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GCT- GG~ ACG: TGC- GOC- €66~ ACG: GOC- GLC- TCC- TCC- GG G

4Gk OGC- TGC AGC- GC6- QGG

GCT- GCC- ACT- CCA- TGA- GOT- ATT- TCT- ACA- CO0- CCA TGT- CCC- GGC €05+ GCC: GCG- GG AGC- CCC- OCT- TCA TCG- CAG- TGG

GCT- AQG- TGG- AQG: ACA- CCC- AGT- TOG- TGA GCT- TCG: ACA- GOG- ACG: CQ0- COA- GTC: COA GGA- TGG: OGC- CCC GGG OGC- CAT

1
GGA- TAC- 40T AGG- AGD- OGC COG- AGT: ATT- GOG- ACC: GG & CAC: 8G& TCT@ CCA- ACA- CAC AGA- CTT- ACC- GAG-
5 vy 3 4
AGh- GCC- TGC- GGA- ACC- TOC- GG GCT- ACT- ACA- ACC AGA: COG- AGG: CT” CTC ACA TCC’ ACA-GCA TCT A :
/"
Contain245bp in the baluk region (ot listed in detail}
5
C@ KTG- ACC AGT OO0 OCT- ACS- A GCA GG ATT- ACA TOG- CQC
TGA 40G- AGG- ACC: TGA: GCT- CCT GGA CCG- 00G- O6G- ACA GG+ (OG- CTC AGA- TCA CTC- AGC GCA: ACT- GGG+ AGG (GG 00

6
GTG- AGG- {0G- AGC: AG@ Gh- GAG- CCT- ACC- TOG- AGG- GCC- TOT- GG TGS AGT- GGC- TCC- GCA- GAT- ACC TGG- AGA- ACS- GGA- AGG

o (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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HEA ALLELES ASSOCIATED WITH ADVERSE DRUG REACTIONS AND
METHODS FOR DETECTING SUCH

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of 118, Patent Application No. 60/800,121,

LA

filed May 11, 2006, the content of which s incorporated hevein by its entirety.

BACKGROUND
An adverse drug reaction {ADR) is an ondesired and unintended effect of a
drug. Io particalar, an adverse drug reaction occurs at doses used for prophylaxis,
HY  diagnosis or therapy. According to a widely cited meta-analysis, ADRs were ranked
between the fourth and sixth most common cause of death (Lararou o al,, JAMA,
29153 1200-1205, 1998). Cutancous ADRs account for about 2-3% of all hospital
admissions (Bighy et al, JAMA, 256(24):3358-3363, 1986). They range from mild

maculopapular (MPE), with increasing severity, o Hife-threatening ADRs, such as

st
¥

hypersensitivity syndrome (HSS) |, Stevens-lohason syndrome (S8J8) and toxic
epidermal necroldysis {TEN; Lyell’s syondrome). The mortality rate of the latter can be
as high as 40%.
HSS is characterized by multi-organ involvements {e.g. hepatitis or nephritis)
accompanied with systemic manifestations (e.g. fever, arthragis, cosinophitia and
20 lvmphadenopathy) in additional to skin rashes (Rowjeans et al,, N Engl. 1. Med,,
331:1272-1285, 1994y, 8IS and TEN are inwnune-complex-mediated hypersensiiivity
disorders characterized by rapid development of blistering exanthema of purpuric
macules and target-iike lesions accompanied with mucules involvement and skin
detachments (Rowjemu et al J hnvest Dermatol, 1994, 102:2858-308). They are caused
25 mostly by drugs, such as sulfonamides, anticonvuisants, allopurinol, nonsteroidal anti-
inflammatory drugs. and antimalartals (Roujeau et al., N, Engl. J. Med.,
3334 1600-1607, 1663}, In Tatwan, anticomvulsants fe.g., CBZ, phenytoin and
phenobarbital) and allopurinol are the most common drugs causing SIS/TEN.
Recent developments of pharmacogenomics bave imphied that the

3 susceptibility to ADRs s associated with particular genctic alleles. For example,

-
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genomic polymorphisms of the thiopurine methyltransterase gene were found o be
closely refated to ADRs indaced by azathioprine, 4 drog for rheumatologic diseases or
cancer { Yates et al,, Ann, fotern, Med., 126(83:608-614, 1997} It is also suggested
that the susceptibility to SISTTEN/HSS induced by certain drugs is genetically
§ determuined {Gennds MA, Amc b Med,, 161631634, 1991 Edwards SG, Postgrad.
Med. J., 7T5(880n680-681, 1999). However, the exact responsible genetic factors
have vet to be identified.
These pharmacogenomics studies suggest that detecting ARR-associated
atleles ina patient 1s a useful approach for assessing whether that pationt 1s at risk for
1Y developing ADRs. This kind of molecular diagnostics certified by Clinical
Laboratory Improvement Amendments is now offered by reference Iaboratories in the
LIS and Furope.
To determine the presence of a particular genetic allele, one or more allelic-

[

spectfic nucleotide need to be detected. In many cases, multiple regions within the

15 allele must be targeted 10 achiove an accurate determination. For example, currently
available methods for determaining an HLA-B allele (e.g., HLA-B*1502 or HLA-
B¥*SE01) requires detecting at loast 6 regions within that allele,

St ARY OF THE INVENTION
20 The present invention provides a method of predicting the visk of a patient for

developing adverse drug reactions, particularly 8IS, TEN, or H38. It was discovered
that HEA-B¥1502 is asyociated with SIS/TEN induced by a variely of drugs, v.g.,
carbamazepine (CBZ). Inaddivon, HLA-B¥3801 s particularly associated with
SIS/TEN induced by allopurinel. HLA-B*3801 is also associated with allopurinol-
25 induced HSS. Mider cutaneous reactions induced by CBZ, such as maculopapular
rash, srvthema multiforme, articana, and fixed drug erupbion, ave particalarly
associated with HLA-B*4601,
Aceordingly, the present application provides g method of assessing the risk of
a patient for developing an adverse drug reaction in response o a drog, including

3 performing HLA typing using a biological sample from the patient. Any HLA allele

L3
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that is associated with the ADR with a sensitivily of at {east about 40% can be used as
the risk factor in the present invention. Preferably, the sensitivity of the risk factor iy

at least about 50%, 600, T0%, 80%, 85% or 90%. More preferably, the sensitivity is

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

5 oxcarbazepine (brand name: irileptaly, licarbazepine, allopurinol, phenytomn,
sulfasalazine, amoxicitlin, thuporfen and ketoprofen. Alternatively, the drag is
preferably not a nonsteroidal anti-inflanymatory drug. Preferably, an HLA-B allele is
the risk factor,

Assessing the risk of a patient for developing an adverse drug reaction in
10 response to a drug. can be accomplished by deternuning the presence ol an HLA-B
allele selected from the group consisting of HLA-B13502, HLA-B¥3801 and HLA~
B*601, wherein the presence of the HLA-B allele i indicative of a risk for an
adverse deug reaction. The drug can be selected from the group consisting of CBZ,

oxcarbazepine, licarbazepine, allopurinel, oxypurinol | phenvioin, sulfasalazine,

LA

amoxiciliin, thuprofen, and ketoprofen,

The adverse drug veaction can be a cutancous adverse drag reaction, such as
SIS, TEN, or HSS. In one embodiment, the drug s selected from UBZ,
oxcarbazepine, licarbazepine ,and the allele is HLA-B*1502. In another embodiment,
HELA-B¥3801 s used to predict the visk for SIS, TEN, or HSS, and the drags can be
20 selecied from allopurinet or oxypurinol,  Other subtypes of HLA-B1IS, BSE or B46,
such as HLA-B¥1503 or 1558, can also be used to predict the risk for developing an
ADR.

A genctic allele can be detected by direct detection of regions/nucleotides

within the allele using genomic DNAs prepared from biosamples, e.z. blood, saliva,

3
>

uring or hair.  The allicle can also be detected by, for example, serological or
ncrocyiotoxicity methods, 1t also can be deternrined by detecting an equivalent
genetic marker of the allele, which can be, e g, an SNP (single nucleotide
polymorphism}, & microsatellite marker or other Kinds of genetic polymorphisins, In
other words, the presence of the HEA-B*1502, 3801 or 46{11 haplotype, rather than

30 the allele per se, 1s indicative of a risk for adverse drag reactions. Exemplary
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sguivaient genetic markers of HLA-B B*1302 haplotype include DRB1¥1202,
CwH 0RO, Cw* 0806, A*1101, and MICA0I9. Exemplary equivalent genetic
markers of HLA-BYS80T includes HLA-ATI303, Ow®(302, DRBIF030H, and
MICA*GI201.

Another aspect of the present invention is a method of pharmacogenomics
profiling. This method inclades determining the presence of at least one HLA-RB
alicle selected from the group consisting of HLA-B*15G2, HLA-B*3801, and HLA-
B¥*46{]. In one example, the presence of at feast two alleles selected from the group
is determined, such as HLA-B*1502 and HLA-B*3801. In another example, the
presence of all three alleles is determined. The method can optionally comprise the
determination of other genetic factors. Those other genetic factors can be associated
with the predisposition for any disease or medical condition, inchuding ADRs. For
gxample, these other genetic factors can be selected front the group consisting of

thiopurine methylransferase and the genes for the long-QT syndrome,

Also within the scope of this invention 1s a method for determining whether a
patient carries HLA-BY 1502 or HLA-B*S801. This method inchudes the steps of: (1)
detecting a first region selected from either Regions 1+6 of HLA-B*1502 or Reglong
-0 of HLA-B¥3801, (2) detecting a second region sclected from cither Regions 146
of HLA-B¥1302 or Regions 1-6 of HLA-B™3801, the second region being different
front the first vegion, and {3} determining whether the patient cames the allele of
interest, the presence of the first and second regions indicating that the patient carries
HLA-B*I502 or HLA-B¥3801, These regions can be detocted by Real-Time PCR or
Competitive Sequence-Specific Oligonucieotide hybridization assay coupled with
ELISA (CSSO-ELISA). In one example, detecting two regions selected from
Regions 1-0 of HLA-B*1302 or from Regions 1-6 of HLA-B*3801 is sufficicat to
determine the presence or absence of HLA-B*1302 or HLA-B¥3801. Allernatively,
three or more regions within HLA-BY 1502 or HLA-B*38M wre detected.

Detection of Region 1, Region 2, and Region 3 of HLA-B¥1502 can be
achivved respectively by identifving nucleotides at positions | and 3 within Begion 1,

at posttions | and 6 within Region 2, and at positions 1 and 3 within Region 3
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{including the nucleotides in either the sense strand or the anti-sense strand at these
positions).
Detection of Regions 1-6 of HLA-B¥3801 can be achieved respectively by
wlentifying nucleotides at positions 1, 2, and 5 within Region 1, at positions £, 4, 6, 7,
§ 0 & 15, t6.and 20 within Region 2, at positions 2. 4, §, &, and 9 within Region 3, at
positions 3 and § within Region 4, at positions T and 9 within Region 5, and at
positions 3 and 10 within Region 6.
The present invention also provides a kit for detecting a genetic allele, eg.,
HLA-B*15302 or HLA-B*3R01. In one example, this kit contains a first probe and &
) second probe, each targeting a region selected from Regions -6 of HLA-B*1502 or
Regions 1-6 of HLA-B*3801. The two probes target different regions. The kit can
further include a third probe that targets an infernal control allele. It can also inchude
one or more additional probes for detecting one or more additional regions within

HEA-B¥E502 or HLA-B¥3801,

LA

Further provided is a method for determining whether a compound ixa
candidate that induces an ADR (e.g., SISSTEN, HSS, or a milder cotancous ADR) ina
patient carrying an HLA allele (e.g., HLA-B¥ {502, HLA-B*3801, or HLA-B*4601)
associated with the ADR induced by a drug (e.g.. CBZ, allopurinol, or phenytoin).
This method inclades the steps oft (1) solating T cells from an ADR patient carrying
20 an HLA allcle associated with the ADR, (2) expanding T cells reactive to the drug
that induces the ADR, (3) isolating antigen-presenting cells from the paticnt, (4}
contacting the expanded T cells with a compound in the presence of the APCs, and {3)
examining whether the compound activates the expanded T cells. A compound that
activates the T cells is 8 candidate that induces the ADR in a patient carrying the same

HLA allele.

3
>

A pationt has a “risk™ for an ADR i the probabilily of the patient to develop
an ADR is higher than the probability of the general population to develop the ADR,
The probability of the patient to develop the ADR is at Ieast about 1.5 fold, more
praferably at least shout 2 fold, still more preferably at leastabowt 3, 4,5, 6, 7. 8 or 9

30 fold, and most preferably at feast aboat 10 fold as high as the probability of the
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general population to develop the ADR. The probability can be determined by any
method known in the art, such as by using the incidence of risk factors. For example,
a given risk factor is present in 5% of the general population. 1 this factor is present
in 10% of the patients who have an ADR, then the probability of a patient with this
risk factor to develop the ADR is 2 fold ax bigh as the probability of the general
popalation to develop the ADR.

A Urisk factor” for an ADR is a factor that is associated with the ADR. The
sensitivity of a risk factor is preferably at least about 40%, more preferably at least
aboul 30%, 60%, 70%, §0%, 83% or 90%. Most preferably, the sensitivity s at least
95%. The “sensitivity™ of a risk fuctor for predicting an ADR is the percentage of
patients with the ADR that possess the risk factor. In other words, if every SIS
patient has allele A, the sensitivity of allele A for predicting SIS 15 1004, 11 20 out of
40 8IS paticnts have allele B, then the sensitivity of allele B for predicting SIS is
509,

An “eguivalent genetic marker” of an allele of interest refers 1o 8 gonetic
marker that is linked to the allele of interest, Le., i displays a hinkage disequilibrium
with the allele of interest,

“Pharmacogenomics profifing” refers to the determination of genetic factors
present in a subjoct that are associated with diseases or medical conditions,
particularly adverse reactions o drugs. Typically, a pancl of genetic Tactors s
determined in pharmacogenomics profiling, and the factors may or may not be
associated with the same disease, medical condition, or reaction 1o diug.

A drag comapound, as used herein, refers to a compound that is a drug or the
same as the drog except that at least one hydrogen in the drug is substitited with a
halo, hydroxyl, acylamino, alkyl, alkenyl, alkynyl, alkoxy, arvioxy, arvl, aryloxyaryl,
carboxyl, carboxylatkyl, carboxyl-substituted alkyl, carboxylcyeloatkyl, carboxyl-
substituted eycloalkyl, carboxylaryl, carboxyl-substituted aryl, carboxytheteroaryl,
carboxylb-substitited heteroaryl, carboxylheteroeyclic, carboxyvi-substituted
heteroeyclic, eyclealkyvl, substituted alkyl, substituted alkoxy, substituted aryl,

substituted aryloxy, substituted arvioxyaryl, substituted eyeloalkyl, heteroaryl,

-6-
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substituted heteroaryl, heteroeyelic or substituted heterocyehe group, The chenvical
groups are defined below. The subsistent can contain zevo to ten, zero to six, zero o
four, or zero o two carbon stoms,
As used hersin, “alky!™ refers to alkyi groups having 1 1o 10 carbon atoms or |
3 to6carbon atoms., “Substituted alky?” refers to an alkyl group, preferably of from |
te 10 carbon atoms, having from | to 5 substituents selected from the group consisting
of alkoxy, substituted alkoxy, acyl, scylamine, thiccarbonviamine, acyloxy, amino,
amidine, alkyl amidine, thivamidino, aminoacyl, aminocarbonylamine,
amimothiocarbonylamino, aminocarbonyloxy, arvl, substituted avv, arvioxy,
19 sabsttated arviexy, arvioxylaryl, substituted arvioxyaryl, cvano, halogen, hvdroxyi,
nitro, carboxyl, carboxyalkyl, carboxyl-substituted alkyl, carboxyl-oycloaliovl,
carbox vi-substituted cveloalkyvl, carboxylarvi, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted hetercaryl, carboxyiheterocyelic, carboxyl-

substituted heteroeyelic, cycloalkyl. substituted cycloatkyl, guanidino,

LA

guanidivesuifone thiel, thioalkyl, substituted thicalkyl, thinaryl, substituted thioaryl,
thiocyeloalkyl, substituted thiocyeloatkyl, thioheteroaryl, substituted thioheteroaryl,
thicheterocyelic, substituted thioheterocyelic, heteroaryl, substituted arvl, substituted
heteroaryl, heterocyclio, substituted heterocyelic, eycloalkoxy, substituted
cycloalkoxy, heteroarvloxy, substiluted hoteroarvioxy, heterocyclyloxy, substituied
20 heterocvelyvloxy, oxyearbonylamine, oxythiocarbonylamino, -OS(O) -alkyl, ~OS(O)
-substituted atkyl, COS(0); ~aryl, “OS{0); -substituted aryl, ~-O8{0}, -beteroaryl, -
OSE0); -subgtituted heteroaryl, -OS0): -heteroeyclic, ~OS(Q; - substituted
heterocyelic, ~OS0; -NRR, -NRS(O}); -alkyl, -NRS{(O) -substituted atkyl, -NRS{O); -
aryl, “NRS(Q); -substituted aryl, -NRS(OY: -heteroaryl, -NRS(O} ~substituted

3
>

heteroaryl, ~NRS{O), ~heterooyele, ~NRS{O}): ~-substituted heterocyclic, -NRS{Q ~
NR-alkyl, ~NRS(O}, -NR-substituted alkyl, -NRS{O): -NR-arvl, -NRS(O), -NR-
substituted aryl -NRS{O}); ~NR-heteroaryl, -NRS{O}); ~NR-~substituted

heteroarvl, -NRS{O); -NR-hsterocyclie, -NRS(Q); -NR-substituted heterocyelic,
monoe- and di-alkyvianing, mono- and di-(substituted alkyDamino, monvand di-

30 arylamine, mono- and di-(substitated arybamino, mono- and dihetercarylamino,
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mono~ and di-{substituted heteroarylamino, mono- and diheterocyclic aming, mono-
and di-(substituted heterocyvelic) amino, unsymmetric disubstituted amines having
different substituents selected from the group consisting of afkvl, substituted atkyl,
aryl, substituted aryl, heteroaryl, substituted heteroarvl, heterovyehic and substituled
5 heterocyelic; substituted alkyl groups having amino groups blocked by conventional
blocking groups and alkylsubstituted alkyl groups substitated with -8O; -alkyl, -SOy
-substituted alkyl, -S4, -alkenyl, -8Q; -substituted alkenyl, -50; -cycloalkyd, -80- -
substitated cveloalkyl, ~SO; ~aryl, -SO; ~substitated arvl, ~SO ~hetevoaryl, <50 -
substitated heteroaryl, ~SOs ~heterocyelic, -S04 -substituted heterocyelic or ~SOh -~
19 NRR, where R is hydrogen or alkyl
“Alkoxy™ refers o the group “alkyl~0-" which includes, by way of example,
methoxy, ethoxy, n-propoxy, iRo-propoxy, n-butoxy, tert-butoxy, sec-butoxy, 6~
pentoxy, n-hexoxy, 1.2-dimethyibutoxy, and the like, “Substituted alkoxy™ refers to

the group “substituted alkyl-0-"

LA

“Acy!” refers to the groups H-C(Q-, alkyl-C(O)-, substituted alky-C{O)-,
atkeny -C{O)-, substituted alkeny-C{O)-, alkynyi-C(O)-, substituted alkynyl-CLOY.
cycloalky - C{O ), substituted eycloalkyMC{O), aryb-C{O)-, substitated aryl-C(O),
heteroaryi~C{O)~, substituted heteroary-C(Q), heterocyelic-C{O}, and substituted
heterocyelic-C{O}-, wherein athkyl, substituted alkyl, alkenyl, substituted atkenyi,

20 alkvoyl, substituied alkynyl, oycloatkyl, substitated cycloalkyl, arvi, substituted arvl,
heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyelic are as
detined herein.

“Acylamino” refers o the group ~CIOINRR where cach R is independently

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

3
>

substituted alkenyl, alkyayl, substituted allcynyl, aryl, substituted avvl, cveloalkyl,
substituted cycloalkyl, hateroaryl, substituted heteroaryl, heterocyelie, and substituted
heterocyelic; and where each R can be joined 0 form, together with the nitrogen
stom, a heterocyeliv or substituted heterocyelic ring wherein alkyl, substituted alkyl,

altkenyl, substituted alkemyl, alkynyl, substituted alkynyl, cycloalkyvl, substituted

-&-
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eveloalkyl, aryl, substifuted aryl, heteroaryl, substituted heteroandd, heterocyelic and
suhstituted heterocyclic are as defined herein.

“Acvioxy™ refers to the groups alkyl-COY0-, substituted siky-CEOK0-,
atkenyl-C{OQ-, sabstitated alkeny FC{OY0-, alkynyvl-C(OYO-, substituted alkynyl-
CLOY -, aryl-C{HO-, substituted arvi=C{O0-, cveloalkyl-C030-, substituted
cycloalkyCOY0-, heteroaryl-C{ON0-, substituted heteroary-CIO0-, heterocyclic-
C{OHYO-, and substituted hoeterooyeHe-CLO0- wherein atkyl, substituted alkyl,
alkenyl, substituied alkenyl, alkynd, substituted alkynyl, cvcloalkyd, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroarvl, heterocyelic, and
substitated heterocyclic are as defined herein.

“Alkenyt” refors 1o alkenyl group preferably having from 2 to 10 carbon atoms
and more preferably 2 10 6 carbon atoms and hawi,ng at feast 1 and preferably from 1-2
sites of alkenyl ansaturation. “Substituted alkenyl™ refers to alkenyl groups having
from 1 to 5 substituents selected from the group consisting of alkoxy, substituted
altkoxy, acyl, acylamino, thiocarbonylamino, acyloxy, aming, amiding, alkylamiding,
thinamidine, amineacyl, aminocarbonylamino, aminothiocarbonylamino,
aminocgrbonyloxy, aryl, substituted aryl, arvloxy, substituted aryloxy, aryloxyaryl,
substituted aryloxyaryl, halogen, hydroxyl, eyane, nitro, carboxyl, carboxylatkyl,
carboxyl-sabstituted alkyl, cavboxyloyeloalkyl, carboxyi-substituted cyveloatkyl,
carboxylaryl, carboxyl-substituted aryl, carboxytheteroaryl, carboxyl-substituted
heteroaryl, carboxyibeteroeyelic, carboxyisubstituted heterocyclic, cycloatkyl,
substitaied cveloalkyl, guanidino, guanidinosuifone, thiol, thaoalkyl, substituied
thioalkyl, thicaryl, substitated thioaryl, thiceycloalkyl, substituted thiocyoloalkyd,
thicheteroaryl, substituted thioheteroaryl, thioheterocycelic, substituted
thicheterocyclic, heteroaryi, substituted heternaryl, heterocyclic, substituted
heterocyelic, cveloatkoxy, substituted cycloatkoxy, heteroaryloxy, substituted
heteroarvioxy, heterocyelyloxy, substitated heterocyelyloxy, oxycarbonylamino,
oxythiocarbonylamino, -O8(0); -alkyl, -OS{0); -substituted alkyl, -OS(0); -aryi, -
OS¢, -subgtituted arvl, “OS80O), - heteroaryl, ~0OS{O, -substituted hetevourvl, -
O8O ~heterocyclic, ~O8(0): - substituted heterocyehie, 0O80; -NRR, -NR&O); -

PCT/US2007/068782
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alkyl, “NRS(O}; ~substituted alkyl, -NRS((); ~aryl, -NRS((, ~substitited arvl, -
NRS(O); ~heteroaryl, -NRS{O); -substituted heferoaryl, -NRS(O), -heterocyelie, -
NRS{O}); -substituted heterocychic, -NRS(O): ~NR-alkyl, -NRS{O}); -NR-substituted

alkyl, SNRS(O): -NR-alkyl, -NRS{O): -NR-yubstituted arvl, -NRS{O): -NR-
5 heteroarvi, ~NRS{ Ni-substituted heteroarvl, -NRS(() -NR~

heterocyelic, -NRS(O): -NR-substituted heterocyclic; mono- and di-atkylamino,

mono- and di-{substituted allkyljamine, monoand di-arylamine, mone- and di-

(substituted arvliamino, mono- and diheteroarvlanyne, mono- and di-{substitnted

hetevoaryDanine, mono- and dibeterocyclic amino, mono- and di-(substituted

1) heterocyelic) amino, unsymmetric disubstituted amines having different substituents
selected from the group consisting of alkyl. substituted atkyl, aryl, substituted aryl,
heteroarvl, substituted heteroaryl, heterocyelic and substituted heterocyehic and
substituted atkeny! groups having amino groups blocked by conventional blocking

groups {such as Boe, Cbz, formyl, and the like) and alkenylsubstituted alkenyt groups

LA

substitaied with -5, -alkyl, ~SO; - substituted alkyl, -SO; -alkenyl, -5Ch ~substituted
atkenyl, -8, ~cycloalkyl, ~SO» ~substituted cycloalkyl, -8O; -aryl, -8O; -substituted
arvl, -80; <heteroarvl, ~SOs - substituted heteroaryl, ~-8O; ~heterocyelic, -S0; -
substitited heterocyclic or ~SO; NRR, where R is hydrogen or alkyl.

“Alkynyl” refers to atkyny! group preterably having from 2 to 10 carbon
20 atoms and more preferably 3 1o 6 carbon gtoms and having at feast 1 and prelerably
frony 1-2 sites of alkynyvi unsaturation. “Substituted alkyny!™ refers to alkynyl groups
having from 1 to 5 substituents selected from the group consisting of alkoxy,
substituted alkoxy, acyl, acylamino, thiocarbonylanino, acyloxy, amino, amidino,

atkylamidino, thinamiding, aminocacyl, aminoecarbonylamine,

3
>

aminothiocarbonylaminoe, arninccarbonyvioxy, arvl, substituted aryl, aryloxy,
substituted arvioxy, arvioxyaryl, substituted arviexyaryl, halogen, hyvdvoxyl, cvano,
nitro, carboxyl, carboxylatkyl, carboxyl-substituted alkyl, carboxyleycloalkyl,
carboxyl-substitiied oycloaliiyl, carboxylaryl, carboxyl-substituted aryl,
carboxytheteroaryl, carboxyl-substituted heteroaryl, carhowyvtheterocyehic, carboxyi-

30 substituted beterocyclic, oycloatkyl, substituted cycloalkyl, guaniding,

-F-
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guanidinosutfons, thiol, thioalkyl, substituted thicatkyl, thivaryl, substituted thioaryl,
thiocycloalkyl, substituted thiocycloaltkyl, thioheteroaryl, substituted thioheteroaryl,
thisheterocyelic, substituted thioheterocyelic, heterouryl, substituted heteroaryl,

heterocyelic, substituted heterneyelic, eycloalkoxy, substituted cycloalkoxy,

LA

heteroarvioxy, substituted heteroaryloxy, belerocyelyloxy, substifuted
heterocvelyloxy, oxycarbonylamine, oxythiocarbonylamino, ~Q8{0); ~alkyl, -OS(O);
-substituted atkyl, “OS(0)2 -ary, -0O8(Q, ~sybstituted aryl, “OS{O),-
heteroaryl, ~OS{O): -substiiuted heterearyl, ~O8{0): ~heterocyvelic, ~OS(0O); -
substitated heterocyclic, ~0O80; -NRR, -NRS{O); -alkyl, SNRS{O, -

19 sabsttated alkvl, -NRS(O): -arvl, -NRS(O); -substituted aryl, -NRS(O); -heteroaryl, -
NRSE(Q): ~substituted heteroaryl, -NRS{O: ~heterocyelic, -NRS{O): -substituted
heterocyelic, -NRS((O) ~NR-alkyl, -NRSO}; -NR-zubstituted atkyl, -
NRS{Op -NR-aryl, ~-NRS{O); -NR-substituted aryl, -NRS(Q}; -NR-heteroaryl,
-NRS{O): -NR-substituted heteroaryl, -NRS{O): -NR-heterocyclic, -NRS(QO), -NR-

LA

subsiitaied heterocyclic, mono- and di-alkylamine, mono- and di-(substituted
alkybhamino, monoand di-aryvlaming, mono- and di-{substitited arvDamine, mono-
and diheteroarylaminoe, mono- and di-{substituted heteroaryhamino, mono- and di-
heterocyelic amine, mono- and di-(substituted hetorocyclic) amine, unsymnetric di-
substituted amines having ditforent substituents selected from the group cousisting of
20 abkvl, substituted alkyl, aryl, substituted aryl, heteroaryl, substituted heleroaryl,
heterocyvelic and substituted heterocyclic; substituted alkynyl groups having amine
grouns blocked by conventional blocking groups {such as Boe, Che, formyl, and the
like), and alkynyl/substituted alkyny] groups substituted with -SO; ~alkyl, -850, -

substituted alkyl, ~SO» ~alkenyl, ~SO: ~substituted alkenyl, ~8O; ~cyveloatkyl, -8, -

3
>

substituted oycloalkyl, -50; -aryl, -80O; -substituted aryl, -SOy ~heteroaryl, -8 ~
substituted heteroaryl, -SO: heterocyclic, -S5O, -substituted heterocvelic or -50:
NRR, where R is hydrogen or alkyl.

“Amincacyl” refers o the groups -NRC{Oalkyl, -NRC{O)substituted alkyl,
-NRC{Oeveloalkyl, -NRCHO substitoted eyveloalkyl, -NRO{Oalkenyl,
30 -NRC{O)-substituted atkenyl, ~NRC{OFalkyoyl, -NRC{O)-substituted alkynyl,
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NRC(O)-arvi, -NRC{O)substituted arv], ~NRC(OYheteroarv, -NRC{Osubstituted
heteroaryl, -NRC{{heterovyelic, and -NRC(O)substituted heterocyclic, where R is
hrvdrogen or alkyl and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl,

atkyaoyvl, substituted alkynyl, cvcloalkyl, substituted cyeloalkyl, aryl, substituted aryl,

LA

heteroarvi, substituted heteroaryl, heteroeyelic and substituted heterocyelic are ag
defined herein,

“Aminocarbonyvioxy™ refers to the groups -NRC{O)O-alkyl, -NRC{OYO-
substituted alkyl, -NRCEO-atkenyl, ~NRC{O¥ >-substituted alkenyl, -NRC(O30-
atkynyl NRONOG-sabstitated atkynyl, -NROOO-cveloalkyl, NRC(OW-

19 sabsttsted cycloalkyl, -NRC{OIO-arvl, -NRC{O)O-substituted gryl, NRC{OXO-
heteroaryi, -NRC{OY)-substituted beteroaryl, ~NRC{O)Y-heterocyclic, and ~-
NRCH{NO-sebstituted beterocyclic where R is bydrogen or alky! and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkyayl, substituted atkynyl, cycloaltkyl,

substituted eveloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,

LA

heterocvelic and substituted heterovyelic are as defined herein,
“Oxycarbonylamino™ refers to the groups -OCIOINRR, -OC{OINR-alky,
SOCOINR-substituted alkyl, <OCIOINR-alkeny], ~-OCOINR-substituent alkenyl,
ODCENINR-alkynyl, ~OC{OINR-substituted alkynyl, -OC{ONR-cyeloalkyl, —~
OCEONR-sabstituted cycloaliyl, -OCIOWNR-aryl, -OCIONR-substitiged
20 arvl, ~OC(OWNR-heteroaryl, ~-OC{OINR-substituted heteroaryl, ~OC{OINR-
heterocyelie, and ~OC(OINR-substituted heterocyelic where R is hydrogen or alkyl,
and where cach R can be joined o form, together with the nirogen atom, a
heterocyelic or substituted heterocyelic ring and wherein atkyl, substituted alkyl,

atkenyl, substitoted alkenyl, alkynyl, substituted atkynyl, oveloalkyl, substituted

3
>

cycloalkyl, aryl. substituted aryl, heteroaryl, substituted betercaryl, heterocyclic and
substituted heterocovelic are as defined herein.

“Aryl” or “ArT refers to an unsaturated aromatic carbocyclic group of from 6
tor 14 carbon atoms having a single ring {e.g., pheayD) or multiple condensed rings

{e.g0., naphthyl or anthey D} which condensed rings may or may not be aromatic
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{e.g., 2-benzoxazolinone, 2H-1 4-benzoxarin-3{(4H~one-7-v1, and the like). Preferred
aryls include phenyl and naphthyl

Substituted arvi refers to aryl groups which are substituted with from Lo 3
substituents selected from the group consisting of hydroxy, acyl, acylamino,
thiccarbonyviaming, acyloxy, alkyi, substituted alkyl, alkoxy, substituted alkoxy,
atkenyl, substituted alkenyl, atkynyl, substituted alkyoyl, amidino, adkylamidino,
thioamidine, amino, aminoacyl, aninocarbonyloxy, aminocarbonylamino,
aminothiocarbonylamino, arvl, substituted arvl, avvioxy, substituted arvioxy,
cveloalkoxy, substituted cycloatkoxy, heteroarviogy, sabstitated heteroarylony,
heterocyelyloxy, substituted heteroeyelvloxy, carboxyl, carboxyialkyl, carboxyl-
substituted alkyl, carboxyboycloalkyl, carboxyi-substituted cycloalkvi, carboxylaryl,
carbox vi-substituted aryl, carboxyibeteroarvl, carboxyl-substituted heteroaryl,
carboxylheterocyelic, carboxyl-substituted heterocyelic, carboxylamido, cvano, thiol,
thioalkyl, substituted thioatkyl, thivaryl, substituted thioaryl, thioheteroaryl,
substituted thioheteroaryl, thiocycloalkyl, substituted thiocycloalkyl, thioheterocvelic,
substituted thichetevocyelic, eycloatkyl, substituted cycloalkyl, guaniding,
guanidinosutfone, halo, nitro, heteroaryl, substituted heteroaryl, heterocychie
substituted beterocyclic, cycloalkoxy, substituted cyeloalkoxy, ht:te:'oziz'y]m%
substituted heteroaryioxy, heterooyelyloxy, substitated heterocyelyloxy,
oxyearbonylanino, oxytinoecarbonylamino, -SO{O); -alkyl, -S{0O), ~substituied alkyl, -
S{O); ~evcloalkyl, -8§{0): -substituted cycoalkyl, -S(O); -alkenyl, -S{O); - substituted
atkenyi, -S{0O): ~aryl, -S{O): -sohstitvted aryl, -S{0O): -beteroaryl, -S{0)h -substituted
heteroaryl, -3{(O) ~heterocyclic, -8{Q); -substituted heterocyelic, -OS{(0); -alkyl, -
OK{Q}, -substituted alkyl, ~OS(0) ~aryi, ~-OS(0}; -substituted aryl, -OS(0Y; -
heteroaryl, ~OS(10), ~substituted heteroaryl, ~OS0); ~heterocyelic, ~OS{O): -
substituted heterocyelic, ~O80: ANRR, -NRS(O), ~alkyl, -NRS{O): - substituted alloyl,
~NRS{O}; ~aryl, -NRS{(); ~substituted aryl, ~-NRS{0); - heteroaryl, -NRS{O}; ~
substituted hetercarvl, -NRS{O): -heterocyelie, -NRS{O); - substituted heterocyclic, -
NRS(O): -NR-atkyl, -NRS{O): -NR-substituted alkyl, -NRS{O) -NR-arvl, -NRS{Oh
-NR-suhstituted aryl, -NRS{O); -NR-heteroaryl, -NRS{O); -NR-substitated

13-
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heteroaryl, -NRS{O);: -NR-substituted -NRS{0): -NRsubstituted beterocyclic, mono-
and di-alkyiaming, mono- and di-(substituted alkyDamino, monoe- and di-arylamino,
mono- and di-(substituted arylamine, monoand di-heteroarviamine, mono~ and di-
{substituted heteroaryilaming, mono- and diheterosyelic amino, mono- and di-
{substituted heterocvelic) amino, unsymmetric disubstituted amines having different
substituents selected from the group consisting of alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyelic, amino groups on the substituted arvl blocked by conventional blocking
groups (such as Boce, Chz, formyl, and the like), and -80; NRR, where R is hydrogen
or atkyl.

“Substituted aryvloxyaryl” refers to arvioxyaryl groups substituted with from |
to 3 substitoents on either or both aryl rings selected from the group consisting of
hydroxy, acyl, acylamino, thiccarbonylamino, acyloxy, alkyl, substituted alkyl,
atkoxy, substituted alkoxy, alkenvl, substituted atkenyl, alkynyl, substituted alkynyl,
amidine, alkylamidino, thicamidino, amine, amincacyl, anunoecarbonyloxy,
aminocarboaylamine, aminothiocarbonylamine, aryl, substituted aryl, aryloxy,
substitated aryloxy, cycloalkoxy, substituted evcloalkoxy, heteroaryloxy, substituted
heteroaryloxy, heterocyelyloxy, substituted heterooycelyloxy, carboxyl, carboxylatkyl,
carboxyl-sabstitoted alkyl, cavboxyl-cyeloalkyl, carboxyvi-substituled cyeloatkyl,
carboxylaryl, carboxyl-substituted aryl, carboxythetercaryl, carboxyl-substituted
heteroaryl, carboxyibeteroeyelic, carboxyi-substituted heterocyclic, carboxylamido,
cvano, thiol, thioalkyt, substituted thicalkyl, thicaryl, substituted thinaryl,
thioheteroaryl, substituted thicheteroaryl, thiocycloalkyl, substituted thiocycloalkyl,
thicheterocycelie, substituted thioheterocyelic, cveloatkyd, substituted cycloalkyl,
guanidino, guanidinesutfone, halo, nitro, heteroaryl, substituted heteroaryl,
heterocyehie, substituted heteroeyelic, eycloalkoxy, substituted eycloalkoxy,
heteroarvioxy, substituted heteroaryloxy, heterocyelyloxy, substituted
heterocyvelyloxy, oxyearbonylaming, oxythiocarbonylamino, -S{0O), -alkyl, -S(O) -
substituted alkyl, -S{O) ~cycloalkyl, -S{0): -substituted eycloalkyl, -S{0): - alkenyl, -

S{0); -substituted alkenyl, -S{O): -aryl, -S{0); -substituted aryl, -${O) - heteroaryl, -

<14
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S{0); -substituted heteroaryi, ~S{0); ~heterocyelic, -S{0): -substituted heterocyelic, -
OS{0) ~atkyl, -OS(0); -substituted atkyl, ~OS(O}, ~aryl, AO8{0); - substituted aryl, -
O8(0): ~heteroaryl, -O8(Q), ~substitited heteroaryl, ~O8{O); - heterocyetic, -O5(0)
-substitited heterocyelic, -O8O0 -NRR, -NRS{O): -alkyl, -NRS{OY: -

5 substituted alkvl, SNRS{O) «arvl, NRS(O): ~substituted arvi, -NRS{O) -heteroaryl, -
NRS{O}; ~substituted heteroaryvl, -NRS{O), ~heterocyelic, “NRS{O); - substituted
heterocyelic, -NRE(O): -NR-alkyl, -NRS{Q}; -NR-substituted alkyvi, -
NRSO): -NR-arvl, -NRS(O): -NR-substituted arvl, ~NRS(; ~NR-~heteroarvl, -
NRS(O): -NR-substitated heteroaryl, -NRSO): -NR-heterocyclic, -NRS{O), ~NR~

19 sabstitsted heterocyclic, mone- and di-alkylamino, mono- and di-(substituted
alkyhamino, mono- and di~arylamino, mono- and di-(substituted aryDamino, mono-
and di-hetercarylamino, mono- and di-(substituted heteroaryDamino, mono~ and di-
heterocyelic amino, mono- and di-(substituted heterocyclic) amino, unsymmetric di-

substituted amines having different substituents selected from the group consisting of

LA

alkyl, substituted alkyl, arvl, substituted aryl, heteroaryl, substitited heteroaryl,
heterocyelic and substitated heterocyelic, aming groups on the substituted aryl
blocked by conventional blocking groups and substituted with -S5O NRR, where R s
hydrogen or atkyl,

“Cycloalkyl” refers (o eyclic alkyl groups of from 3 o & carbon atoms having
20 asingle cyehe ring including, by way of example, eyclopropyl, cyclobatyl,
evelopentyl, eyelooctyl and the like. Excluded from this definition are multi-ring
atkyl groups such as adamantanyl. “Uycloalkenyl” refers to cyelic alkenyi groups of
from 3 to 8 carbon atoms having single or multiple unsaturation but which are not

aromatic,

3
>

“Substitnted-cyeloalkyl” and “substituted cycloalkenyl™ refer 1o a cycloalkyl
and cycloalkenyl groups, preferably of from 3 to 8 carbon atoms, having from 1 to 8
substituents selected from the group consisting of oxo (=0}, thioxo {(=8), alkoxy,
substituted alkoxy, acyl, acylanino, thiocarbonvlamine, acyioxy, amino, amiding,
alkyiamidino, thicamidine, aminoaeyl, aminocarbonyviaming,

30 aminothiocarbonylamine, aminocarbonyloxy, aryl, sabstituted arvl, arvioxy,
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substiteted arvloxy, aryioxyvaryl, substituted aryloxyaryl, halogen, hydroxyl, eyano,
nitro, carboxyl, carboxylatkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl,
carbixyl-substituted cvcloalkyl, carboxylarv, carboxyl-substitoted aryl,
carbonytheteroaryl, carboxyl-substituted heteroaryl, carboxyiheterocyclic, carboxyl-
substituted heterocyelic, cyveloalkyl, substituted oycloalkyl, guaniding,
gaamdinosulfone, thiol, thioalkyl, substituted thicaltkyl, thicaryl, substitated thioaryl,
thiocyeloalkyl, substituted thiveycloalkyl, thioheteroarvi, substituted thioheteroaryl,
thioheterocyelic, substituted thiohsierocyclic, heteroarvl, substituted heteroaryl,
heterocycelic, substitited heterocyelie, eveloatkogy, substituted cyveloatkoxy.
heteroaryioxy, substituted heteroarviogy, heterocyelvlosy, substituied
heterocyelyloxy, oxycarbonylamine, oxythiocarbonvlamino, ~O8(0); -alkyl, ~OS{0);
~substituted alkyvl, ~OS{O) ~arvl, ~OS(O), -substituted arvl, ~OS(O -

heteroarvl, ~OS(0); ~substituted hetercaryl, ~-OS(Q); -heterocyelic, ~OS(0);-
substituted heterocyclic, 080 -NRR, -NRS{0O): -alkyl, -NRS{Q}; —substituted alkyl,
SNRSEOYr ~ary], -NRS{OY: -substituted arvl, -NRS(O): -heteroaryl, -NRS{0); -
sehstituted beteroaryl, -NRS{O): -heterocyelic, -NRS(O) —substituted heterocycelic, -
NRS{Q})z -NR-alkyl, -NRS{O}, -NR-substitated alkyl, -NRS{O): -NR-arvl, -NRS{Op
~NR-substituted aryl, -NRS{O}: -NR-heteroaryl, -NRS{O)~-NR-substituted
heteroarvi, -NRS{O): ~-NR-heterocyehie, -NRS(O): ~NR-substituted heterooyolic,
mone- and di-atkylamino, mono- and di-(substifuted alkybamine, monoand di-
arviamino, mono- and di-(substituted aryhaming, mono- and di-heteroarylamine,
mono- and di-{substituied heteroaryliaminn, mono- and di-heterogyelic aming, mono-
and di-{substituted heterocyclic) amino, ansynimetric di-substitoted amines having
different substituents selected from the group consisting of alkyl, substituted alkyl,
aryl, substituted aryl, hetoroaryl, substituded heteroaryi, heteronyelic and substituted
heterocyelic, substituted atkyny! groups baving amine groups blocked by
conventional blocking groups {such as Boe, Cbz, formyl, and the like) and
sikynylisubstituted alkyoyl groups substituted with -5Q7 -alkyl, -S5O - substituted
alkyl, -SQ; -alkenyl, -50; -substituted alkenyl, -50: -oyvcloalkyl, -S04 -substituted

cycloalkyl, ~SO; ~aryl, -SO; ~substituted aryl, -SO; -hetevoaryl, -50; - substituted

16~
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heteroaryl, -S5O, ~heterocyelic, ~80; -substituted heterocyelic or -50; NRR, where R
is hydrogen or atkyl

“Cycloatkoxy™ refers to ~O-eveloalky! groups, “Substituted cycloalkoxy™
refers (o -O-substituted cycloalkyl groups.

5 “Hato" refers to fluore, chioro, bromo and iodo and preferably is either ehioro
or bromao,

“Heteroary!™ vefers to an aromatic carbooyctic group of from 2 to 10 carbon
atoms and 1 to 4 heteroatoms selected from the groups consisting of oxvygen, nifrogen
and solfur within the ring. Soch heteroaryt groups can have a single ring (e g., pyridyt

Y or fury) or multiple condensed rings {(e.g.. indolizinyl or benzothienyvl). Preferred
heteroaryis inchude pyridyl, pyrrolyl, indolyvt and furyvl
“Substituted heteroaryl™ refers 1o heteroary! groups which ave substituted with
from 1 10 3 substituents selected from the group consisting of hydroxy, acyl,

acylamine, thiocarbonviamino, acyloxy, alkyl, substituted alkyl, atkoxy, substituted

LA

atkoxy, atkenyvl, substituted alkenyl, alkynyl, substituted alkynyl, amiding,
atkylamidino, thivamidine, amino, aninoacyl, aminocarbonyloxy,
aminocarbonylamine, aminothiocarbonylamino, aryl, substituted aryl, aryloxy,
substituted aryloxy, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy, substituted
heteroarvioxy, heterooyelvioxy, substitated beterooyelyloxy, carboxyvi, carboxylalkyt,
20 carboxylbsubstitaied alkyl carboxyi-cycloalkyl, carboxyl-substituted cveloatkyl,
carboxylaryl, carboxyi-substituted aryl, carboxytheteroaryl, carboxyi-substinuted
heteroaryl, carboxyviheterocyelic, carboxyl-substituted heterocyelic, carboxylamido,
cyano, thiol, thioalkyl, substituted thicalkyl, thioaryl, substituted thicaryl)

thicheteroaryl, substituted thioheteroaryl, thiocycloalleyl, substituted thioeycloatkyl,

3
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thioheterocyehc, substituted thioheterocyelic, cycloalkyl, substituted cycloalkyl,
cuanidine, guanidinosutfone, halo, nitro, heteroaryl, substituted heteroarvl,
heterocyelie, sabstitaled heterocycelic, cycloatkoxy, substituted eycloalkoxy,
heteroaryvioxy, substituted heteroarvioxy, heterocyelyloxy, substituted
heterocyclyvloxy, oxyvearhonviaming, oxvthiocarbonylaming, -S(0O): -alkyl, ~S{0), -

30 substiteted alkyl, -S(O) ~evcloalkyl, -S{O); -substituted eycloalkyl, -S{0); - alkenyl, -
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S{0); -substituted alkenyl, -S{0): -aryl, ~-S({1): -substituted arvl, -S{0O); - heteroarvl, -
S{0); -substituted heteroaryl, ~S{0) ~heterocyelic, -S{0); -substituted

heterocyelic, ~OS{O): ~alkyl, ~Q8{0}); ~substituted altkyl, -OS(Q); ~aryl, ~OS(0); -
substituted aryl, -O8(0Y; -heteroaryl, O8O ~substituted heteroaryl, ~-OS(O) -

5 heterocyelic, <OS{0); ~substituted heteroeyelic, <080, -NRE, NRS{{H ~atkyl,
SNRS{O); ~substituted alkyl, -NRS{Q); -aryl, -NRS(O): -sabstitated aryl, -NRS{O); -
heteroaryl, -NRS{O); -substituted heteroaryl, -NRS(Q}; -heterocyelic,  -NRS{O); -
subsiitaied heterocyelic, -NRS{O}: -NR-alkyl, -NRS(OR ~NR-substituted altkyl, -
NRS(O); -NR-aryl, -NRS(O); -NR-substituted aryl, -NRS(O) -NR-heteroaryl, -

10 NRS{Q); -NR-substituted heteroarvl, -NRS(O), -NR-heterocyelic, ~NRS{O); ~NR-~

substituted heterocyelic, mone- and di-alkylamino, mono-~ and di~(substituted
atkyvhamino, mono- and di~arviamino, mono- and di-{substitiied arvDamino, mono-
and di-heteroarylamino, mono- gud di-(substituted hateroaryhamino, mono- and di-

heterocyelic amine, mono- and di-(substituted heterocyelic) amino, unsynmnetric di-

LA

subsiitaicd amines having different substituents selected from the group consisting of
atkyl, substituted alkyl, avyl, substituted aryl, heteroaryl, substituted heteroaryd,
heterocyelic and substitoted heterocyelic, amino groups on the substituted arvl
blocked by conventional blocking groups {(such as Boe, Cbe, formyl, and the like},
and ~SCh NRR, where R is hyvdvogoen or atkyl,
24 “Hetleroaryloxy™ refers to the group ~O-heferoaryt and “substituted
heteroaryloxy™ refers to the group -O-substituted heteroaryl.

“Heterocyele™ or “heterocyclie™ refers to a saturated or unsaturated group
having a single ring or mudtiple condensed rings, containing from | to 10 carbon

atoms and from 1 to 4 heteroatoms selected from the group consisting of nitrogen,

3
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sutfur or oxyzen within the ring. 1o fused ring systems, ong or more of the rings can
be aryl or heteroarvl,

“Substituted heterocychie” refers to heterocycle groups which are substituted
with from 1 0 3 substituents selected from the group consisting of oxe (=0), thioxe
(=8}, alkoxy. substituted allkoxy, acyl, scylamine, thiocarbonylamine, acyloxy, amine,

30 amidino, alkylamidino, thioamidino, aminoacyl; aminocarbonylaming,

-1 K-
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aminothiocarbonyvlamino, aminocarbonyloxy, aryl, substituted arvi, arvloxy,
substiteted arvioxy, arvloxyaryl, substituted arvloxyvaryl, halogen, hydroxyl, cyano.
nitre, carboxyl, carboxylalkyl, carboxyl-substituted alkyl, carboxyvi-cyvcloalkyl,
carboxyl-substituted cycloakyl, carboxylaryl, carboxyl-substituted arvl.

5 carboxviheteroaryl, carboxyl-substituted heteroarvi, carboxylheterocyelic, carboxyl-
substituted heterocychie, cycloalkyl, substituted eycloalkyl, guanidino,
guanidinosutfone, thiol, thioalkyl, substitited thicalkyi, thicaryl, substituted thicaryl,
thiocveloalkyl, substituted thiveycloatkyl, thioheteroaryl, substituted thioheteroaryl,
thioheterocyelic, substituted thioheterocyclic, heteroaryl, substituted heteroaryl,

19 heterocyelic, substituted heterocyclic, eycloalkoxy, substitided cycloalkoxy,

heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy, substituted

heterocvelvloxy, oxycarbonylamino, oxythiocarbonylamino, ~O8(03; -alkyl, ~-OS(0h,
~substituted alkyl, -OS(O); ~arvi, ~OS(0), ~substituted arvl, -OS(O)h-heteroaryl, -

QS{(); ~substituted heteroaryl, -OS{0); -heterocyelic, -OS{Q)-substituted

heterocvelic, 050 -NRR, -NRS{0): -alkyl, -NRS{G, —substituted allod, -NRS{O)»

-aryl, ~-NRS{O); -substituted aryl, -NRS(O); -heteroaryl, -NRS(O}); -substituted

LA

heteroaryl, ~-NRS{O), ~heteroeyelic, ~NRSO ) —substituted heterocychie, -NRS{OQ), -
NR-alkyl, ~NRS(O3 ~NR-substituted alkyl, “NRS{O); -NR-alkyl, -NRS(O); -NR-
substituted aryh, -NRS{(Q -NR-heteroaryl, -NRS{0 ) ~-NR-substifuted heteroaryd, -
20 NRSO) ~NR-heterocyclic, ~NRS{O); -NR-substituted heterocyehe, mono-~ and di-
atkylamine, mono- and di-(substituted atkyDamino, mone-and di-arylamine, mono-
and di-{substituted arviamino, mono- and di-hetercarviamino, mone- and di-
{substitated heteroaryDamine, mono- and di-heterocvelic mono- and di~{sabstitated

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

3
>

selected from the group consisting of alkyl, substituted afkyl, aryl, substituted aryl,
heteroarvl, substituled heteroaryl, heterooycelic and substitnied heterocyelic,
substituted alkynyl groups having amino groups blocked by conventional blocking
groups and alkyrvifsobstituted alkynyl groups substituted with  -8O; -alkyl, -S5O, -
substituied alkyl, -S5Oy -alkenyl, -SO; -substituted alkenyl, -S5Oz -cvcloalkyl, -S0» -

30 substiteted cycloalkyl, ~50; ~aryl, ~-S0O; -substituted aryvl, -80O; -heteroaryl, -S0: -

- 14
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substituted heteroaryl, -50; -heterocyelic, -8k -substituted heterocyelic or S0
NRR, where R is hyvdrogen or alkyl.

Esamples of heterovyeles and heteroaryls include, but are not limited to,
azetidine, pyrrole, imidazole, pyrazole, pyriding, pyrazine, pyrimiding, pyridazivne,

5 indolizine, isoindole, indole, dibvdroindole, indazole, purine, quinolizine,
isoquinoline, quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline,
cinnoline, pleridine, carbazole, carboling, phenanthridine, acridine, phenanthiroline,
isothiazole, phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine,
imidazoline, pipenidine, piperazine, indoling, phthahinude, 1, 2,3, 4-

19 tewahydroisogquinehine, 4, 5, 6, 7-tetrahvdrobenzolblthiophene, thiazole, thiazolidine,

thiophene, benzo[bjthiophene, morpholino, thiomorpholine, piperidinyl, pyrrolidine,
tetrabydrofuranyi, and the like.

hE3

“Heterooyelyloxy™ refers to the group -O-heterocyclic, and “sabstituted

heterocyelyloxy™ refers to the group -O-substituted heterocyclic.

LA

The details of one or more implementations of the invention are set forth in the
description below. Other featuves, objects, and advantages of the invention will be

apparent from the description and drawings, and from the claims.

DETAILED DESCRIPTION OF THE INVENTION
24 Some gvidence suggests that the pathogenesis of several simitlar multisystem
ADRs involves MHC-restricted presentation of a drag or i#s metabelites, which cither
directly bind to MHC molecules or bind to endogenous profeins, and activation of T
cells {Svensson ot al., Pharmacol. Rev,, 33(3%357-379, 20003, Skin-inftltrating CD8+

cvtotoxic T cells ware found to be dominant in the ballous reactions such as SIS/TEN

[
(v

{Hari et al,, Clin, Exp. AHergy, 31(9%1398-1408, 2001}, whereas CD4+ helper T celis
ware characteristic of milder cutancous ADRs, such as maculopapular rash {Pichler ot
al., Int. Arch. AlHlergy ol 113(31-33177-180, 1997},

1t was discovered that HLA-BFI502, HLA-B¥3801, and HLA-B*60] we
respectively assoctated with SIS/TEN induced by CBZ, with SIS/TEN/HSS induced

30 by allopurinel, and with milder cutancous ADRSs (e.2., maculopapular rash, erythema

220-
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multiforme, articaria, or fixed drug eruption) induced by CBZ. Thus, these HLA-B
atleles are useful genetic markers for determining whether a patient 15 at risk for
developing ADRs (e.g., 818, TEN, HSS, or milder cutancous ADRs) induced hy CBZ
compounds, allopurinol compounds, or drugs otherwise having similar structures
5 thereofl
CBZ, also known as Tegretol, Tegol, G-32883, Biston, Calepsin, Carbatrol,
Epitol, Finlepsin, Sirtal, Stazepine, Telesmin, or Timonil, is an aromatic
anticonvelsant, Other aromatic anticonvulsants, mcluding phenvinin (Dilantin) and
phenobarbital, cause similar ADRs as CBZ. Therefore, HLA-B* 1502 can be
10 employed to assess the risk for ADRS to these other aromatic anticonvalsants as well,
The aromatic asticonvulsants for which HLA~B¥ 1302 can be used as a risk factor also
inctude compounds or metaholites of CBZ, phenytoin or phenobarbital, Metabolites
of these drugs are known in the arnt (see, e.g., Gemnis et al., 1991 Leeder, Epilepsia,
39 Suppl, T:58-16, 1998; Naisbitt of al,, Mol. Pharmacol., 63(31:732-741, 2003), such
as OBZ-10, 11 epoxide, CBZ-10, 11-diol, CBZ- 2,3-diol, dibvdro CBZ, CBZ catechod

LA

and CBZ o-guinone, p-hydroxy phenytoin, phenytomn dibydrodiol, phenytoin catechol,
phenyioin methyicatechol, and phenytoin o-quinone.
Allopurinel is a drag for hyperuricemia and chronic gout,
The present fnvention provides a method of predicting whether a patient is at
20 risk for developing ADRs, particularly SIS, TEN, or HSS, based on the presence of
certain HLA alleles or their equivalent genctic markers in that patient,

In one example, the presence of HLA-B* 1502 in a patient indicates that the

patient is at risk for developing SIS/TEN induced by CBZ compounds, compounds

otherwise structurally similar to CBZ, or metabolites thereofl Table | shows examples

3
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of compounds that can induce SIS/TEN o an HLA-B* 1302 carrier.

Table I Drug compounds assoctated with SIS in patients with HLA-B* 1502

Names of active ingredients or the' Brand ructures of the active ingredient

Mame
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Names of active ingredients or the Brand | Structures of the active ingradient
Name
carbamazepine, Epitol, Tegretol Microtrol . /“‘““\ N
Bipotrol, carbamazeping , carbamazeping, 7 “ ,£ \;
Pharmavene, carbamazepine, Carbatrol, S W N
SPD~417 . /L%\-c
5H-Dibenzh, flazepine-5-carboxamide e
[CAS]
Oxcarbazeping, Trileptal "‘x"§\
GP-47680, GP-47779, GP-47779 MHD, . \,\w\f‘“\‘;\
‘ v ﬁ/ oy
KIN-493, oxacarbazepine, TRI-476, TRI- \ A - \ o)
477, TRI-477 {MMD), Trileptal NP, = }H
[CAS] ¢ SH-Dibenz[b, flazepina-5- B Y
carboxamide, 10,11-dihydro-10-oxo
licarbazepine q
BIA~2-083 "’““
BIA-2-005 N
[CAST ¢ (S)-(-}-10-acetony- 10,1 L -dihydro-SH- . fﬁmg ’ \;\
riibenm;‘b_.f,each:n&‘Smamuxam:c.e {‘\:Q:“)\"*:‘;"'ﬂ ,:,f
- A
modafinl, Sparion{New Formulation ﬁ,f"‘t:%: o )
drug), :%}\ ,{?,1\ /«\/,
[CAS] : Acetamide, 2- ~ :{ o
{{diphenylimethylsulfinyl}- g’ ‘t\a
LA

lu another exampe, the presence of HLA-B*3801 in a patient indicates that
the patient is at risk for SISSTEN or HSS induced by allopurinel compounds,
compounds otherwise structurally similar to allopurinol, or metabolites thereofl Table
{1 shows examples of compounds that can induce SISTTEN or HSS in patients
carryving HLA-B*5801.
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Tablell: Drug compounds associated with SIS in patients carrving HLA-B¥ 5861

Names Structure of the active ingredient

Alopurinol, Aloprim, Zyloprim, Apo-

Allopuringl, Purinol

Oxypurinol, Oxyprim "%ﬁx‘”\fﬁs\‘
[CAS] : 1H-Pyrazolol3,4-dlpyrimidine- \\ /I\Jf’%\
4,6(5H, 7H)-dione T

&

Febuxostat, TEI-6720, TMX-67

[CAS]: S-Thiazolecarboxylic acid, 2-{3- N
cyano-4~(2-methyipropoxy)phenyi}-4-~

methyl-

¥-700 NP
1-{3-Cyano-4-

neopentyloxyphenylipyrazole-4-

carboxyhc acid

maodafinil, Sparlon{New Formulation &y N
[CAS] : Acetamide, 2~ f\
[{diphenyimethyl)sulfinyl]- l\ //,:

In yet another example, the presence of HLA-B®46GT in a patient indicates
that the patient is at risk for developing mild cutaneous ADRs, e.g., macolopapalar
rash, induced by CBZ.

Other HLA-B alleles can also be predispositive for cutancous ADRs. For

example, ankylosing spondylitis is strongly associated with HLA-B27 alleles, such ax
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B2701-B*2723. (Khan, Curr. Opin. Rheumatol., 12¢4%235-238, 2000, Felthamp ot
al., Curr. Opin. Rheumatol., 13(4285-290, 2001}
The presence of a geaetic marker (e.g., an HLA allele) can be determined by
direct detection of that marker or particular regions within i, Genomic DNAs for
5 allele detection can be prepared from a patient by methods well known in the art, e.g.,
PUREGENE DNA purification system from Gentra Systems, Minnesota. Detection
of a region within a genetic marker of interest includes examining the nucleotide(s)
located at etther the sense or the anti-sense strand within that region. Methods known

in the art can be used to detect a particelar region, e.g., Sequence specific

hase’
pate]

gligonucieotides-hyvbridization | Real-time PCR, or CSSQ-ELISA (M. Hiratsukg et al,
I of Bicchemical and Biophysic. Metheds, 67:87-94, 2006).

The presence of HLA-B¥ U502 can be determined by detecting at feast two of
Regions 1-6 shown i Fig. 1. The presence of these regions can be determined by

detecting nucleotides at certain positions within these regions, ¢.g., positions 1 and 3

LA

i Region 1, positions { and ¢ in Region 2, and positions § and 3 in Region 3.
Presence of any two of Regions 1-6 indicates that the patient is an HLA-B¥13502
CAITicr.

The presence of HLA-B*3801 can be determined by detecting at least two of
Regions 1-6 shown in Fig. 2. The presence of these regions can be detarmined by
20 detecting the nucleotides at corfain positions within these regions, e.g., positions 1, 2,
and § in Region §, positions 1,4, 6, 7, 8, 15, 16, and 20 in Region 2, positions 2, 4, 3,
3, and 9 in Region 3, positions 3 and 3 in Region 4, positions 1 and 9 in Region 3, and
positions 3 and 10 in Region 6. Presence of any two of Regions 1-6 indicates that the
patient is an HLA-B¥5801 carrier.

The DNA products obtained from PCR can be detected using sequences
specific probes, e.g., hydrolysis probes from TagMan, Beacons, Scorpions; or
hybridization probes These probes are designed such that they bind to the regions of
interest, ¢.g., Regioms 1-6 of HLA-B* 1502 or Regions 1-0 of HLA-B3801. The

PCR products also can he delected by DNA-binding agenty, e.g.. SYBR® Green.

224
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The presence of an allele of inferest also can be determined by detecting
genctic markers equivalent to the allele. Genetie markers near the allele of interest
tend to co-segregate, or show a linkage disequilibrium, with the allele. Consequently,
the presence of these markers (equivalint genetic markers} is indivative of the

§ 0 presence of the allele of sterest, which, in turn, is indicative of a risk for ADR

development. Exenplary genctic markers equivalent to HLA-B*1302 include
DRBIEFI202, Ow* 0801, Cw™0806, A¥1101, and MICAY019. Exemplary markers
equivatent to HLA-B*S88] mclude A%3303, Cw* 3602, DRETMI301, and
MICA®00201.

10 An equivalent genetic marker can be of any type, ¢.g., an HLA allele, a
microsatellite marker, or a single nucleotide polymorphism {SNP marker, A useful
equivalent genctic marker is normally about 200 kb or less (e.g., 100 kb, 80 kb, 60 kb,
40 kb, or 20 kb from the allele of interest, Methods descrtbed above or known in the

art can be used to detect the presence or absence of an equivalent genetic marker.

LA

Alternatively or in addition, RNAs, ¢DNAs, or protein products of alleles of
intevest can be detected to determine the presence or absence of the allele. For
exampie, serotyping or microeytotoxity methods can be used 1o determine the protein
product of an HL.A allele.

To further increase the acauracy of risk prediction, the allele of interest andior
200 its equivalent genetic marker can be determined along with the genetic markers of
accessory molecules and co-stimulatory molecules which are tnvolved in the

o

interaction behween antigen-prosenting cells and F-celly. These genstic markers
inchude microsatellite and single nucleotide polymorphisn (SNP) markers. The
accessory and co~stimulatory molecules include cell surface molecules {e.g., CDRO,
CD86, CD2E, CD4, CDE, T cell receptor {TCR), ICAM-1, Cl ia, CD3&, D2, ete.}

and inflammatery or pro-inflaramatory cytokines, chemokines {eg, TNF-u), and

3
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mediators {e.g., complements, apoptosis proteins, enzymes, extracetular matrix
components, o1c.). Also of inferest are genetic markers of drug nietabolizing enzymes
which are involved in the binactivation or detoxification of drugs, These genetic

30 markers also include microsatellite and SNP markers, The drug metabolizing
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enzymes include phase T enzymes (e.g., cytochrome P454 superfamily ete.) and phase
H enzymes {e.g, microsomal epoxide hydrolase, arviamine N-acetylransterase, UDP-
glucuronosvi-transferase, efe.).
The present ivention further provides a method for pharmacogenomic
5 profiling. A paue] of genetic factors is determined for a given individual, and each
genetic factor is associated with the predisposition for a disease or medical condition,
including ADRs, In the present method, the panel of genetic factors includes at feast
one allele selected from the group consisting of HLA-B* 1502, HLA-B¥3801 and
HLA-B*4601. The paned can inclade two alleles or all three alleles frony the group.
10 Inaddition to HLA-B* 1502, 53801 andior 4601, the panel can include any other
known genetic factors, such as thiopurine methyliransferase and genes for the fong-
OF syndrome. The genetic markers for accessory molecules, co-stimulatory
molecules andfor drug metabolizing enzymes deseribed above can also be included.
Also within the scope of the invention is a kit containing probes for detecting

genetic markers, e.g.. HEA-BY1502, HLA-B*3801 or HLA-B*4601. The torm

LA

“probe” used herein refers {o any substance useful for detecting another sabstance.
Thus, a probe can be an oligonaclectide or conjugated oligenucieotide that
specifically hybridizes to a particular region within an allele of interest, The
conjugated oligonucleotide vefers to an oligonucieotide covalently bound to

20 chromophore or a molecules containing o higand (e.g., an antigen), which is highly
specific 10 a receptor moleenlar {e.g., an antibody specific to the antigen). The probe
can also be a PCR primer, together with another primer, for amplifying a particular
region within the allele of intevest. Farther, the probe can be an antibody that

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

3
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catn contain a probe that targets an internat control allele, which can be any allele
presenied in the general population, e.g. GAPDH, B-actin, KIR. Detection of an
internal control allele is designed to assure the performance of the kit

The kit can further include tools andfor reagents for colleeting biological
samples from patients, as weall as those for preparing genomic DNA, cDNAg, RNAs

30 orprofeins from the samples. For example, POR primers for amplifying the relevant

.
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regions of the genomic DNA may be incleded. The k#t can also contain probes for
genetic factors usefud in pharmacogenonuc profiling, e.g., thiopurine
methyliransterase.
Inone emm‘pii:a, the kit contains a first probe and a second probe, vach for
5 detecting a region selected from Regions 16 of HLA-B* 1502 or from Reglons 1-6 of
HILA-B*3801. The first and second probes target different regions. These two probes
can be a pair of PCR primers, or labeled oligonucieotides useful in hybridization
assays. Optionally, the kit can include a thivd probe for detecting an internal control
atlele. It can also include additional probes for detecting additonal regions within
HY HLA-B*1502 or HLA-B*3801
In yet another aspect, this invention provides a method of identifving a drug
compound that induces an ADR {e.g., SISATEN or HSS) in a patient carrying an HLA
altele associated with the ADR {e.g., HLA-B* 1502, HLA-B¥3801 or HL;%B*»’%{S;{}E}.

it is suggested that drugs can be presented by certain HLA complexes o activate T

LA

hemphocyies, consequently inducing ADRs, T cells reactive 1o these drugs are
suggested o be nvolved in the development of ADRs indaced by these drugs. Thus,
compounds that can activate these T cells are candidates for inducing ADRs ina
patient carrying one or more HLA alleles associated with these ADRs. As a result,
this method can be nsed as a screening method in new drog development to find ount
20 drug compounds that could mnduce such ADRs.

Genotyping can be performed oo an ADR patient to determiine whether the
patient carrtes an HLA allele associated with the disease. T bvmphocytes and antigen-
presenting cells {e.g., B cells or monocytes) can be isolated from the patient and

cultured in vitre following methods well known in the art. (Naishitt DI, Mol

3
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Pharmacol. 2003 Mar03(31732-41 , Wu et al, } Allorgy Clin bnmunel, 2006

Jub TIB(10233-4 1. E-published on 2006 Apr27). B cells so fsolated can be
transformed by Epsiein-Bar virus 1o generate B cell lines. T cells reuctive to a drug
can be expanded in the presence of both the drug and autologous antigen-presenting
cells, The expanded T celly can then be exposed to & fost compound in the presence

30 of autologous antigen-presenting cells to determine whether the test compound can
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activate the T cells. 1 so, the test compound is 4 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
adequately enabled the present mvention. The following examples are, therefore, o
5 be construed as merely lustrative, and not limidtative of the remainder of the
disclosure in any way whatsoever, All of the publications cited herein are hereby

incorporated by reference in their entirety.

EXAMPLE 1. Detection of HLA-B*1502 and HLA-B*3R01 Using Real-Time PCR

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

of PCR primers cach targeting Regions 1 and 5, Regions 1 and 4, or Regions 1, 3 and

b

4 of HLA-BH 1502 {see Fig. 1} were synthesized. In addition, one pair of primers

targeting Regions 2 and 4 of HLA-B¥5801 {sce Fig. 2) were synthestzed, The

targeted regions were amplified and detected using SYBRY Green Real-Time PCR

LA

system (Applied Biosystem). Briefly, the primers, the genomic DNAs, and the Powar

SYBRY Green PCR master mixture (included fo the real-time PCR system) were

mixed together and the PCR was carried out by: (i) activating polymerase at 957 C for

10 minutes, {11} denaturing at 95° C for 15 seconds and anpealing/clongating DNA

chains at 71 &, (i)

20 denaturing/anncaling/clongating, and (iv) disassociating the amplified product from
its template at 95° € for 15 seconds, and 60° C for | miute. PCR amplification of &
killer-cell immunoglobulin-ike receptor (KIR) was applied as an internal countrol.

The presence or absence of HLA-B* 1502 or HLA-B¥*S801 in a patient was
determined based on the Ct value of HLA-B* 1502 or HLA-B*5801 and the difference

25 of Ctvalues (AT value) between HLA-B*1502/HLA-B*3801 and KIR, The Ct value

{threshold eyele) is determined by identifying the cyele nurnber at which the reporter

dye emission intensity is above background noise.  The threshold cyele is determined

at the most exponential phase of the reaction and is more reliable than end-point

measurernents of accumulated PCR produets ased by traditional PCR methods. The
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threshold evele is inversely proportional to the copy number of the target template, the
greater the template number, the lower the threshold eyele measured.
170 genomic DNA samples extracted from human B cell lines and 35 genomic
DNA samples prepared frons human blood or saliva wers tested for detecting the
5 presence of HLA-B* 1502 following the method deseribed above, The Cf values of
HEA-B¥1502 and KIR were i 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, 13 gDNA with
HEA-B¥*1302 were present and were verified by Dynal S8Q kits, and the results
10 indicate that both the sensitivity and specificity of this method reach »99%,.
170 genomie DNA samples extracted from human B cell lines and 87 genomic
DNA samples prepared from human blood or saliva were tested for detecting the
presence of HLA-B*3801 following the method described abhove, For DNA samples
derived from HLA-B*3801 positive patients, the C values of HLA-B¥3801 and KIR
1S were in the range of 22-28 and 10-26, respectively. The HLA-B*5801 were
recognized as posttive when the range of ACH betwees HLA-B*S801 and KIR was
smalfer than 7. For DNA samples derived from HLA-B*3801 negative patients, the
Ct valae of HLA-B¥3801 was about 34 and the ACHwas greater than 13, In all the
samples, 51 gDNA were found HLA-B*S801 positive and were verified by Dynal
23 SSO ks, These results indicate that both the sensitivity and specificity reached

NG

EXAMPLE 2. Detection of HLA-B¥ 1502 and HLA-B¥380 Using CSSO-ELISA

The procedures for carrying out CSSQ-ELISA are outlined in Fig. 3.

=3
A

In general, using genomic DNAs as templates, PCRs were conducted o
produce products which contain the specific regions sbown in Figure 1 or Figure 2.
Either the Forward primner or the Reversed Primer was labeled with a Ligand T{LD),
which was recognizable by the Molecular | linked with an enzyme { e.g. HRPY The
PCR reactions were designed and condusted o produce the products containing one

30 or move specific regions, Lo, Regions 1-6 of HLA-B*1302 or Regions 1-6 of HLA-~

G-
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B*S801. Two compelitive sequence specific oligonucleotides {CI80O and TSSO2)
were designed. CSS01T specifically recognizes one of Regrong 1-6 of HLA-B*1502 or
Regious -6 of HLA-B*3801, and 8802 was designed to prime o the common
type of HLA-B*13 {Le, non-B¥1302 alleles or non-B*-3801. The CSS0O1 was

5 labeled with Ligand 2, which is recognizable by Molecular I coated onto 8 reaction
plateor strip. The PCR products thus obtained were hybridized with the two U880
on the reaction plate or a strip . After washing away any free molecule, substrate of
the enzyvme was added 1o the reaction plate. The enzymatic reaction, signaled by the

presence of a color, is indicative of the presence of HLA-B#1502 or HLA-B*380G1.

EXAMPLE 3. Correlation Between CBZ-induced SIS/TEN and HEA-B* 1502

A total of 238 ADR patients (Mongolotds or Mongoloid descendents) were

recruited cither from Chang Gung Memorial Hospital ov from several other medical

centers throughout Taiwan for this study.  Theilr drug-taking history including dosage

=
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and duration, and the phenoiypes of ADRs were recorded. The diagnostic oriteria of
chinical morphology were defined according to Roujeaq, L Invest Dermatol.,
(03 285-308, 1994, For example, SIS was defined as skin detachment of less than
10% of body-surtace arca, overlap SIS-TEN as skin detachment of 10-30%, and TEN
as groater than 30%. SIS, overdap SIS-TEN and TEN are coltectively referred {o as
20 SISITEN

For cach patient, the suspected drug was withdrawn and the patient observed
for symptoms, Patients who developed a cutancous ADR that did not subside upon
withdrawal of the drug were excluded.

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

3
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SISITEN and 126 paticnts had 3 milder bypersensitivity roaction 0 various drags.

Among the 112 SISSTEN pationts. 42 were exposed to CBZ (tegretoly, 17 had taken

altopurinol, and 33 were under medications other than CBZ and aliopurinol.
73 tegretol-tokerant patients were included as controls, Volunteers from the
weneral population of Taiwanese {n= 94; age range: 20 o 80 vears) wire alsa

30 recruited. The study was approved by the iastitutional review board, and informed
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consent was obtained,

All of these patients were subjected 10 genotyping. Briefly, reagents for
performing a reverse line blot assay using sequence-specific olizonucleotide (S8Q)
ware purchased from DYNAL Biotech Lid. (Bromborough, UK} PCR products were
generated using biotinylated primers for the second and the thivd exons of the HLA
clags 1 or class 1 loct, and then hybridized to a line blot of 880 of probes
immobilized on a nvion membrane, The presence of biotinyiated PCR produet bound
to a specific probe is detected using streptavidin-horseradish peroxidase (HRPY and a
chromogenic, solable substrate to prodece a bloe “hine” at the position of the positive
probe. The probe reactivity pattern was interpreted by the genotyping software Dynal
RELI™ SS0 (DYNAL Bictech Lid.; Bromborough, UK}, Potential ambiguities were
turther resolbved by sequence-based typing and DNA sequencing performed according
to the IHWG Technical Manual (Tnternational Histocompatibility Working Group),
seg Genomic Analysis of the Human MHC DNABased Typing for HLA Alleles and
Linked Polymorphisms. Marcel (G Tilanus, Editor in Chief, ISBN No. 0-945278
2-0.

To some patients, SNP genotyping was performed using high throughput
MALDI-TOF mass spectrometry, Briefly, primers and probes were designed using
the SpectroDESIGNER software (Sequenom, San Diego, CA, USA). Multiplex
polymerase chain reactions {PCR) were performed, the unincorporated dNTPs were
dephesphorylated using the shrimp slkaline phosphatase (Hoffman-LaRoche, Basel,
Switzerland}, followed by primer extension, The purified primer exiension reaction
was spotted onto a 384-clement siticon chip (SpectroCHIP, Sequenom), analyzed
using a Bruker Bitlex I MALDETOF SpectroREADER mass spectrometer

{Sequenom) and spectra processed with SpectroTYPER {Sequenom),

Allele frequencies in the different groups were compared by the Chi-square
method with Yates correction by constructing 2x2 tables, P values were corrected for
comparisons of multiple HLA alleles (P} by multiplying the raw P values by the

ohserved number of HLA alleles present within the foei, (Odds ratios were calculated

t

2ad

P
f
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with Haldane's modification, which adds 0.5 1o all cells to accommuodate possible
FLOrO SOUMS.
As shown in Table 1, a DNA variant allele in the HLA-B locus (HLA-

B*1502) was associated in patients with drug-induced SISITEN, particularly in

3 patients receiving UBX {tegrefol).

Table 1. HLA-B*1382 frequency in 42 Taiwanese patients having CBZ-induced

SIS/TEN
10

fantc " et bt ’ Odds
Allele Patients  Conbrodst®  Conbrols2d  Conlrols3® K2 Ratic P
N=42 N=142 N=94 N=73
B 1802 42(100%;  9{6.3)% 18728 113447 360w

RS0 42 (100%) 5 {5.3%) 100198 13832 21502
B1502 42 (100%) 4% 98BS 1712 Gixiow

= patients who had milder ADRs other than S48
& general Talwanase population
¢, patients who are CBZolerant
X%, Chi-sguare with Yaies corection
15 P, calculated by mulliphdng the raw P vaiues by the observed number of HLA-B alleles {35},

HLA-B*1502 was detected in 42 of 42 (100%) SIS/TEN patients who
received UBZ. The allele was also found in 17 of 53 (329%) SISSTEN patients who
recetved ofther deugs €8 phenyimn, 2 allopurinet, 2 amoxiciltin, 1 sulfasalazine, |

20 ketoprofen, 1 Ibuprofen, and 2 unknown drugs). Particularly, 8 of 17 patients
{47.05%) who developed SIS/TEN after taking phenytoin also carried the HLA-
8¥1502 allele. On the other hand, the allele was only found in 4.1% (3/73) of the
CBY-tolerant group, 0% (0/32) of the phenyloin-tolerant group, 6.3% (9/142) of the
patients who had milder ADRs other than 8JS, and 5.3% (5/94) of the general

25 population. By using the folerant group as a controd, the odds ratie, sensitivity,
specificity, positive predictive value, and negative predictive value for B*1502
associated CBZ-induced SISATEN, were 1712, 100%, 95.80%, 06.0%, and 1008,

respectively, With such a high predictive value and sensitivity, typing of this HLA-B
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aflele can be used in identifying high-risk patients for drug-induced SISSTEN,
particalarly CBYZ or phenytoin induced SIS/TEN.

The mild ADRs induced by UBZ was foond to be associated with another
alfele, HLA-B*4601. 10 cut of 16 (62.5%) of the patients with these milder reactions
to UBZ had HLA-B®601. o contrast, the allefe was ooly found in 26% (19773 of
the CBZ-tolerant group. The odds ratio for B¥4601 associated CBZ-indoced milder
cutancous ADRs was 473, Consequently, HLA-B*4601 can be used in the risk

assessment for mild cutancous ADR induced by CBZ.

Table 2. Phenotype/genotype data of patients having CBZ-induced cataneous
ADRs

1D

Suspected drug

Phenotvpe

HLA-B Genotype

Carbamazepine

B*IS02/B*3802

2 Carbamazepine 518 B*1302/B*3501
3 Carbamazepine SIS B¥1302/B*4006

Carbamazepine

B¥I302/8%3802

L5

Carbamazepine

BFIS02/B%3802

5

carbamazepine,
phenvioin

BHS02/B¥I802

Carbamarepine

B¥1302/8%4001

Carbamazeping

B*1502/8%3901

Carbamazeping

BF1502/8%5801

Carbamazepine

Carbamazepine

BR502/8%1525

12 Carbamazepine \23% BA1302/B¥4002
13 Carbamazepine 1538 BHIS02/B*006

Carbamazepine

BEISOZ/B* IS0

LA

Carbamazepine

{Overlap SIS/TEN

BEI3OIBEIs0

16

Carbamazepine

{Overtap SIS/TEN

B*IS02/B*3501




WO 2007/134235

PCT/US2007/068782

Suspected drug

Phenotype

HLA-B Genotype

N 'y =3 s A 5
Carbamazepineg

SIS

B¥I502/8%3802

Carbamarepine

B*1302/B%4601

Carbamareping

BRI301/B%]302

Carbamazepine

BEIS02/B¥3801

21 Carbamazepine BH1502/8%4601
Carbamazepine, lorc : .

27 : | $ ¥ )

22 NSAID 3635 B¥I502

23 Carbamazepine SIS BRISO2/BYIS0E

Carbamazepine

B*1502/8%4601

23 Carbamazepine 18IS B¥I502/B%4601

26 Carbamazepine 1SIS B*15302/8% 5801

27 Carbamazepine 18IS BRISOI/B IS0

28 Carbamazepine 18IS B¥1502/B*4001

29 Carbamazepine SIS B¥I502
carbamazeping,

30 meloxicam, sulidanc, |88 BE¥IA02/B*5801
phenytoin ?

34 Carbamazepine SIS B¥1502:4601

32 Carbamazepine SIS B*1302/3801

33 Carbamazepine %838 B*1502/4801

Carbamazeping

lsJs

B*1502/5502

Carbamazepine

isJs

B*1502

carbamazepine,

sus

B*1502/4002

phenyvioin

phenyioin
37 Carbamazeping NS B*1502/4001
38 Carbamazepine SJd8 Br1502
19 carbamazepine, S48 B*1502

Carhamazepine

{Overlap SIS/TEN

B15602/4001

Carbamazepine

{Overfap SISITEN

B"1502/4601
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b Suspected drug il’henot}-‘pe HLA-B Genetype
42 Carbamazepine 348 B*1502/3802
43 Carbamarepine macuiopapalar rash B¥3R01/B8%4601
44 Carbamazepine %er},-‘thema multiform B*4001/8%4601
45 Carbamazepine %macuin)pagmiar rash BHI301/B¥4001
40 Carbamazepine \ nd angioedema BY4601/B¥3401
47 Carbamazepine maculopapular rash B*4001/B%4601
43 ;zri?;?dchmc gmacuiupapuiar rash B*4001/8%4001
49 Carbamazepine macutopapular rash BE{301/B¥SS62
S0 Carhamazepine gsn“‘;;;'ii’ii oral and BE4601/B*3401
51 Carbamazepine Macualopapular B*4601/ B3RO
32 Carbamazepine i.i‘md angioedema B*4001

33 Carbamazepine imacuir_wpapuiﬂr rash B*4001/B*5104
34 Carbamazepine itmmimpapu lar rash B¥1301/4001
33 Carbamarepine maculopapular rash B¥4001/8%4601
56 Carbamarzepine %eryfthema multiform BF601/875401
37 Carbamazepine %macuh‘;papulm rash B*4601

S8 Carbamazeping erythema mualtiform B*4601/5101

EXAMPLE 4. Correlation Batween Allopurinol-Induced SIS TEN and HLA-B*3801

HLA-B¥3801 was found 10 be associated with allopurinelinduced

SIS/TEN. This HLA-B allele was found in all 17 (100%) SJS/severe ADR patients

treated allopurinol (Tables 3 and 4), but was found in only 18% of the general

Tatwanese population (odds ratio 133, sensitivity 100%, specificity 82%, positive

predictive value §4.7%, negative predictive valae 100%, Pe=3.7x107). These

results suggest that HLA-B*5801 is a useful genetic marker, cither alone or in
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combination with other genetic markers, for assessing whether a patient taking

allopurinol is at risk for developing SISSTEN,

Table 3. HLA-B*35861 frequency in 17 Taiwanese patients with allopurinol-
induced severe eataneous ADRS

Allsle  Patients Controls1e Controls2t X odds ratio Fe
n=t? n=t42 n=54

B*5801 17 {160%:) 26(18.3%) 472 153868 PRESHEE

B*5801 17 {(100%) 17 {18.0%) 417 155 37x10%

3, patients who had ADRs ofher than allopurinohinduced cutaneous ADR

® general Talwanese population

A7, Chi-sguare with Yales correction

Pe, cafculated by multiplying the raw P values by the observed number of HLA-B allelas (35},

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

cutaneous ADRs

Patient 1D Suspected drug | Phenotvpe HLA-B Genotype
Y atlopurinol SIS B*0705/B*3804
6U atlopurinod SIS B*4001/B* 3801
61 atlopurinol SIS B*1554/B%3801
62 atoparmol SIS B*3001/B¥3801
63 altopurinol SIS BA5ROL

64 allopurinod SIS B*3901/3%5801
635 allopurinol SIS BH3001/B%5R01
66 alloparinot SIS BH400{B*5801
67 Allopurinol Si8 B*1502/8%5801
68 atlopurinod SIS B*4001/B¥5801
64 allopuring} SIS and vasculitis on leg B¥4001/B* 3801
H allopurinol KIS, and lHchewoid B¥4001/8%3801
71 atlopurinol SIS B*4002/B%5801

36
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Patient ID  Suspected drug | Phenotype HLA-B Genotype
72 allopurinot SIS B*400/B*5801
73 alloprino] SIS B*3{01/B*5801
74 atlopurinod TEN B¥1301/5801
75 alloprinol SIS B*3801

EXAMPLE 3, Correlation between HLA-B*35801 and Allopurinol-induced HSS

HLA-B*3801 was also found to be linked to allopurinol-induced HSS, which
includes cutaneous rash (e g, diffuse macaopapudar, exfohative dermatitis), fever,
cosinophilia, atypical circudating lymphooytes, levkocytosis, acute bepatocetldar
injury, or worsening renal function (Arellane et al., Ann. Pharmacother., 27:337,
19933,

31 patients were studied, among which 21 bad 838, 3 SISTEN, I TEN, and
F5 HSS. In all envolled cases, allopurinol was regarded as the offending drug if the
onset of ADR syndromes oceurred within the fivst 2 months of allopurinol exposure
and the ADRs symptoms disappeared upon withdrawal of the drug. Patients with any
of the following conditions were excluded: ahsence of symptoms alfer re-exposure to
allopurined, and patients with milder skin cruption who did not meet the criteria of
HSS, SIS or TEN,

The onset of HSS symptoms for all of the 31 patients was within the first 2
maonths of allopurinel exposure and 2 patients bad a second attack within 2 days of re-
exposure 1o allopurinel. Twelve patients received other drug(s) in addiion to
allopurinol, but their medical records revealed no ADRs when these concomitant
medications were taken without allopurinol. Al patients had hyperuricemia andfor
gouty arthritis, as well as other chronie iinesses, inchuding hypertension (14/31),
chronic renat discase (16731}, and diabotes (9731

Ninety-cight goaty arthritis patients who had been on allopuninel for af keast 6
months {mean= 3§ months, range= 6-107 months) with no syndromes of ADRs were

included as the allopurinol-tolerant control. The sex distribution of tolerant group is
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comparable to general prevalence of gout in Chinese people. Furthermere, 93 normal
subjects served as the normal control group, The demographic variables of these 3

groups are shown in Table 5.

Table 5. Demographic variables, dosage and duration of allopurinel exposure in
severe ADRs patients, tolerant patients, as well as normal subjects

S“:;i;;?m Tolerant (n=98) Nﬁmg}ng;)‘wﬂﬁ

Sex

Male 12 89 52

Female 19 9 41
Age {vears)

Median (range) ST {1891 37.3(21-84) 3382291
AHlopurinol desage {mg/day)

Median {range) 1433 (30-300) 159.2 (100-400) None
Dauration of allopurinel exposure

Mediao (range) 8.2 days {1-36) 38 months {6-107) Nose

HLASRB*S801 allele was present in all 31 (100%) of the patients having
allopurinol-induced severe ADRs, in 16 {16.3%) of the 98 allopurinoi-tolerant
patients (odds ratio 313, Pe < 1 O‘ESL and in 19 (209%) of the 93 normal subjects (odds
ratio 241, Pe <107, Relative to the allopurinol-tolerant group, the ahsence of
HLA-B*5801 had a negative predictive value of 100% for allopurinol-induced
ADRs, and the presence of this allele had a posttive predictive value of 66%.,
Accordingly, HLA-B*380] 3¢ a useful marker with high specificiy {84%} and
sensitivity (130%%) for allopurinobinduced severe ADRs, incloding cutaneous ADRs
{e.g., SIS/TEN or HSS) and alfopurinol-induced DRESS {(drug reaction with

gosinophilia and systemic symptoms),

EXAMPLE 6, Genetic Markers Equivalent fo HEA-B* 1302 or HLA-B*S80]

Genetic markers near an HLA allele of interest tend 10 co~-segregate, or show a
linkage disequilibrionm, with the allele of interest. As a vesult, the presence of these

markers {cquivalent genetic markers) is indicative of the presence of the allele.

PCT/US2007/068782
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To test the incidence of potential equuvalent genetic warkers in patients with
ADRs, several markers in the HLA-B¥*1502 haplotype were determined for their
association with ADRs. Indeed, HLA markers of the HLA-B¥ 1302 haplotype, such
as DRBI*1202, Cw™0801, Cw*0806, A*1101, and MICA*019, had a significantly

LA

high frequency i SISSTEN patients who had been exposed to UBZ (Table 6}
Markers associated with HLA-B¥3801 were also determined. Allele
distribution was analyzed in 4 patients who were homozygous for HLA-B¥S801 and

the ancestral haplotype of this allcle was defined as incloding HLA-A®3303,
Cw*0301, B¥5801 and DRBIFO301. This ancestral haplotype was presented in 12
T {38.79) of the 31 allopurinol-ADRs patients (Table 7), but only in 7.1% of the

tolerant patients and 9.7% of the normial subjects.

Table 6. Correlation between markers of B*1302- ancestral haplotypes and
ADRs

CBE ORY CRZ Allopuringl General
SISSTEN Milder Tolerant SISTTEN Population
(n=42) (=16} {1¥73) (¥ 17 (n=04)
HLA-B¥ 1502 42 (10885 | {0 3{4.1%) 1 {5.8%%) S{5.3%)
HEA-CwW*0801 35 {90%) N 1 {13.7%) U 0106
HLA-CwWHOR06 34{7.1%0) N 3 {0%) & (i) O (190}
HLA-A™IO 31 {73.8%%) ND ND ND 2% {29.8%%)
HLA-DRBI*1202 38 {83.3%) ND ND ND 19 {20.2%)
15

Table 7. Freguencies of individual or combined loci of HLA-B*3881 ancestral
haplotype in patients with allopurinol-induced severg ADRs, allopurinol-telerant
patients, and in normal subjects

20

Alopuriaot- Aleapurinol- Normal
ADHs tolerant Subjeets
(=31} {n=98) =93}
B*s801 31 {1009 16 (16.3%)" 10 (20,45
CwH(302 29 {9330 15415.3%) 19420 4%)
A¥IZ3 2064 5%} 18 {18.4% 20 {21.5%)

-3G-



WO 2007/134235 PCT/US2007/068782

DREBI*301 2167 e} 14 {14.3%) 14415, 1%%)
B¥EROL, w302 29 {915%) 15 {15.3%%; §9{20.4%0)
BRSO, CwH0303, AYI3GE 20 {64.3%6) PI{I3.5%) 16 ¢17.2%)
BEIROL, Cw 0302, DRBIMOM) H (0] 3%} Q{92%) FG{10.8%)
B3RO, Cw™0303, A¥3I303, DRBIFO3 12 (3R, 7%} F7.1%%) 7 {9.7%0)

" Odds mtio {Allopurinel-ADRs Tolerad): 315 (85% I, (8.3-5409.5), po= 7.5 x 10°°

* Odds ratio {AHopurinol-ADRs Normalk 241 (953 O, #0411, pe= 60 x 1077

MHC markers associated with HLA-B*S801 were also determined using short
tandem repeat polvmorphism assay (STRP).  Briefly, twenty highly polymorphic

5 oicrosatellite markers focated in the MHC region were selected from NCBI database

{ie, DON23E, DES2U72, DOSSH), 68265, DOS3ER, DES2814, HLAC_CAL,
HLABC CAZ, MIB, MICA, TNFd, BATZ_CA, DOS273, DeS1615, DOQCAR,
GS1T152, Des2414, DASIRGT, 651564, and D6S1583). The sverage heterozygosity
of these markers was 0.72 with an estimated spacing of 23kh.

10 Privners were designed based on the sequences of these markers deseribed in
the database. PCRs were carried out to amplity and detect the presence or absence of
these markers in patients using GeacAmp 9700 thermocyclers (Applied Biosystems,
Foster City, CA, USA) (in a S-ul volame containing 10 ng of genomic DNA and 0.33
uM of each primery. Up to 6 PCR products having appropriate sizes and displaying

15 fluorescent signals were pocled before capiltary gel electrophoresis. The size of
polymorphic amplicons was determined by electrophoresis of ABI 3730 DNA
sequencer {Apphied Blosystems), using the LIZ500 size standard as an internal size

standard {Applied Biosystems). Allele sizing was caleulated using the GENMAPPER
program version 3.0 (Applicd Biosystems). Allele calling and binning were

20 performed using the SAS program, Theee CHEPH control individuals (1331-01, 1331-
{02, 1347-2) and H20 were included in all genotyping experiments for quality control
PUTPOSES.

An allele bloek located between HLASC and TNFd  was found in the

altoparinobinduced ADR patient group, but not in the allopurinol-tolerant group,

-4
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using a hnkage disequiltbrium plot. In this block, a haplotype (MIB*3538-MICA 206~
TNFd* 140 near the HLA-B allele was identified. The association of this haplotype
with ADRs is consistent with the association of HLA-B*5801 with the same ADRs

{p=0.0018). By using STRP markers and sequencing of the MICA allele, all

LA

alfopurinol<unduced ADR patients were found to carry the same B aliele (B¥3801 ),
MICA aliele (MICAYD0201 ) and TNF STRP marker (TNFd*140). Except for one

patient, all others were also found o carry the same MIB marker (MIBE*338).

EXAMPLE 7. Cross-Reactivity of CBZ-Reactive T Cells to Oxecarbazenine and
10 Licarbazepine

Two patients having CBZ-induced SIS/TEN were vecruited from Chang Gung
Memorial Hospital, One of the patiests carried HLA-B¥1502/B*4601, the other
HLA-BFE502/B*5101. Genomic DNAS were extracted from the patients using
PUREGENE DNA purtfication system (Gentra systems, Minnesota, LSAY. The HLA-

15 B alleles were verified using sequence-specific oligonucleotide reverse line blots
{DYNAL Biotech Ltd., Bromborough, LK)

Peripheral blood mononuclear cells (PBMGCs) were isolated from the patients
by Ficoll-lsopague (Pharmacia Fine Chemicals, Piscataway, NB density gradient
centrifugation. A portion of the PBMCs were transformed by Epstein-Bar virus to

20 establish autologous B-cell fines,

T cells reactive 1o UBZ were expanded as deseribed below, PBMCs prepared

from the patients were cultored in complete RPMIE medium containing 10% heat-

inactivated human seram, 1L-2 (2507/ml), and CBZ (25 ng/mbiSigma) tna 37°C, 5%
(O incabator for 7 days. The T cells were then expanded by co-culturing with
25 iradiated (30Gy) antologous B cells in the presence of CBZ for 10 days. After 2
eveles 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 thetr cross-reactivity to compoands
e.&., CBZ 10, 11-epoxide. Oxcarbazepine (brand same: trileptal), , Licarbazepine, and
30 sunfindac. Briefly, T lvmphocytes (5x10° cells) were mixed with autologous B cells

ceo oyt . - % 4 -« P VR o N o e . e .
{(Sx Y cells) in 200 uwd RPMI medium containing [0% FBS in the presence or absence

A1~
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of a test compound. The cells were then incubated for 24 hours in the wells of an
ELISPOT plate coated with anti-interferon v anttbodies (Millipove). After incubation,
the supernatant of the cell culture was collected snd interferon-y contained therein was
detected using antibody-mediated methods known i the art,

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

to CBZ 10, 1 -epoxide, Oxcarbazeping, and Licarbazepine, but not 1o Sulindac.

OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined in any
combination. Each feature disclosed in this specification may be replaced by an
alternative feature serving the same, equivalent, or similar purpose. Thus, anless
expressy stated otherwise, each feature disclosed is only an example of a generic
series of equivalent or simitar features,

From the above deseription, one skilled in the art can easily ascertain the
essential characteristivs of the present invention, and without departing from the spirit
and scope thereof, can make various changes and modifications of the invention to
adapt it to various usages and conditions.  Thus, other embodiments are also within

the scope of the following claims,

42
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What is clatmed is:

R A method of determining whether a patient carries HLA-B*1502, the
method comprising:
5 detecting a first region selected from a group consisting of Regions 1-6 of
HLA-B¥*1302,
detecting 8 second region selected from a group consisting of Regions 1-6 of
HLA-B¥I502, and
determining whether the patient carries HLA-B* 1502, the presence of both
10 the first region and the second region indicaling that the patient carries HLA-B®1502.
2. The method of claim 1, wherein the detection of Region 1 is achieved

by identifying the nucleotides at positions 1 and 3 therein,

{5 kR The method of claim 1, wherein the detection of Reglon 2 s achieved
by identifying the nucleotides at positions 1 and 6 therein.
4, The method of claim 1, wherein the detection of Region 3 is achieved
by identifying the nucleotides at positions 1 and 3 theremn.
20
5. The method of claim 1, wherein either the fiest region or the second
region iy detected by CSSO-ELISA or Real-Time PCR.
6, A method of determining whether a patient carries HLA-B*1502, the
2% method consisting essentially off

detecting a fivst region selected from 2 group consisting of Re

HLA-B¥1502,

aions 1-6 of

=

detecting a second region sclected from a group consisting of Regions 1-6 of

HLA-B*I502, and

43~
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determining whether the patient carries HLA-B¥ 1502, the presence of hoth the

first region and the second region indicating that the patient carvies HLA-B¥1302.

3 7, The method of ¢laim 6, wherein the detection of Region | is achieved
by identifying the nucleotides at positions 1 and 3 therein.
8. The method of claim 6, wherein the detection of Region 2 is achieved
by identifying the nucleotides at positions 1 and 6 therein,
10

9, The method of claim 6, wherein the detection of Region 3 s achieved

by identifying the nucleotides at positions | and 3 therein,

13 The method of claim 6, wherein the region 1s detected by CSSO-

15 ELISA or Real-Time PCR.

i1 A kit for determining whether a patient carries HLA-B* 1302, the kit
COMPrISING:

a first probe for delecting a first region selected from the group consisting of

e

)

Regions 16 of HLA-B*1502, and
a second probe for detecting a second region selected from the group

comsisting of Regions 1-6 of HLA-B¥1502,

12, Thekitof claim 1, wherein the kit further comprising a third probe

25 for detecting an mternal control allele.

13, Thekitof claim H, wherein the fivst and second probes are

oligonueleotides.

30 14, The kit of claim 13, wherein the oligonucleotides are a pair of primers.

34~
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15, A three-probe kit for determining whether a patient carries HEA-
B*1502, the kit comprising:
a first probe for detecting a region selected from the group consisting of
Regions 1-6 of HLA-B*1502,
5 a second probe for deteeting a second region selected frons the group
consisting of Regions 1-6 of HLA-B¥{302, and

a third probe for detecting an internal control atlele.

16, A method of determining whether g patient carries HLA-B¥5801, the
10 method comprising:

detecting a first region selected from a group consisting of Regions 1-6 of
HLA-B*S80H,

detecting a secnind region selected from a group consisting of Regions 1-6 of

HLA-B¥3R01, and
15 determining whether the patient carries HLA-B¥3801, the presence of both the

first region and the second region indicating that the patient carries HLA-BYSE0L.

17. A method of determining whether a patient carries HLA-B*35801, the

method consisting essentially oft

26 detecting a fivst region sclected from a group consisting of Regions 1-6 of
HLA-B¥3R01,
detecting a second region selected from a group consisting of Regions 1-6 of
HELA-B¥SR0T, and
determining whether the patient carries HLA-B¥3801, the presence of the first
25 region and the second region indicating that the paticnt carmes HLA-B*S801

18, A kit for determining whether a patient carries HEA-B*3801, the kit
COmprising:
a first probe for detecting a first region selected from the group consisting of

3 Regions 1-6 of HLA-B*S801, and
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a second probe for detecting a second region selected from the group

consisting of Regions 1-6 of HLA-B*S801,

19, A three-probe kit for determining whether a patient carries HLA-
§ 0 B¥3R01, the kit comprising:
a first probe for detecting a first region selected from the group consisting of
Regions 1-6 of HLA-B*5801,
a second probe for detecting a second regions selected from the group

consisting of Regions 1-6 of HLA-B*3801, and

10 a third probe for detecting an internal controd allele,
20 A method of determining whether a compound is a candidate that induces an

adverse drog reaction (ADR} i a patient carrying an HLA allele associated with the

ADR indoced by g drog, the method comprising:

V]

isolating T cells from an ADR pationt carrving an HLA allele associated with
the ADR,

expanding T cells reactive o the drug,

isolating antigen-presenting cells (APC) from the patient,

contacting the expanded T cells with a compound in the presence of the APC,
20 and

examimng whether the compound activates the expanded T celks,
wherein a compound that activates the expanded T cells is a candidate that induces the

ADR ina patient carrying the HLA allele associated with the ADR,

. 7.
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