
WO 2007/134235 PCT/US2007/068782  HLA ALLELES
ASSOCIATED WITH ADVERSE DRUG REACTIONS AND METHODS FOR
DETECTING SUCH  CROSS-REFERENCE TO RELATE.) APPLICAI
IONS This application claims the. benefit of U.S.
Patent Application No. 60/800, 121.  5 filed May 1 1,
2006, the content of which is incorporated herein by
its enntiaety.  BACKGRO1. NI? An adverse drug reaction
(A1?R) is an undesired and unintended effect of a
drug. In particular, an adverse drug reaction occurs
at doses used for prophylaxis,  10 diagnosis or
therapy. According to a widely cited meta-analysis,
.ADRs were ranked  etw'een the fourth and sixth most
common cause of death ((:ararou et at. .IA:?~MA.,
179(15):1200- 1205, 1998). Cutaneous ADIRs account for
about 2-3% of all hospital  admissions (Big.~hy et at.
JA MA 2156(224),3358-3363t 1986). They range fron-.f
mild  m aculopaprrlar (till), with increasing
severity, to life-threatening ADRs, such as 15
hypersensitivity syndrome (1155) . Stevens-Johnson
syndrome. (S.1S') and toxic  epidermal aaeerolysis TEN
Lyell's syndrome). The mortality rate of the latter
Can be.  aas high as 40%. HSS is characterized by
multi-organ involvements (e.g. hepatitis or
nephritis.)  accompanied with systemic manifestations
(e.g. fever. arthragis, cosmophilia and. 20 l a
apfitca e~4aa31 <~thy in additional to skin rashes
(Routjeau et al., N, Engl. J. ied.,  331:1272-1285,
1994), SJS and'I'E.N- are hypersensitivity  disorders
characterized by rapid development oMistering
exanthema of purpuric  macuies and target-like
lesions, accompanied with nttucules involvement and
skill  detachments (Roa.njenu et at, J Invest
Dern-aatol, 1994, 102'285-30S'). They are caused 25
mostly by drugs, such as sulfonamides,
anticonvuisants, allopurinol, nonsteroidal anti-
inflammatory drugs, and aantinaalarials (Routjeau et
at., N. Engl. ;1, Nled.,  333(24):1600-1607, I.995).
In `. aiitan, anticonvulsants e.g CBZ, phenytoin and
phenobarbital) and a3.lopur lac}l are 1 e mcast
common. drugs causing SJS EN. Recent developments of
alaaaanatacog nonaics have implied that the 30
susceptibility to ADR.s is associated with particular
genetic alleles. .For example. WO 2007/134235
PCT/US2007/068782  



genonlic poly ra~:t rl l isms of the th-iopurine meth
itranc r i.s~ gene were :foLind to be  closely related
to .A.1.'3Rs induced by arathiopritte, a drug for
rheumatologic diseases or  cancer (Yates et al., Aim.
Intern Med. 126(8):608-61$, 1997). It is also
suggested that the susceptibility to SJS T R' 1-1SS
induced by certain drugs is a emetically 5 determined
(Gerrrtrs MA, Am..1 "'Fed.. 91(6):63 1-634, 1991,
Edwards SG, Postgrad.  led, J., 75 ("SS9):6S3-68i.
1999). Vlm ever, the exact responsible genetic  a tors
havv yet to be idetatifed. 'T'hese pha.t rrtaco geno
iics steadies suggest that detecirtg.ADRrassociated
alleles in a patient is a useful aapproac r for
assessing whether that patient is at risk for  10
developing ADRs. This kind of molecular diagnostics
certified by Clinical Laboratory Improvement
Amendments is now offered by reference laboratories
fil the  U S and 1:ur pe. To determine the presence of
a particular genetic allele, one or more allelic.-
specific r ucleotide need to be detected. in rri y
cases, multiple regions w ithin the  15 allele ram ust
he targeted to achieve an accurate determirtaation.
For cxarnple, currently available methods for
determiningan fit-A-13 allele (e.g., 11LA-.t3^ 1502 or
1-11-A.- 1_;*5801) requires detecting aat least 6
regions within that alle>le. Si =MMARY OF THE
INVENTION 23 The present invention provides a method
of predicting the risk of a patient for  developing
adverse drug reactions, particularly SJS, TEN, or FJ
SS. It was discovere d  that RL:A-C3* 1502 is
associated with SJS; TEN induced by a variety of
drug:. e.g..  carhaan azepini (CI3Z), I.n aaddition,
.1-11 1-.13`5801 is partictalarly, associated with
SJS:'1T-'N induced by allopurinol. HLA-B"5801 is also
associaated With :dlopurinol 25 induced FHSS. Milder
cutaneous reactions induced by C13Z. such as
maculopapular  rash, erythema multifornie., urticaaria
and fixed drug eruption, are particularly  associated
with 11 -:A-11*4 tt1. Accordrrtgfyy, the present
application provides a method of assessing tho risk of
a.l?aaiertt for developing ara adverse drug reaction
in response  s a drub including >0 performing l i1_ A
typing using a biological sample from the paati ent.
Any .1-1.1-A allele WO 2007/134235 PCT/US2007/068782  



that .is associated with the ADR with a sensitivity,
of at least about 40".%% can be used the risk factor
in the present .invention. Preferaally, the
sensitivity of the aisk factor is  at least about
50f'. ,, 60%, 70%, 80%, 85_':%% or 90%. More
preferably. the sensitivity is  at least 95%. The drug
is preferably selected from the group consisting of CB
Z, 5 oxcarhare:laine (hi and name: tri.leptal)fic;
arhavCpine, allupaarinol, ph.eraytoiaa.  ullhsalazine,
ariloxicil.lin, ihuporf :n and ketoprof:en.
Alternatively, the drug is pre f a~alyfy not a.  a~a
ster~3ic za.l aaatf intlaaaa a apt~aa dru Preferably,
an 1-1LA43 allele is  the risk factor. Assessing the
risk of a patient liar developing an adverse drug
reaction in 10 response to a drug, can he accomplished
by determining the presence of an I-1LA-B  allele
selected from the group consisting ofI-ILA-13'> 150',
111-.A_13`5$P1 and VILA.- 3*4601. v>herein the
presence of the HLA-B allele is indicative of a risk
for an  adverse drug reaction. The drug can be
selected from the group consisting of CBZ,  oxcarhaa
opine, licaaharepine, alloptirinol, oxytwrinol ,
phenytoin, sulfasalazine, 15 amoxicilliu,
ihupro-f:c:n, and ketoprofeta. The adverse drub
reaction can be a. cutaneous adverse drug reaction,
such as  SJS, I E:' , or HSS. In one embodiment, the
drug is selected from CB::,  oxcarbazepine,
licaarbazepltie .and the a allele is 111-A- B* 1502.
Ira a rc tlaa r embod im nt  .1-1 LA-13*58Ol is used
to predict the risk. for SJS, TEN, or 1-1SS, and the
drugs can he , 20 selected ficaaa-a aliopuriaaol or
oxylaurinol. Other subtypes ofHLA.-f315, B58 or B46,
such is HL -B* 1503 or t 1558, can also he used to
predict the risk for developing an  A DR . A genetic
allele can he detected by direct detection of
regionsrnucleot:ides  within the allele using genomic
DNAs prepared from hiosamples, e.g... blood, saliva.
25 urine or hair. The allele can also be detected by,
for example, serological or i-nicroe.ytooxicity
methods. It also can be deermitied by detecting an
equivalent  genetic marker of the allele, which can
he, e. g, an SNP (Single nucleotide  polymorphism), a
raaicrc~SCatc llitc marker or other kinds of genetic
polym+arphisatas. In  other words, the presence of
the. IILA-13*k15014, 5801 or 4601 haplotype, rather
than 30 the allele ~ tics, is indicative caf;a risk
for adverse drug reactions, I: eaaaplary  



_3_ WO 2007/134235 PCT/US2007/068782  equivalent
genetic markers of i:1.:A-B B* 1502 hapiovpe include
DR131 `;1202, C;~t*0801, C:w*0$06, .*11 ?1. and NI
IC'.r'~.*01 . Exemplary equivalent genetic  markers of
11L.A-13*5i 0I includes HL A ;.M330', C'w*0'02, 131
13I *030 1and  N C'.A*0It20 I 5 Another aspect ofthe
present invention is a method of phariiiacogenon.ii.cs
profiling. This methodincl tides ~ietermin:ing the
presence of at least one 14LA-B  allele selected from
the group consisting r,f1` LA_B*1502, 1.1 v{4_B*5801,
and HLA- 13**46:11. In one example, the presence of at
least two alleles selected from the group  is
determined, ;ar h <as 11I.. 11 15[)2 :rrrcl
1-1LA-B*5801. In another- example, the 10 presence of
all three alleles is determined. The method can
optionally comprise the  determination of other
genetic Praetors. Those: other genetic factors can be
associated  with the predisposition for any disease or
rtaedical condition, including ADRs. For  example,
these other genetic facto can be selected from the
group consisting o h opurine methyltransferase and
the. gone,,, for tile long-QT synd:rome. 15 Also
within the scope of this invention is a method for
determining whether a  patient carries HLA-B` 1502 or
H1.:.A1.-B*5801. 'This method includes the steps of (1
)  detecting a first region selected from either
Regions 1-6 of HLA-I * 1502 or Regions  1-6 of 111E
B`5$O1,. (2) detecting a seccmd region selected from
either Regions 1-6  of 1-ILA-13* 1502 or Regions 1-6
of l-lL.A-I3*5 fit, the second region being different
20 from the first region, and (3) determining whether
the patient carries the allele of  interest. the
presence of the first and second regions, indicating
that the patient carries  111.;x.-13 `1502 or
1-11:..=1-13*5501. These regions can be detected by
Real-Time '(R or  Competitive Sequence-Specific
Oligonucleotide hybridization assay coupled with 1 L1S
^a (CSSO- E:L1SA), In one example, detecting two
regions selected from 25 Regions 1-6 of
1-11.:1.-1311502 or from Regions 1-6 of
11-..1{'1.-.13'58()1 is sufficient to  determine tfrc
pr se::rrcc or .a ence o I11.;<1~13~ 1502 car I
Il._.t-I3}5 1. Alernatively,  three or more re` ions
within I-ILA-B'" 1502, or 111..A-1-a"*5801 are
detected. Dcteetion of Region 1 Region 2, and Region 3
of HLA-B* 1502 can be  achieved respectively by
identifying nucleotides at positions I and 3 within
Region 1,  



30 at positions 1 and 6 within Region 2, and at
positions I and -3 within Region ;3 -4 WO 2007/134235
PCT/US2007/068782  (including the nucleotides in
either the sense strand or the anti-sense strand at
these  posit.ions). Detection of Regions 1-6 of HI_ '
B*580 can be achieved respectively by  Wentalying
nucleotides at positions I., 2r and 5 within Region 1,
at positions 1, 4, 6, 7,  5 8, 15, 16,and 20 within
Regis? 2, at positions 2, 4, 5, 8, and 9 within Region
3, at positions 3 and 5 within Region 4, at positions
I and 9 within Region 5, and at  positions 3 and 10
within Region 6. The present invention also provides a
kit for detecting, a ~~ e etit allele, e.g.,  1-11..;'
-13*1502 orT-ILA--13W5801. In one example, this kit
contains a first probe and a  10 second probe, each
targeting a region selected fiom Regions 1-6 of
Hlu.A-13Y 1502 or Regions 1-6 of l-iLA_ 3*58(i l . `l
lie t~~ c~ 1 ob s t{ r et elifi i r~ ~~t e io ~. The
kit can  further include < third probe that targets an
internal control allele. It can also include  one or
more additional probes for detecting one or more
additional regions within  fil-A_B*` 1502 or
1H11-A-13*5801. 15 Further provided is a method :lor
deters-iiniinf whether a compound is a,  candidate
that induces an ADR (~..b., 13JS 11_ \, FISS, or a
milder cutaneous ADR) in a  patient carrying an HLA
allele. (e.g., HLA_B 1502, 11LA-T3^380 1, or
HLA_B*4$01)  associated 5k itlh the. r\.1)R ind Ced by
a drug (e g., CBI, eallopurinol, or phcnstorn)  This
method includes the steps of: (1) isolating T cells
frog i an ADR patient carrying 20 an }ILA allele
associated i itlt the ADR, (2) expanding 1 cells
reactive to the daug  that induces the ADR, (3)
isolating antigen-presenting cells from the patient,
(4)  contacting the expanded 'T' cells with a compound
in the presence of the APCs, and (5)  examining
whether the compound activates the expanded 1 cells.
A. compound that  activates the T cells is a candidate
that induces the ADR in a patient carrying the saame
25 1--11.1. allele A patient has a "risk" for as .AJ)R
if the probability of tlhe patient to develop  ,in ADR
is higher than the probability of the general
population to develop the ADR.  The probability of the
patient to develop the r" [)R is at Icast about 1.5
fa-Ad, more  



preferably at least about 2 fold. still more
preferably at least about 3), 4, 5, f, 7 8 or 9 3(T f
ald, and most preferably at least about '10 fold as
high as the probability of the WO 2007/134235
PCT/US2007/068782  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. If this
factor is present  in 10% of the patients who have,
an.ADR. then the probability of a patient with this 5
risk factor to develop the..ADR is 2 sold as high as
the probability of the f,eneral  population to develop
the .Ai3.R. A "risk factor" for ar ADR is a. factor
that is associated with the ADR, The  sensitivity of a
risk factor is preferably at least about 40%, more
preferaably at least  about 50%560%, 70%. Std"/f%, 85%
or 9W,". Most pre erably, the sensitivity is }t least
10 95%. The "sensitivity" of a risk factor for
predicting an ADR is the percentage of  patients with
the ADR that possess the risk factor. In other words,
if every SJS patient has allele A, the sensitivity, of
allele A R )r predicting SJS is 10Wt . If 20 out of
40 SJS patients have allele I3, then the sensitivity
of allele 1.3 for predicting SJS is  50%, 15 An
"equivalent genetic marker" of an allele of interest
refers to a genetic  marker that is linked to the
allele of interest, i.e.. it displays a linkage
disequilibriuni  with the allele of interest,
I'ka~r'ataaac.ogena tic profiling" refers to the
determination of genetic factors  present in a subject
that are associated with disease or medical
conditions, 20 particularly adverse reactions to
drugs. Typically, a panel of genetic factors is
determined in pharm acogenomics pry t`iling, a.nd the
factors may, or may< not be  associated with the same
disease, medical condition, or reaction to drug. A
drug compound, as used herein, refers to a compound
that. is a drug, or the  same as the drug except that
at least one hydrogen in the drug is substittuted with
a 25 halo, hydroxyl, acylaamino. alkyl, aikenyl.
alkynyl, aikoxy, aryloxy, ary=k, aryloxyyaryl,
carboxyl, carboxyl alkyl. carboxyl-scahstituted alkyl,
carboxy l cyeloalkyl, carbo vl.- substituted
cyeloa.lkyl, carboxyl aryl, carboxyl-substituted aryl,
caarhoxylhetcroar'yl,  carboxyl-scubstitutd
heteaoaryl, carboxylheteroc1 clic,
carboxyl-substituted 



heterocyclic, cyy ;loaalkyl, substituted alkyl,
substituted alkoxy, substituted aryl,  30 substituted
aryloxy, substituted zaa Vloxvarvi, substituted
cycloalkyl, heteroa:ryl, WO 2007/134235
PCT/US2007/068782  substituted hete:roaryl,
heterocyclic or substituted heterocyclic group The
chemical  groups are defined, below. The subsistent
can contain zero to ten, Zero toy six, zero to four,
or zero to two carbon atoms, As used hei e, in "alk:
l" re er to alkyl groups having 1. to 10 carhop atoms
or 1.  5 to 6 carbon atoms. '.Substituted alley=I
refers to an alkyl group, preferably of fiiom I  to 10
carbon. atoms, having, from I to 5 suhstituents
selected from the group consisting  of'alkoxy.
substituted alkoxy 4ac 'l, acylaamino,
thioem-bonylauaairao, acyloxy, aaaaaino,  amidino,
alkyl aamidinao, thioamidino, aminoacyl, a
aminocar-bontlamino, a.a3iia s>tlaic c~arhraa
yt>aaaairac.~, a_asaia r3c>aal iaa~ io y< aryl,
substituted. ar 1, aryloxy, 10 substituted aryloxy,
aary'loxylay'l, substituted aa)rloxvar 1, cyano,
halogen, hydroxyl,  nitro, carboxyl, carhoxyalkyl,
carboxyl- substituted alkyl, carboxyl-cyc:loalkv_l,
carboxyl-substituted cycloaalkyl, ca.rhoxyla.ryl, c
arhoxyl-su st tuted aryl,  earhoxylheteao aryl.,
carboxyl-substituted hetcroaryl, c
arboxyllheterocyclic, carboxyl.- substituted
heterocyclic, cycloaallcy='1, substituted cycloalkyl,
guanidino, -15 guanidiaaosul.lone thiol, thioalk`l,
substituted thioalkyl, thioaryl substituted thic)aryl,
thiocycl.oafkyl, substituted thiocy,cloalkyl,
thioheteroaryl, substituted thioheteroarvi,
thioheterocyclic, substituted h c het aocyclic,
heteroaryl, substituted aryl. substituted  heteroaryl,
heterocyclic, substituted heterocyclic, c cloaalkoxv,
substituted cycloaalkoxy7, ietero.axytoxy, substituted
heteroaaryloxyy, heterocyclyloxz, substituted  20
heterocyclyloxyr, oxyJcarhoray=l as ino,
o:xythiocarhortylaminc3. -OS(O)2 -alkyl, -OS(O)22
-substituted alkyl, -OS(O) -amyl, -OS(O)2
-.ubstitut.ed aryl, -OSLO . -heteroaryl. - t,)S(O),
-substituted hcteroaryl, -OS(O), -hetc rocyclic. -OS(t
h - substituted  heterocyclic, -OSt - -N RR, -N
1tS*O).alkyl. NRS(O), -substitarted alkyl, -NRS(O),
aryl, -NRS(O)2 -substituted aryl, NRS(O)2 -heteroaary
l -NRS(t;))2 -substituted 25 heteroauyl. -NRS(O)
-heterocyclic, -NRS(O)T -substituted heterocyclic,
-NRS(t`)h - NR.-alkyl, -\RStt 3 NR -substituted alkyl.
-wlRStO), -NR-aryl. -NRS(ty)^ -NR- substituted aild,
-.NRS(O)~ -NR-heteroaryl, -;N`RS(O),, -NR-substituted
heteaoarvl, -NRS(O): -NR-heie ocyclic, -NRS(O)A
-NR-substituted heterocyc:lie,  



mono- and di-aalkylamiuo, mono- and di-(aubstituted a
alkyl)aami:ano, moraoand di ; 0 aryylarnino, mono- and
di-(suhstiuted aryl)aa:aino, mono- and
diheterosarvlamino, WO 2007/134235 PCT/US2007/068782
ran?im- and di-(substituter1 tae teraratyl#canaiaa:a ,
mono- arid ciiheterocy clic amino, a ono aa.nd
di-(substituted heterocyclic) amino, unsymmetric
disubstituted amines having  different sub,,tituents
selected from the group consisting of alkyl, sthst.
tuted alkyl,  aryl, substituted aryl, heteroaaryl.
substituted heteroaaryl, heteroryclic and substituted
5 heterocyclic, substituted alkyl groups having amino
groups blocked by conventional  blocking groups and
all yl. substituted alkyl groups substituted with -SO2
-alkyl, -SO2 S-substituted alkyl, SCE, -alkenyl, SO2
-substituted alkenyl, -SO -cycloalkyl, -SO-,
substituted cyclo alkyl. -St t -aryl. -SC:,
-substituted aryl. -SO2 -heteroaryl, -.SO2
substituted h.ete oaaryl, -SO2 -heterocyclic, -502
-substituted heterocyclic or -50> -- 10 NRR, where R
is hydrogen or alkyl. "Alkoxy" refers to the group
"alkyl-O-," which includes, by way of example,
methoxy, ethoxy, n-propoxy, iso-propoxy, n-hutoxy=,
tort-butoxy, sec-hutoxy, n- pentoxy, i-hexoxy, 1,2-d.i
ethylbuto:xy, and the like, "Substituted alkoxy
refers to  the group "substituted alkyl O 15 `','icy
l' refers to the groups HHl-C'(O.)-, alkyl-00)-,
substituted alkyl-C'(O)-j  alkenyl--C(O -,.
substituted. alkenyl-C(O)-, tall ynyl-C(O)-,
substituted a.lkynyl-C(0),  eyeloaalkyl-C (0)-,
substituted cycloalkyl-C ( )-, aaryl-C (O)-,
substituted aryl-C(O)-.  heteroaaryl-C(O)-,
substituted heteroa ryl-C(0), heterocye.lic. C(O)-,
and substituted  heterocyclic-C(O)-, Wherein alkyl.
substituted alkyl, all enyl, substituted aalkenyl. 20
alkynyl, substituted alkyny 1. cycloalkvl, substituted
cycloaalky' 1, taryy, 1, substitute d aryl,
heteroaryl, substituted heteroaryl, heterocyclic. and
substituted heterocyclic are as  deigned herein,
"Acylaa -lino" refers to the group -C(O. NRR where
each R. is independently  selected from the group
consisting of hydrogen, aalkyl, substituted alkyl,
alkenyl,  25 substituted alkenyl, aikynyl, substituted
aalkynyl, ary1, substituted aty1, cycloalkyl,
substituted cycloaalkyl, heteroaryl, substituted
heteroaryl, heterocyclic. and < ub tituted
heterocyclic; and where, each R can he joined to form,
together with the nitrogen  atom, a heterocyclic or
substituted heterocyclic ring) wherein alkyl,
substituted alkyl,  



aalkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloaalkyl, substituted -8 WO 2007/134235
PCT/US2007/068782  cycloalkyl, aryl, substituted aryl,
heteroaaryl, substituted heteroaryl.. heterocyclic and
substituted h.eterocyclic are as defined herein. "Acti
k xyy" refers to the group alkyl-C(0)0 substituted
,alkyl-C(O)O-..  alkeoyl-000-, substituted alkt
nyl=OT(C))()-, alkynyl-C(O)O-, substituted aalkyrnyl-
3 C(0)0-. aryl-C'dt)pt.)a, substituted aryl-C(O))O ,
cycloalkyl"O'4,'(:);O) . substiuted :y'cloalkyl-C(O)Oh
o ry.I C: C1lC) 5 substituted eteroar\`1 ((O))-.
haerocylic- C(O)O-, and substituted
.heterocyclic-C.(0)0- where n alkyl, substituted
alky<I,  aalkenyl, substituted aalkenyl, aalkynyl,
substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl. heteroaryl,
substituted heteroa.ryl, heterocyclic, and 10
substituted heterocyclic are. as defined herein.
"Alkeny:l" refers to alkenyl group preferably having
from ? to 10 carbon atoms  and more prelerably> 2 to 6
carbon atoms and having at least I and preferably from
1-'  sites of aikenyl tansaaturaatic~n, " Substituted
alkenyl" deters to aalkenyl groups 1 wing  from I to 5
substituents selected from the group consisting of
alkoxy, substituted -15 alkoxy, acyl, acykiniino,
thiocarbonylami.no, acs loxy. amino, amidino,
alkylamidino,  thinaaani.dino, a aa-tminoa.cyl, aaa~
i:tac3~a.a ca:aa 'I~a.aaalaaca.
aanilnothiocargbonylaaa:alno, tatnnoccarhotin .,Ioxy,
aryl, substtuted aryl, aryloxy, substut d arylox ', i
`l yaryl, suhstitutcd arylo yaryi, haiogcn, hydroxyl,
cyaano, nitro, carbo vl, caarboxy laalk.yl,
carboxyl-substitutedalkyl, caarboxylcycloalkyl,
carboxyl-substituted cycloalkyl,  iaanco ylaryl, ctaal
aaxy'l-st.al ;t.ituted aryl, c trl c xylhet rc#ia y 1,
caaar aaaxy'I-sul ;t.itttt cl  'M heter oaryl,
carhoxylheterocyclie., ca:rhoxylsubstituted
heterocyclic, cycloalkyl,  substituted cycloalkyl,
guaaatidino, rguanidinosulfone, thiol, thioalkyl,
substituted  thioaalkyl, thioaryl, substituted thioar
l. thiocyc:loalkyl, substituted thiocycloaalkyl.
thiolaetcroaaryl, substituted thioheteroaaryl,
thioheterocyclic:, substituted 25 thiohaeterocyclie,
heteroaary'l. substituted hetcroaryi, heterocyclic,
substituted  heterocyclic cy'cfoalkoxy, subs tit:uted
cycloalkoxy, laeteroaarvloxv, substituted
heteroary%loxy, heterocycly, loxy, substituted
heterocyclyloxv, oxycarhonyla.mino, 



to yila ocatka<any l<ataaicaca, -tySM -calk 1. Od(O),
-substituted a aalky I, -OS(O) -aa:a'yl, - OS(O)2
-substituted aryl. -O)S(O)I - heteroaryl, -C)S(O b
-substituted heteroaryl, - 30 OS(O)-2 -heterocyclic,
-OS(O)2 - substituted heterocyclic, -OSO -NRR,
-NRS(O)-,  -9 WO 2007/134235 PCT/US2007/068782  alkyl.
-NR.S(O), -substitatted alkyl. ` :RS(O), -aryl, -N
S(O)2 -substituted aryl. ' RS(O)y -Itetemaary1,
-NR.S(O) -substituted hetero aryI, --NRS((')),)
-heterocyclic,  NRS(O), -substituted heterocyclic.
-NRS()) -NR-alkyI, -NRS(O)2 -NR-substituted  alkyl,
NRS(O)~ -N.R-Akvl. -NRStO)-, -NR-substituted aryl.
-NRS(O)-, -NR- 3 heteroaaryl, -NRSOb - 11 -subsAut:ed
heteroaryl, -l :RS(O)_ NR heterocyclic, -NRS(O)-,
-NR-substituted heterocyclic, mono- and di alWamino,
nano- and a i~ trbstituted aalkr.=l) ttaitr, monoand
di-afyla.mino, mono- and di- (substituted
aryl)aaaaino, mono- and dihct ~ ryla:mino, .iton and
di-(Isubsti tilted  he eroaryl)amino, mono- and.
diheterocyclic amino, mono- and di-(suhstiuted 10
heterocyclic) amino, unsymmetric disubstituted amines
having different substituents  selected from the group
consisting of alkyl. substiuted alkyl, aryl.
substituted aryl,  heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and
substituted alkeny:l Brous having amino groups blocked
by conve ntion l blocking  groups (such as Boc, Cbz,
formy1, and the like) and alkenyl,,suhstituted alkenyl
gmups 15 substituted with -SO2 -alkyl, -SO -
substituted alkyl. -SO.) -aalkenyl, -S0. -substituted
alkenyl, -SO -cycloalky 1, SO2 substituted cycloalky
1. -SO2 -aryl, -SO) -substituted  aryl, SOz
-heteroaryl. -SO-, - substituted heteroaaryl, Sty.,
-heterocyclic, -Stiff , - substituted heterocyclic or
-SO,, NRR, where R is hydrogen or alkyl. " lk'. nyl"
refers to alkyray 1 group preferatbly having from ? to
10 carbon 20 aton-is and more preterably 3 to 6 carbon
atoms and having at least l and preferably  from I-2
sites of aalkynyl a.rrr.sa.turaation. `Substituted
alkynyl ` refers to aallcynyl groups  having from I to
5 substituents selected from the group consisting of
alkoxy,  substituted alkoxy, acyl, aacylar wino,
tlaiocaar'bonylaamino, arcs foxy, amino. an-zidino,
alkylaramidino, thioa.midino, aminoacyl, a
aminoca:rhonylamino. 25 any.inotlr.iocarbonylaataino,
arninocaarbonyloxy, aryl, substituted aryl.. aryloxy,
substituted aaryloxy, aaryloxy~aaryl, substituted
aaryloxyaaryl, halogen, hydroxy cyano,  



nitro, carboxyl, carboxylalkyl, carboxyl-substituted
alkyl, caa-rhoxylcycioaIW  carboxyl-substituted
cycloalkyl, carboxyia'l, carboxyl-substituted aryl,
carboxylhetero aryl, carboxyl-substituted heteroaryl,
carboxyllaeterocyclic, carboxyl ; 0 substituted
heterocyclic, cyacloalkyl, substituted eveloaalkyl,
guanidino,  -lt) WO 2007/134235 PCT/US2007/068782  gt;
uanidinosul t r e. }dial, hioa1;kyL substituted
tlhioaky1, thioaryl, substituted hioury1,
thiocycloalkyl, substituted thiocycloalkyl,
t.hiohe.teroaaryl, substituted thioheteroaaryl,
thioheterocyclic, substituted thioheterocyclic.
heteroaary-1, substituted hetcac a.ay 1,
heterocyclic. substituted heterocyclic, cyeloaa.lkoxy,
stalbstituted cycloa lkoxy. 5 heteroaryloxy,
substituted heteroaryloxy, heterocyr.ly, foxy,
substituted heterocyclyIt?: v, o yCarbonylaa3:aiimo,
o', thioca:rhonyl.za:niia o -O:S((})~ -alkvI, -OS(OO)2
-substituted alkyl, -0S(O)_1 -aryl, -OS(O)>
-substituted aryl "OS(O):,- laeteroaryl, -OS(O),
-substitute l hete:roaaryl, -OS(Oh -heterocyclic.
-OS(O):1 - substituted heterocyclic. -0S0 -N1'.1., \
R.S(O)z -alkyl, -NR S(O )') 10 substituted alky=l. - R
(O) -aryl. -NRS(O)7 -substituted m 1d. -NRS(())
-heteroaryl, - \R:S(O)7 -substituted heteroaryl,
-NRS(C)), -heterocyclic, -NRS(O)-, -substiuted
heterocyclic, -NRStO)2 -NR-alkyl. -NRS( )2
-NR-substituted alkyl,  \R`tO,-\.R-aaryi-NRS(O)
-M.-substituted aryl, \RS(O L-\R-hetero:aryl,
-NRS(t3):T AR-substituted heteaoarvi, NRS(O)=
?~R-heteaocyelic, -NRS(O)2 -NR 15 substituted
heterocyclic, mono- and di-alkylami.no, mono- and
di-tsubstit-uted  alkyi)amino, monoand di-arylamino,
mo:no- and di-(substituted. aaryl)a:aa-ta no, mono-
and diheteroaa.rylaa ino, mono- and di-(substituted
heteaoaryl)amino, mono- and di- heterocyclic amino,
noun- and di-t substituted heterocyclic) amino,
unsymmetric di- substituted amines having dt1i re at:
suhstitue.nis selected iyrom the group consisting of
20 aalkA substituted alkyl, aryl, substituted aryl,
heteroaary 1, substituted heieroaryl,  heterocyclic
and substituted heterocyclic; substituted alkynyl
groups having amino  groups blocked by conventional
blocking groups (such is :I3oc:. Chz, tormyyl, and the
like), and alkynyl'substituted alkynyl groups
substituted with -SO2 -alkyl, -SO - substituted alkyl.
-SO2 -alkenyyl, '0. -substituted alkenyl, Sty,
-cycloalkyl, -SO2  



25 substituted cycloalkyl. -SO-,.- -aryl. -SO2
-substituted aryl, -SO2 -hete.roary l St_a
substituted heteroaaayl. -SO2 -heterocyclic. -SO2
-substituted heterocyclic or -50  NR.R, where R is
hydrogen or alkyl. "Arninoacyl rcleis to the groups
-\RC.'(O all yyl, -NR( O)suktituted aalkyl,
-1SRC(O))cycloaalkyl, -N Ct: substituted cyclonikyl
NRt; tO)aaikenyyl, 0 -\RC(O)-substituted alkenyl.
-NR(::(O)-alkyynyl, - _Rt`(O3)-subs:itartd aalkyaayl,
-1.1 WO 2007/134235 PCT/US2007/068782  -NRC(O)-ary1,
ARC(O)substituted aryl, -N RC(O)heteroaryl,
-NRC(O)substi ted  heteroaaryl, NfC(O)heteaoeyclic,
and NRC(O)substituted heterocyclic, where R is
hydrogen car talky and. whereir alkyl, substituted.
alkyl, a.lkeaayl, substituted. alkenyl  alkyntyl.
substituted alkynyl, eyc.loalkyl. substituted
cycloalkyl, aryl, substituted ary=l. 5 heteroaryl,
substituted heteroaryL heterocyclic and substituted
heterocyclic are as  defined herein, :;
Aminocahonyloxy" refers to the groups -NRC'(O)O-alkyl,
-NRC(O)O- :substituted alky=1, -NRC(O)O-alkenyL
-NRC(O)O-substituted alkenyl, -NRC(O)O- arlkyny>l,
-NRC(O)O-substituted aalkynyl, -NRC(O)O cyeloalkyl.
-NRC(O)O 10 substituted cvdoalkyl, -:N C:(O)O-aryJ, -N
C(O)O-supsituted. aryl, -NRC(O)O- heteroaryl.
NRC(O)O-substituted heteroaaryl,
-NIRC(O)O-heteroeeyelie, and - N F C (O )0-substituted
heterocyclic where R. is hydrogen or alky l and
wherein aalky1,  substituted alkyl, aalken 1,
substituted aalkeny i. alkynyl, substituted allkyny!,
cycloalkyl,  substituted cye.loalky1, aryl,
substituted and, heteroary 1, substituted heteroaryl.
15 heterocyclic and substituted heterocyclic are as
defined herein. "Oxycarhon ylaaniino" refers to the
groups -OC(O)NRR, -OC(O NR-alkyl,  -(iC:(O)\il
-substituted alkyl, -()C.(())\R-atlkcny1, --OC(O)1
IR-suhstittataat alken i,  --OC(ONR-a1kynrI,
-OC'(O)\R-supsfituc:d alkynyl,
-OC:(t:3)\R-c:y-cloa.lkvl  t_1C:(())N R-substituted
cycloalkyl, -0((0),,\.- R -aryl,
-OC(())N.R-substituted 'M aryl., -O( ;(t )\l
-hcteroaryl. -OC (O)\R.-suhstitutr:.d heter aryl,
-O'(O):\R- heterneyclic, and -OC(O.jNR-suhstitu:ted
heterocyclic where R is hydrogen or alkyl,  and where
eaaclr l . can be joined ter fortrr, together with the
nitrogen atom, a  heterocyclic or substituted
heterocyclic ring and wherein alkyl. substituted
alkyl,  



alkenyl, substituted alkear.yl. a-lkynyl, substituted
aalkyayl, cyclo-.RNA, substituted 25 cycloalkyl, aryl
substituted artl. heteroaryl, substituted heteroaryl,
hi~tcrocyclic and  substituted heterocyclic. are as
defined herein. ` Aryl" or' Ar" refers to an
unsaturated aromatic caa.rbocychc group of from. 6  to
14 carbon atoms hating a sino- 0 rind (C'g', lahe
say1) or multiple c otacic r sc d ring."  (e.g.,
naphthyl or anthryl) which condensed rings may or may
not be aromatic -1.2_ WO 2007/134235 PCT/US2007/068782
2-ben_zoxazolirone, 2H -1,4-bent
xazin-3(4H)-carne-7..?:l, and the like). ['referred
aryls include phenyl and naaphthyl. Substituted aryl
refers to aryl groups which are substituted with from
1 to 3  suhstituents selected from the group
consisting ofhydroxy. aryl, acylac l.no, 5
thiocarbonylanaino, acyloxy. alkyl, substituted alkyl,
aalkoxy, substituted alkoxy,  alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, amidino,
lky.lamidino,  thioaamidino, ammo, aaminoacyl,
anunocarbony, loxy, anafaocarbofaylamano,
tttttitaaatliocata l as? lataaairao aryl, substituted
auyl, aryloxy, substituted aryloxy,  cycloalkoxy, ,
substituted cycloalko.xy, hetetoaryloxy, substituted
heteroaryloxy, 10 heterocyclyloxy, substituted
heterocycly, loxy, carboxyl, carboxyl alkyl.
carhoxyrl- substituted alkyl, carboxy l cycloaalkyl,
carboxyl-substituted c :cloall yl, carboxylaryl,
carboxyl-substituted aryl, carhoxylheteroaaryl,
carboxyl-substituted hete oaryl.
earhoxyllheterocyrclir:, carboxyl-substituted
heterocyclic, carboxylamido, cyano, thiol.
thioaalkyl, substituted thioalkyl, thioaaryi,
substituted thioaary1, thioheteroaryl, 15 substituted
thiohe:teroaryl, th:iocycloalkyl, substituted
thiocycloal:kyl, tliioheterocyclic.  substituted
thiioheterocyclc, cycloaalkyl, substituted cycloalkyl,
guanidino,  gFuanidinosultone, halo, nitro,
heteroaryl. substituted heteroaryl, heterocyclic,
substituted heterocyclic, cycloalkoxy, substituted
cyr'c.Ec-aaalkoxy, heteroaryloxy  substituted
heteroaryloxy, heterocyclyloxy, substituted
he:terocyclyloxy. 2(D za yca7rl caa l<aaaitaca, ox
rthic3et.a ,ortilt.aaiato. - t t 3} -calk 1, X(0)2
substituted alkyl,  (0)_, -cyeloaalkyl. 5(0)2
-substituted cycosalkyl, -5(O)~ -aa.lkenvl, 5(0)
substituted  alkenyl, -5(0)2. -aryl, 5(0)2
-substituted aryl. -S(0)2 -heteroaaryl, S(0)2
-substituted  heteroaaryl, -5(0)2 -heterocyclic. S(y)2
-substituted heteroe.yelic, -05(0)2. -alkyl, - 



05(0)-, -substituted alkyl, -OS(0y)2 -aryl, -0 (0)n
-substituted aryl, -05(0)2  25 laeteroaryl. -OS(0)
-substituted heteroaryl. -0S(0): -heterocyclic. -O
(O),,. - substituted heterocyclic. OS0 -NRR. NRS 0)
-alkyl. -NRS(O), - substituted alkyl,  -NRS(t_1)2
,aryl, -NR` (0)2 -substituted aryl, -NRS(0)2 -
laeteroaaryl NRS(0 2  substituted hete'oaaryl,
-NRS(0)2 -heterocyclic, N S(O)- suh`tituted
heterocyclic, - NRS(0)2 -NR-aalkyrl, -" RS(0)-,
41N1.-substituted aalky 1, -NRS(O:lb -NR-aryl,
-NR:S(01z 30 -NR-substituted ayl, -NRS(0)2
-NR-heteroaaryl, -11RS(0)7 -NR-substituted  -1: WO
2007/134235 PCT/US2007/068782  heteroaaryl. -N RS(O)
-N R-substituted NRS(O)-N Rsuhstituted heterocyclic,
mono and di-aalkylamino, mono- and di-(substituted
alkyd aami.no, mono-and di-aryla.mino,  mono- and
di-(substituted aryl)an ino, nonoand
di-heteroar)ylanino, mono- and di- {substituted
heteroaryyltaas.a.ino. :nono- and d heterocycl c
amino. mono- and di 5 (substituted heterocyclic)
amino, unsvmmetric disubstituted amines having,
different  sub.tituents selected from the group
consisting ofd.1kyl, substituted alkyl, an,,],,
substituted aryyl, heteroa.rvl, substituted
heteroarvl, heterocyclic., substituted  heterocyclic,
amino groups On the substituted aryl blocked by
conventional blocking  groups (such as Boc. (liz,
formyl, and the like), and. -SO2 NRR, where R. is
hydro?:ex  10 or alkyl. " substituted arvloxyaryl
refers to aryloxyaryl groups substituted with from l
to 3 substituents on either or. both aryl rings
selected from the group consisting of  hydroxy',
aacyl_ aacylalmino, t iocarhony'lamn ? acyloxy, alkyt,
substituted alkyl, aalko.xy, substituted alkoxy,
alkenyl, substituted alkenyl, aalky ny'l, substituted
alkynyl.  15 amidino, alkylaanidino, thioamidino,
amino. aminoacyl, ami.nocarbo.nyloxy,
aminocarbonylamino, anii notlaiocarboanylamiino, aryl,
substiutecl aryl, a.rd loxy.  substituted aryloxy,
cyyclcocalkoxyy, substitttted cycloalkoxy,
heteroaryloxy, substituted  heteroaaryloxy , heter
ocyclyloxy, substituted heteroeyclvio v, carboxyl,
carboxyla.lkyl,  carboxyl-substituted alkyl,
carboxyl-cycloaalkyl, carboxyl-substituted
cyycloaalkyl,  cairl7ca ylaryl,
calihcassyyl-substituted aryl, caul csxylheterciaaryl,
carboxyl-substituted 'M heteroaryl,
carhoxylheterocyclie., ca.rhoxyl-suhsti tuted
heterocyclic. carboxylamido.  



cyano, tbiol, thioalkyl, substituted thioalkyl,
thionryyl, substituted thioaryl,  thiolheteroaryl,
substituted thioheteroaryl, thiocycloalkyl.
substituted thiocycloalkyl,  thiolhetcrocy :tic,
substituted thiolheterocyyclic, eveloalkyyl,
substituted cvcloaalkyl, 25 tiuanidino,
awaniclinosultone, halo, nitro, hateoaryl, substituted
hete.roaaryyl,  heterocyclic. substituted
heterocyclic, cyclo<alkoxyy, substituute.d
cycloalkoxy.  ,  heteroary%%loxy, substituted
lheteroaaryloxy, lac teroe Clxylo*:y. sub t tutee
ateo,yc yyloxy, oxycarbony asaaino, +axy'thiocaarhonyy
amn<o, -S(O):T-alkyl, -S(O) - substituted alkyl,
-S(O), -cycloalkyl. -S(O)2 -substituted cycloalkyl,
-S(O)Y - alkenyl, - 3y S(O)2 -substituted alkenyl,
-S(O)s. -aryl, -S(Oh -substituted aryl, -5(0)2 -
hetero aryl,  l4 WO 2007/134235 PCT/US2007/068782
S(())? -substituted laeteroaa-yl, -SO} -heterocyclic.
-S(O)-. -substituted heterocyclic, - OS(O)2 -alkyl,
-OS(O), -substituted alkyl, --OS( ), -aryl, -1S(O)z -
substituted aryl, - OS(Oh! - hetero aryl, -OS(O)2
-substituted heteroaryl., OS(O) ' eterocvcl c, -OS(O);
.  -substituted heterocyclic. )SO, -NRR. NRS(O) alkyl,
-SRS(()):: 5 substituted alkyl, -NRS(O)2 -arvl,
-NRS(O)2 -substituted aryl, "1.5103, -heteroaryl,
NRS(O),> -substituted h teroa_rvl, -N.RS(O)
heterocyclic -NRS((33y  substituted  heterocyclic, -N
RS(O)., -NR-alkyl, -N RS(O): -N R-subst tuw-dalkyl.
NRS(O)2 AR-aryl, -NRS(())2 AR-substituted aryl.
`vRS4Ot._ nN -heteroaryL _._.  NRS(U)-,
-NR-substituted he.teroarsl, -\l'.S(0)x ': R-he
erocsclic, -NRS(O ,-NR- 10 substituted heterocyclic,
mono- and di-alkyrlamin,3, mono- and di-(substituted
alky 1)aarnino, tMotto- and d arylam no, rte?no- and
di-( ubstit t sl try l)tttt lt~o. mono- and da
laete~~?:try lz ~ti 3c?, mono- and di4suhstitUted
he.tero?a yf)attmino, rtm no- and di- heterocyclic
amino, mono- and di-(substituted heterocyclic) anlino,
unsymmetric di- substituted amines having different
substitt.ents selected from the. group consisting of
-15 alkyl, substituted alky1, aryl, substituted aryl,
heteroar 1, substituted heteroaryl,  heteaoevcl:ic and
substituted heterocyclic, a ino groups on the
substituted aryl  blocked by conventional blocking
groups and substituted with -SO2 NRR, where R is
hydrogen or alkyl. "C'ycloalky l "refers to cyclic
alkyl. groups of from S to 8 carbon atoms having  



20 a single cyclic ring including, by Way of example.
cyclo rop 1, cyclobutyl,  cyclopentyl, cyclooctyl and
the like. Excluded #rom this definition are malt- inn
alkyl groups such as aadamantaany l ('t cioalken l'' t
efi( rs to cyclic alkenyl groups of  tae? xa 3 to 8
carbon atoms having single c?r multiple
ua-asaturaation but which are not  aromatic, 25
"Substituted-cycloalkyl" and "substituted
cycloaalketny-l" refer to a cycloalkyl  and
cycloalkenyl groups, p elirably of from 3 to 8 carbon
atoms. having 1:ro.na I to 5  suhstituents scwed horn
the group consisting of ox o (=O), thioxo t___"b)
alkovy,  substituted ~aiko y, acyl, a.cylanltno, III
iocarbon y laminks. <acylc? y, amino, izmidino,
alkylamidino, thioaamidi.no, gamin.}acyl,
ami:nocarbonylamirm, ; 0
amiaaothi.ocaarhcoi-zylaaaaaino, a iminocaarhonyloxy,
aryl, substituted. aryl, aaryloxy.,  -15 WO
2007/134235 PCT/US2007/068782  substituted aayioxv,
aryluxyaryl, substituted aay lc xyaryl, halogen,
hydroxyl, cyanu, nitro, carboxyl, carhoxyialkyl,
carboxyl-substituted alkyl, carboxyl-eyclo alkyl,
carboxyl-substituted cycloa.lkyl, carboxylaa-tiyl,
carboxyl-substituted amyl,  carhoxylheteroary.l,
carboxyl-substituted heteroaryl.
earhoxyllaeta:..rocycl c, carboxyl 5 stt Esttutcd
heterocyclic, t' .1caalkyl, substituted cycioalkyl,
uuanidino,  guaartidiricasulfone, thiol, thioa.lkyl.,
s:ralastituted hioalkyi, tlai.c aryl, substituted
thioaryyl,  thic,cycl .ralkyl, substituted
thiocycloalkyl, thic,heter rat .I. substituted
thicaheteruaryl,  tbicahetera cy cl ic, substituted
thioliete roc z cl:ic, heteroaaryl, substituted
heteroaryl,  heterocyclic substituted heterocyclic,
cycloalkoxy, substituted cycloalkox,y, 10
heteroaryloxy, substituted heteroarylo:xy,,
heterocydy, loxy, substituted heterocyclyloxy,
oxycarbonylarniaao, oxythiocarbonylamirac~, -OS(O)
-alkyl, -OS(O)2  -substituted alkyl. -OS(O) -aryl.
-OSl;OhI -substituted aryls -0S(0  heteroaryl, OS(O)l
--substituted heteroaryl, -OS(O)2 -heterocyclic,
-OS(O)=- substituted heterocyclic, OSO; -NRR,
-N-IRS(O)2 -alkyl, -NRS(O)> ---substituted alkyl.  -15
-NRS(O), -aryl, -NRS(t?), -substituted atr,J, -NRS(0)_
-heteroaaryl, NRS(O)  substituted heteroaar-yl,
-NRS(O)2 -heterocyclic, -NRS(O)?---subsiituted.
lieterocyclic, - NRS(O)2 -NIR-alkyl, -,,NRS(O): - l
substittted aalkti l, -NRS(O)-_, -NR-aryl, -NRS(O),,
--NR-substituted aryl, -1SRS(O)' -NR-heteroaryl,
-N'RSO h-NR-suhst tuts d 



heteroaaryl NRS(O)-. -NR-heteroryclir, -NRS(0),
-NR-subst:itutcd heterocyclic,  20 mono- and,
di-aal'ky lamino, mono- and di--(substituted
alkyl)amino, mono and, di- aryy laamino mono- and
di-(substituted aryl)amin-ro, rmaono- and
d-heteroarylaminno,  raaono- and di-(substituted
heteroarvl)amino, mono- and di-heterocyclic amino,
taorao- and di-(substituted heteroc.vcl.ic) at n.inIo.
unsymmetric di-substituted amines havil-1811
dilThrent substituents selected from the group
consisting of alkyl, substituted alkyl, 25 aryl,
substituted aryl, heteroaary k substituted heteroaryl,
heterocyclic and substituted  heterocyclic.
substituted alkyrayl groups having amino groups
blocked by  conventional blocking groups (such as Boc,
Cbr, lbr'myl, and the like) and a~lkyrayl aarl
stitatt.cd alkynyl groups substituted with -SO2
-alkyl, _ SO - substituted  alkyl, -SO.) -aalkenvl,
-SO -substituted alkenyl, -SO, cycloalkyl, -SO2
-substituted  30 cycloal.kyl. SO-) -aryl. -SO2
-substituted uvl, St?, -heteroaary 1, -SO -
substituted WO 2007/134235 PCT/US2007/068782
heteroa:ry 1. SO2 --.heterocyclic. -SO2 -substituted
heterocyclic or -SO2 NRR, where R is hydrogen or
aalkyl. "Cycloalkoxv" refers to 0-cycloalkyl groups.
Substituted cycloalkoxy`  refers to -0-substituted
cycloalky i groups. 5 "Halo" refers to iluo.ro,
ehlo.ro. bronao and iodo and preferably is either
chloro  or broao. HHleteroarrvi" refers to an aromatic
carbocyclic group offroarm 2 to 10 carbon  atoms and l
to 4 heteroatoms selected from the groups consisting
of oxygen, nitrogen  and suffix within the ring. Such
heteroa.ryl .roues can hav .a single ring, (e. ., rie
j.l 10 or fury.) or multiple condensed rings da'. ;..
indolir nvi or henrothienyl). Pref .rred  heteroaryls
include py'ridyl" pyrrolyl, indolyl and fury..
"Substittited heteroary l", refers to heteroaryl
groups which are substituted with  from I to 3
substituents selected from the group consisting of 1:a
druxy. acyl,  acylamino, thiocarbonylamino,
acyloxy,alkyl, substituted alkyl, alkoxy, substituted
-15 alkoxy, alkenyl, substituted alk enyl. alkynyl,
substituted aalkynyl, amidino,  alkyrlamidii3 o,
thioamidino, amino, aniiooaacyl, am inoczIrbony loxy,
amiuocarhonylamino, tta inothioctarbon laa is ca,
aryl, substituted aryl, a:r lost',  substituted
aryloxy . cycsl" a.alkoxy. substituted cy~cloalkoxy,
heteroaryloxy, substituted  



heteroaryloxv, heterocycle foxy, substituted bete
rocycly loxy, caarboxyl, carboxylaikyl, 20
carhoxvl-substituted alkyl, carboxyl-cycloalkyh
carboxyl-substituted c cloalkyl,  carhoxyla vl,
carboxyl-sa.abstituted aryl, carboxy-ilheteroaryl, ca
bogl-substituted  I-lete.roaryrl,
caarboxylheterocyclic, carboxyl-substi uted
heterocyclic, caarboxylaan-aido,  cyaano, thiol.
hioalkyl, substituted thioalkyl, thioaaryl,
substituted thioaryl,  thiolhetcroaaryl, substituted
thioheteroaryl, thiocycloalkyl, substituted th
ocyclcralkyl, 25 thiolicterocyclic, substituted
tlaioheterocyclic" cycloalkyl, substituted
cycloaalkyl,  guanidino. uan.icla.a osul.lc~rae, halo,
nitro, Iae.teroaryrl, substiuted hetero aryl,
heterocy%clic, substituted 1aeterocyclic, cycloaalko
V, substituted cycloalkoxy,  heteroaryloxy,
substituted beteroaaryloxv, bete ocyclyloxy,
substituted heterocyclyloxy, oxycaarbonyltaraa.ino,
rpxythifacaarhonylaaratltac}Y -S(0)2 -alkyl, -5t0:)2 0
substituted alkyl. -S(0)2 -cycloalkyl, -S(O)a
-substituted cycloaalky 1, -5(O)-2 - alkenyl, - -17 WO
2007/134235 PCT/US2007/068782  S(())? -suhstitcated
alke:rayl. -S(O)2 -aryl, -S(O)n -substituted aryl,
-S(O)i r heteroaryl.  S(O), - stih; tii utecl
lbetert?iffl-y l, -S(O)-_> -heterocvcfic, -substituted
heterocyclic -0S(0)2 -alkyl, -OS(O)2 -substituted
alkyl, -05(0)2 -a.ryi, -OS(O):  substituted aryl,
-OS(O}t laeteroaryl -OS(03).2 -substituted heteroaryl.
-OS(O)2 3 heterocyclic, -OS(O) -substituted
heterocyclic, OSO -NRR. N.RS(())2 -alkyl.,  -N .S(O)2
-suh.'titued aiky i, \RS(O) -aryl, NRS.(t))-~
-substituted aryl, -NRS(O)., ..  heteroar'yl,
-NRS(O):: -substituted laeter'otaayl _NRS(Oj,
_heterocyclie, -NRS(O)-a  substituted Heterocyclic,
-NRS(O )2 -Nit-alkyl. NRS(O)2 -NR-substituted Akyl,
:SRS())y -NR-aryl, -NR-,(O)--, -NR-substituted aryl,
;.RS(O)2 -NR--heteroaryl, 10 NRS(O)2 -NR-substituted
heteroaryl, -NRS(O). -NR-heterocyclic, NRStOi> -NR-
substituted heterocyclic, mono- and di-alkylamino,
mono- and d -(subsitutc:d  alkyl)am.iio, mono- and
di-arylamino, mono- and di (substituted aryl)amino,
mono- and di-laeterosaryltaraaino, mono- and
di-(substituted h tcr~?>t 11 to ~ ~c,, mono- and di-
heterocyclic amino, mono- and di-(substituted
heterocyclic) amino. unsymmetric di_ 15 substituted
amines having different substituerats selected from
the group consisting of  alkyl, substituted alkyl,
aryl, substituted aryl, het:eroaryl, substituted
lieteroaryl,  heterocyclic and substituted
heterocyclic, amino groups on the substituted aryl  



blocked by conventional blocking grc_>ups (such as
Boc, Cbt, term 1, and the like;r,  and -SO2 N.RR,
where R is hydrogen or alkyl.. (D "Heteroary lox Y"
refers to the group --0-heteroar l and "substituted  h
teroar'yloxy" refers to the group -0-substituted h
teroaryl. "Fleterocyele" or 'heterocyclic' refers to a
saturated or unsaturated group  having a single, ring
or multiple condensed rings, containing from I to 10
carbon  atoms and from l to 4 lre <.aoatora3ti
selected from the group consisting of nitrogen. 25
sulfur or oxygen within the. ring. In fused ring
systems, one or more.. of tl- e rings can  be aryl or
heteroaryl. `` uhstitartecl lacteroc:yclic ' re ers to
heterocycle groups which are substituted  with from 1
to 3 stahstituents selected from the group consisting
of o ' o (=t)), hio?w  (=S), alkoxy, substituted
alkoxy. aeyl. acyla:mino. tlaioctar
l?cgrtyltarta:ita~}, acyloxy, amirno, 30 arnid.ino,
alkylamidino, t.hioana<idino, aminoacyl,
araziraoc.aabonyl aaaainr#  _l s' WO 2007/134235
PCT/US2007/068782  aataia astlaiocaanconylaanaino,
aarai.n caarl onyloxy, aryl, substituted aryl.
aaryloxy, substituted aryloxy arylo yaaryl,
substituted aryloxyaryl, halov n, hydroxyl, cyano.
nitro, carboxyl, ca.rhoxyialkyl,
carboxyl-stabstit.uted alkyl, carp #xyl-cyekuilkyl,
carboxyl-substituted cycloakyl, eaarboxylaaryl,
carboxyl-substituted a.rvt.. 3 earha xylhctea oaryl,
carboxyl-substituted hete_ro arti 1, earhoxy
lbeerocycl c, carboxyl.- sub.tituted heterocyclic,
cycloaa.lkyl, substituted cycloalkyl, gguaanidino,
guaniditaosulfone, thiol, thioa.lkyl, substituted
thioalkyl, thioaryl, substituted thioaryl,
tbiocycloaikyl, substituted thioe cloaallkyl,
thioheteroaiyl, substituted t ioheteroaaryl,
thloheterocyclic, substituted thioheterocyclic,
heteroaryl, substituted beteroaryrl, 10 heterocyclic,
substituted heterocyclic, cycloalkoxy, substituted
cycloalkoxy,  heteroaryloxy, substituted
heteroaryloxy, het :rocyc:ly-loxy, substituted
heterocyclyloxv, oxycaarhonvlaniino,
oxythiocarhonylaa.mino, -05((})2 -alkyl, -05(0)2
-substituted alkyl, -OS(0)2 -aryl, -OS(?)2
-substituted aryl, OS(O)2-heteroaaryh - OS(0):2
-substituted heteroaryl. OS(O)2 -heterocyclic,
-OS(O)2-substituted 15 heterocyclic, -OSO. NRR,
-NRS(O)2, -alkyl. -N RS(O)2 ---substituted alkyl.
-NRS(O)2  -aa:ry l, -NRS(0)2 -substituted aryl.
-NRS(0)2 -heteroayl, -NR.S(O)2 -substituted  



heteroaaryl, -NRS(O)> --heterocyclic, -NRS(0)
substituted hete ocyche, -N11 S(0)2 - NR-a.lkvl,
--\RS(Oa f stal scittate l tall~si -'^ RS O}_ -\R-
alkyl. \RS(O) -NR- substituted =aryl, -NRS(O), -N1
-laeteroaay1. - RS(0)2 -NR-saubstituted heteroary1.
20 NRS(0 )2 -` R--heterocyclic, :NRS(O)2
AR-substituted heterocyclic, mono- and di-
alkylaaaaino, umono- and di-(substituted ailkyl)amino.
mono-and di-arylamin:ao, mono- and di-(substituted
aaryl)amino, mono- and di-heteroarylaam.ino, mono- and
di- (substitated heteroaaryl)amino, mono- and
di-heterocyclic mono- and di-(substituted
heterocyclic) amino, unsya met is di-substituted a3
nines having different subst tuents 25 selected from
the group consisting oraalkyl substituted alkyl, aryl,
substituted aryl,  lia tera~aaryl, substita ted
heteroarvi, heteaoeyciic and substituted heterocyclic,
substituted adkyrayl groups having amino groups
blocked by conventional blocking  groups and
<allkyaayl saal?situted alkynyl groups sub atitut:ed
with 502 -aallkyl -SO2 - substitutcd alkyl, -SO2
-aalkenyl. -SO2 -substituted alkeny 1, -SO2
-cycloaalkyl, -SO2  ; 0 substituted cydo alkyl, -SO2
-aryl, -SO2 -substituted aryl.. -SO2 -hete roary 1,
-SO2 - -1 WO 2007/134235 PCT/US2007/068782
substituted heteroaryl, -SO, -heterocyclic. -SO2
-substituted heterocyclic or -SO2 'ERR, where R. is
hydrogen oraikyl. Examples of heterocycles and
heteroa.ayls include, but are not limited. to.
azetidine, pa rrole, inaidearole, py r-azole,
pyridine, pyrazine, pyr-in-iidine, pyridarit e,  5
indolir..ine, isoindole, indole, clihyc roincole,
i.ndazole, purine, quinoliz uc. isoquiaxoline,
cluinolinc., phthala ine, n aphtn,Ilsyrid.ine:, quinO
:al:ine, qu:ia a aline:,  citnaoliiie, pteridine,
eiarbarole., ca.rholine phenanthrid ne, acridine,
phenanthr-otine.  isotlaaazole, pheanazine, isoxazole,
pheatcrsaritae, phe.nothiazine, iataidazolidine,
iaaaidazoline, pp e. idia e, piper:a: ine, indol nc,
phth.alimidc, 1 ,22, 3, 4 10 tetrahyclrcai
(~ftr.int~litac, 4. 5, 6, 74etrahydrohenro[h] hiop
one, thiazole, tharolidine,  thietplhene, benzo[b-;
thioplhcene, morpholino, t iomo`pholino, ppe:ridinyl,
pyrrolidine.,  tetrahydrofurtnyl, and the like. " I-
1Ltcaocyclyloxy " refers to the group -0-heterocyclic.
and substituted  heterocyclyloxy" refers to the group
-0-substituted heterocyclic. 15 The details of one or
more implementations of the invention are set Iorth in
the  



description below. Other features, of jects, and
advantages of the invention w gill be  apparent from
the description and drawings, and from the claims.
DETAILED DESCRIIITtON OF THE MENTION 20 Some evidence
suggests that the pathogenesis of several similar
muftis steam  ADl s involves M11-IC-restricted l
resentatio:n of a drug or its metabolites, -which
either  directly bind to MHC molecules or bind to
endogenous proteitas, and activaticony of T  cells
(Svensson ct al.. Pharmacol. Rev., 53(3):357-3 79,
2000). Skin-inf ltrat ng t_ D1? *- cyto oxic `I cells
were found to be dominant in the ullous reactions such
as S.)S! T EN 25 (Hari et gal.., Clin. Ex.p.:A:llergy,
31(9).1 398-1408.2001 ), whereas CD4* helper T calls
were characteristic of milder cutaneous ADRs, such as
marulo apular rash (Pichler et  al.. Int..Arch.
Allergy la unt nol., 113(1-3):177-180, 1.997). It was
discovered that 1'II..._B* 1502, H 1_.A-E '5801. and
HLA-B314601 are  respectively associated with 5) S 1
.N induced by CBZ, with SJS/E\N''HSS induced  30 by
allopuri tol. and with milder cutaneous ADRs (c.. ;.,
mac ulopapula.z rash, erytbema  -20 WO 2007/134235
PCT/US2007/068782  r nulti (i?rrr e, urt :aria, or
fixed drug eruption) induced by CBZ. Thus. these 1.1 L
t-:[ alleles are used'( genetic markers for
determining whether a patient is at risk ?r
developing AD13.s (e.g., SJS, TEN, USS, or milder
cutaneous ADRs) induced by CBZ  compounds, allopurinol
compounds, or drugs otherwise having similar
structures 5 thereof" x('131, also known as TegretkA,
1egol, G-32883, 13iston, Calepsin, Caarhatrol,
1rpitol, Finlepsin, Sinai, Sta.zeepine, "Felesmin, or
Timonil, is ,in aromatic  ant.iconvulsaant. Other
aromatic arnticonvulsaaats, including phenytoiu
(Dilaarttin) and  phenobarbital, cause similar ADRs as
CR7. Therefore, 1-11_:: -13* 1502 can be 10
etaerployed to assess the risk for :'Chits to these
other aromatic anticonvulsaants as well,  The aromatic
a aatticonvulsants Ror which 1-ILA-13` 1.502 can be
used as a risk factor also  include compounds or
metabolites of'CR7,plaenytoin or phenobarbital.
Metabolites  of these drugs are known in the an (sec
(.tennis et aal., 199)1: Leeder, Epilepsiaa,  ~39
Suppl. 7:S5-16, 1998: Naishitt et al., Mol.
Phar'macol" 63(3).732-741, 200' ;), such 15 as CBL-10,
1 1 epoxide. Ci3Z-10, 11-d.iol, C13Z 2,:3-diol,
dihydro C 3Z, C'R7 catechol  



and CR7 o-quirrone, p-hydroxy phenytoin, phenytoin
dihydrodiol, phenytoin caatechol.,  phenytoin
metlaylcaatechol, aand phenytoin o--quinone.
Allopurinol is a drug for hyperuricemia and chronic
gout, The present invention provides a method of
predicting whether a patient is at  20 risk for
developing. A.DRs, particularly SJS, 'I l; N, or HSS,
baased on the presence of  certain HLA alleles or
their equivalent genetic markers in that patient. In
one example, the presence of t1LA-14321502 in a
patient indicates that the  patient is at risk for
developing S.S. ITN induced by C.BZ compounds,
compounds  otherwise structurally similar to CR7, or
maetaabolites thereot, Table I shows examples 25 of
compounds that can induce S IEN in an 131.-A-1;34.1502
carrier. Table 1. Drug compounds associated with SJS
in patients With 1TT A-.B* 1502
------------------------------------------------------
--------------------------------------------------
------------------------------------------------------
-------------------------------------------------- In
rr_d'e-r'U or Brood 1;. :IVs:: ?t2,';red EI I'i :la:
aGt E'ii~  Name -21 WO 2007/134235 PCT/US2007/068782
v ?3 l fi ,., , C.?;!ve i is-re is-nt,, o ihle.
C?E'at`tCi IE'23:'E,i E''S t.s {1t i ' E`tt .' 1?e.1?C
Name --------------- carbamazepine, Lpit,3A, Tcgr .toi
Mic:rotrol Bipotrol, carbanazepine carbamazepine, ?3~
rt ,r  Pharmavene, carbamazepine, Carbatrol SPD--417
H2N  5H-Dibenz[bff]azepir e-5-carb xar ride [CAS]
yx.c.arbazefalnc, Triieptal GP-47668O. GP-47779.
GP-47779 M HD, KIN--493, oxacarbazepine, TRI--47 6. Ti
I i'lF~ _ ter, 477, Tl2T-- 77 (M D), Trieptai NP,
[GAS] < 5H-Dibenz[b,f]azepine-5- 



carboxaride, 10,11-dihydr'o-1O-oxo  lirarl~a;~epirte
BIA-2 093  BIA- 005 fl 14 }} ~rl  ?3;n ------- - -----
-------- -------- -------- -----------------------
--------------------------------
------------------------------------------------------
-------- modafnil, Sparlon(New Formulation drug).
[CAS] Acetanilde, 2 - aE}> lJ~~
[(diphenylmethyl)sulflnylj In another example, the
presence of 1-41-A-13*5801 in a patient indicates that
the patient is at risk fbr SJS 1-l N or lHHSS induced
by allopurinol compounds.  compounds otherwise
strtuctr rally similar to aliopu.rinol, or metabolites
thereof. Table  11 shows examples of compounds that
can induce SJS 1 k.\ or HSS in patients  carrying
HLA-B*5801, -22 WO 2007/134235 PCT/US2007/068782  fl
ablell; Drrr`. compounds associated with SJS in
patients carry'ing ifi:I_..A.-43* 5801 Nt; ne5 AIc#
>puriaolt I\loprm. Zy oprirn, Apo.  Allopurlno,
Pr.rinol 0  Oxypudnol, Oxyprirr3 [CAS] .
1H-Pyrazolo[3, -d]pydr dine- I  4, 6(5 i-i, 7 1 )"d
lone Febuxostat, TEI-6723, T MX-67 ,.1  



[CAS]. 5-Thiazolecarboxylic acid, 2-[3
cyano--4--(2--rretl ylprapoxy)phenyl]--4- nethyr l
Y-i00  I _(3-Cyano-4_  rneopentyloxypheryl)pyrazole-4
- carboxylic acid -------- -------- --------- - ---
--------- nodaf'Enii, Sparion(New Formulation drug), {
[CAS] ; Acetarrlde,, 2 [(dlphenylr-nethyl)sulfinyl]- {
In yet another example., the. presence of ll l_:r'
_B*4601 in a patient indicates  4 that the patient is
at risk for developing mild cut neous ADRs. . ;.,
iaculopapular  rash, induced by CB/- Other FILA-B
alleles can also he predisposiive for cutaneous ADRs.
For  example, anky lirsi ~tx slac?rtdy lids i
sstrong-ly associated with HL-B-17 alleles, such as WO
2007/134235 PCT/US2007/068782  13*270143`2723. (Khan,
Corr. Opin. R1ieumatol., 12(4),235-238, 2000; [Mt1
aunp et al,, Curr. Opin. RR.heu.matol., 13(4):285-290,
2001). The presence of a genetic marker (e.g... an H
LA allele) can be determined by  direct detection of
that marker or particular regions within it. C
eIOn-aiC DNAs for 5 allele detection can he prepared
from a patient by methods well known in the art, e.g.,
PL REG1; -'. DNA purification system from Gentra
Minnesota. Detection  of a region within a genetic
marker of interest includes examining the
nucleotide(s) Methods known in the art can he used to
detect a particular region, e:.c , Sequence specific
10 ixli *tanaacl c~tides-h!~I~ridizaatiaa~ , Real-time
I'CR. or CSSO E1 I` A (M. Hiratsuka et al,  J. of
Biochemical and I3iophysie. 'Llethods, 67:87-94,
2006). The presence of H1.:.A-I3` 1502 can be
determined by detecting at least two of  Re-ions 1-6
shown in Fig. 1. The presence of these regions can he
determined by  detecting nucleotides at certain
position,, within these regions. e.g., positions I and
3 



-15 in Region I. positions I and 6 in Region 2, and
positions I and 3 in Region 3.  Presence of any two of
Re ioras 1-6 indicates that the patient is an t [LA-B*
1502  carrier. The presence of l[LA_W580)1 can be
determined by detecting aat least two of  Regions 1-6
shown in Fig. 2. The presence of these regions can he
determined by 'M detecting the nucleotides aat certain
positions w vit.hin these regions, e.g., positions 1.,
2.  and 5 in Region 1, positions I, =1, i, ;, 5 15, 1
t;, aid 2i! in Regkin positions 2, 4, 5,  8, and 9 in
Region 3, positions, 3 and 5 in Region 4, positions 1
and 9 in Region 5, and  positions 3 and 10 in Region
6. Presence of any two of Regions 1-6 indicates that
the  patient is art HLA-13158031 carrier, 25 1lie DNA
products obtained from PCR can be detected usin
sequence- speecilic probes, e.g., hydrolysis probes
from TaqMan, Beacons, Scorpion : or  hybridization
probes These probes are designed such that they hind
to the regions of interest, e.g,, Regions 1-6 of
HL.A_B* 1502 or Regions 1-6 of HL:A-B*5$01. The  PCR
products also can detected by DNA-binding agents e.
;-.. SYBRQR Green.  -24 WO 2007/134235
PCT/US2007/068782  T be presence of an allele of
interest also can he determined by detecting genetic
markers equivalent to the allele. Genetic markers near
the allele of interest  tend to co-segr'eg te, or show
a linkage disequilibrium. with the allele. Consequer
tlyt.  the presence of these markers (equivalent
genetic markers) .is indicative of the 5 presence of
the allele of interest, which, in tun, is indicative
0l'a risk for A:DR~  development. Exemplary genetic
markers equivalent to I1LA-B*1302 include  I)R131
"1202, C'w*0801, Cw*0806, A  1 101, aand MICA*019.
Exemplary markers  equivalent to IILA"B*5801 itnclude
A* 3;():., Cw~v*0302, DRBl"0301, aat-:nd MICA `00201.
10 An equivalent genetic marker can be of any type,
e.g.. an BLA allele, a  microsatellite marker, or a
single nucleotide polymorphism (SNP) a aaarker. A
useful  equivalent genetic marker is normally about
200 kb or less (e.~-., 100 kb, 80 kh, 60 kh,  40 kh,
or 20 kb) from the allele of interest. Methods
described above or known in the an be used to detect
the presence or absence of an equivalent genetic
marker.  



art c, 15 Alternatively or in addition, RN As, eDN.As,
or protein products of alleles of  interest can be
detected to determine the presence or absence of the
allele. For  example, serotying or microcytotoxity
methods can he used to determine the protein  product
of an 111_:,''4 allele. Tofurther increase the
accuracy of risk prediction, the allele of interest
and'or  20 its equivalent genetic marker can he
determined along with the genetic markers of
accessory molecules and co-stimulatory molecules which
are involved in the  interaction between
antigen-presenting cells and T-cells. These genetic
markers  include microsatellite and single nucleotide
polymorphism (SNP markers. The  accessory and
co-stimulatory molecules include cell surface
molecules (u .g_ (1)80, 25 CD86, C D2 , CD4, CD8, I'
cell receptor (TCR), IC'AM-1, CDI la, CDS8, CD2 etc.)
and inflammatory or pro- inflanu-natory cytokines.
chemok.ines (e.g., TNT-u'.. and  mediators
coanplements, apoptosis prmeins, enzymes,
e''xtracellular matrix  components, etc.). Also of
interest are genetic markers of drug metabolizing e.7
ni s which are :involved in the bioactivation or
detoxification of drte6gs. these; ge 11 tie  30
markers also include microsatellite and SNP marks rs.
The drug metabolizing WO 2007/134235 PCT/US2007/068782
enzymes include phase I enzymes (e.g , cytoclarone
11450 superfamily etc.) and phase 1.1 enzymes (e.g.,
microsomal epoxide hydrolase, aryinmine N
aeetyltranstcrase, t DP- glrcutronosyl-transferase,
etc.). The present invention further provides a method
for pharn acogenoniic 5 profiling. A panel of genetic
factors is determined for a given lad is ideal, and
each  genetic factor is associated with the
predisposition far a disease or .medical condition,
including ADRs. In the present method, the panel
art'genetic f dots includes at least  one allele
selected from the group consisting, of 111.:x.-B 1502,
H LA-13a`58O I and  1-11..A-13*4601. The panel can
include two alleles or all three alleles from the
=coup. 10 In addition to HLA-f * 1502, 5801 and./or
4601, the panel can include any other  known genetic
factors, such as thiopurine methvitransf .raase and
genes for the long- ftT syndronae. The genetic markers
for accessory, molecules, co-stimulatory;  nmolecules
and/Or drug metabolizing enzymes described above can
also be included. 



Also within the scope of the invention is a kit
containing probes for detecting  15 genetic ma.kers.
e.g., HLA-13"1502.1-1LA-f3*580l or HLA-I3 ` $ffl. The
term  "prole" used herein refers to any substance
useful for detecting another substance.  Thus. a probe
can be an oligonucleoti.le or conjugated
oligonucicotide that  specifically hybridizes to a
particular region within in allele of interest, The
conjugated oligonucleo ide a elers to an
oligonucleotide covalently bound to 20 chro oplaore or
a molecules containing a ligand (e.g., an antigen),
which is highly  specific to a receptor molecular
(e.g., an antibody specific to the antigen). The probe
can also be a 1'C;R primer, together with another
primer,.for anaplii'i:tag a particular  region within
the allele of interest. further., the probe can he an
antibody= that  recognizes an allele of interest or a
protein product of the allele. Optionally, the kit 25
can contain a probe that targets an internal control
allele, which can he any allele  pre:stnted in the
gene al population, e:.g. Clz\PDI-11(3-actin. KIR.
Dttect:a olraa-a  internal control allele is designed
to assure the performance of the kit. The ki can
further incItide tools and/or reagents for collecting
biological  samples from partients, a well as those
for preparing 30 or proteins from the samples. For
example. PCli. primers for amplifying the. relevant
-26 WO 2007/134235 PCT/US2007/068782  regions of the
geno ie DNA may be included. The it can also contain
probes for genetic factors useful in pharmaacogenonlic
.rof~iling e.g., thiopurine  methyltrans f ras e . In
one example, the kit contains a first probe and a
second probe, each for 5 detecting a region selected
from Regions 1-6 of ULA-13* 1?02 or :t-rom Regions lab
of  HLA-R*3801. "The first a_nd second probes target
different region . 't'hese two probes  can be a pair
of PCR printers, or labeled oligonucleotides useful in
hybridization  assays, Optionally, the kit can
.include a third probe for detecting an internal
control  allele, It can also include additional probes
for detecting additional regions within 10 l LA B*
1502 or I-II.A_B*5801. In yet another aspect, this
invention provides a method of identifying a drug
compound that induces aaa ADR. (e.g., x,.14. FEIN or
-IS) in a patient carrying an 14 LA  



allele associaated with the ADR (.g., HILA-B `1502,
HLA.-13*5S0l or 1-1.1 A--I *460l),  It is suggested
that drugs can be, presented by certain HL.A complexes
to activate "Y' -15 lymphocytes, consequently inducing
ADRs. T cells reactive to these drugs are  suggested
to he involved in the development of ADRs induced by
these drugs. 'Thus,  compounds that can activate these
T cells are candidates for inducing AI)Rs in a
patient carry ing one or more 1-ILA alleles associated
with these AT)Rs, As a result,  this method can. he
used as a screening method in rtevaw drug development
to find out 20 drug compounds that could induce such
ADRs. (3enotyping can be performed on an ADR patient
to determine whether the  patient carries an H LA
allele associated with the disease. T lymphocytes and
antigen- presenting cells (e g., 13 cells or
monocytes) can he isolated from the patient and
cultured in vitro following methods well known in the
art. (Naaishitt J. Mol 25 I'harmacol. 2003 Mar;
6$(3)732-41 , Wu et al, J Allergy Clin lrt-tttaunol,
2006  Jul:, 118(1),-133-4 1. E-published on 2006 Apr
27), B cells so isolated can he  transformed by
Epstein-Bar virus to generate B cell lines. I cells
reactive to a drug  can be expanded in the presence of
both the drug and autologous antigen-presenting
cell's, The expanded T cells can then be exposed to as
test compound in the presence 30 of atutolo ous
antigen-presenting cells to determine whether the test
compound can  -27 WO 2007/134235 PCT/US2007/068782
activate the T cells. If so, the, test compound is a
candidate that can, induce the ADR in a patient
carrying the same 1-11.A allele. Without further
elaboration, it is believed that the above description
has  adequately enabled the pyresent invention. The
following examples are, therefore, to  5 be construed
as merely illustrative, and not limitat.ive ofthe
remainder of the disclosure in arty tsar whatsoever.
A.11 of the publications cited h .rein are .hereby
incorporated by reference in their entirety. EXAMPLE
1. Detection of 141-A- 3; l5O2 and 1:-lt.., --11'580.
t.rs g Real-Time PCR  10 Cienomic D\As were extracted
from a patients, blood or saliva. 'hree pairs  of
1'C"R primers each targeting Regions I and 5, Regions
I and 4, or Regions 1, 3 and.  4 of 14 LA-f3 1502 (see
Fig.. I) were synthesized. In addition, one pair of
primers  



targeting Regions 2 and 4 of HLA.-B 1-580 i (see fig,
2) were synthesized. The  targeted regions were
amplified and detected using i1 BR Green Real-Titrte
IIC R -15 system (Applied Biosystem). Briefly, the
primers, the genomic DNAs, and the flower  SVB.R Green
P R master mixture (irncluded in the real-fir re
f'C'R. system) were  mixed. together and the PCR was
carried out by (i) activating polymerase at 95' C for
10 minutes, (ii) denaturing at 95Q C t r 15 seconds
and annealing/elongating DNA  chains at 7 l t C' :lor
I rrairtrUe. (iii) conducting 40 cycles of 20 el
rr~rt-trrirr ~rnncrtl'in 'elcrax jaatirr , and (iv)
disassociating the amplified product from  its
template at 95"C for I5 seconds, and 60' C for 1
minute. PCR amplification of LA  killer-cell
irnmunoglobuli.nlike receptor(KIR) was applied is an
internal control.  The presence or absence of
f-ILA_f3^'1502 or HLA-,B*5801 in a patient was
determined based on the Ct value of HLA_.f3;1502 or
HLA43*5801 and the difference: ?5 of Ct values (AC t
value) between UL_A-B l 50'/1-11_A-13"5$01 and 1. R,
The C t value  (threshold. cycle) is determined by
identifying the cycle umber-at which the reporter  dye
emission intensity is above background noise. The
threshold cycle rs determined  at the most exponential
phase of the reaction and is more reliable than
end-point nxeasurerneuts of accumulated PCR products
used by traditional PC R. rriethod.s. The  -28 WO
2007/134235 PCT/US2007/068782  threshold cycle is
inversely proportional to the copy number of the
target template, the  greater the template nu ber, the
lower the threshold cycle measured. 170 senomic DNA
samples extracted. from human B cell lines and 35
genonlic  DNA samples prepared from human blood or
saliva were: tested k )r detecting the 5 presence of
ULA-B 1502 following the method described above, The
Ct values of  HLA-B* 1502 and KU . were in the range
of 23-27 and 19-25,  espectively. The HHH ,A-B* 1502
were recognized as positive when the range of ACA
between, H.L..A- F3` 1 502 and KIR. was smaller than
7. In these 170 upercontrol, 15 gDNA with  HLA_11 1502
were present and were. verified by Dynal SSO kits, and
the results 10 indicate that both the. sensitivity and
specificity of this method reach >991 ,. 170 genomic
DNA samples extracted from human B cell 1inc s and 87
genoniic  DNA samples prepared from human blood or
saliva were tested for detecting the  



presence of HLA-13*5801 following the method described
above. For DNA samples  derived from IIL,A-.B 5801
positive patients, the C t values of'I-LA-13*5801 and
K.1R. 15 were in the range of 22.28 and 10-26,
respectively, The H.1.A B'5801 were  recognized as
positive when the range of ACt between 1 { 1.:A.-B
5801 and K I R was  smaller than 7. For l)NA samples
derived from 141.,A-B'5801 negative patients, the  Ct
value of H 1..A-13?5801 was about 34 and, the,,NCi was
greater than 13, In all the  sa t:aples. 51 -DNA were,
found 1-11. A_13*580:1 positive and were verified by
Dynal 20 SSC3 kits. These results indicate that both
the sensi:ivity and specificity :ached.  EXAMPLE 2.
Detection of 14LA-1 *1502. and 1-ILA-B"I.5801. lUsinaa
CS 3O1 ELISA.  The procedures for carrying out C SSO
ELISA are outlined in Fig. 3. 25 In general, using ge
nomtc. DNA,-, as templates, 13CRs were conducted to
produce products which contain the specific regions
shown in Figure l or Figure 2.  Either the Fo`tvard
primer or the Reversed Primer was labeled with a
1-.iyand I (Ll),  which Was recognizable by the
.Molecular 1 linked with an enzyme t e.g. HRP) The
PCR reactions were designed and conducted to produce
the prod cts containing one 30 or more specific
_regons, i.e., Regions 1-6 of 1-11-A-13* 1502 or
Reg.ions 1-6 of 111-.A- -29 WO 2007/134235
PCT/US2007/068782  B'k5801. `J ao competitive sequence
specific oligorar.ucleoddes (CSSO.I and CSSO2) were
designed. CSSO I specifically recognizes one of
Regions 1-6 of 111.r -13~Y i 502. or  Regions 1-6 of
Ht_ _W5li01, and CSS02 was designed to prime to the
common  type of -IL -B* 15 6,c, non-B 1502 alleles
cFr- non_R*_? 01. The CSSOI was 5 ldhekd ,,~ ith
I-.igand 2, which is recognizable by Molecular I I
coated onto a reaction  peat or strip. The PC.R
products thus obtained were hybridized with the two
CSSOs  on the reaction plate or a strip, After washing
away an free Molecule, substrate of  the enzyme was
added to the reaction plate. The enzymatic reaction,
signaled by the  presence of a color, is indicative of
the presence of 1-11,A-B-* 1502 or l:-I LA- 580l .  10
EXAMPLE 3. Correlation Between CM-induced S S FEN and
ElL:A_13* 1502 A total of 238 A OR. patients
(M.longoloid.s or Mongoloid deseendents) were
recruited either from Chang C3ung lemorial.Hospital or
from several other medical  



centers throughout t-aiwan for this study. -Their
drug-taking history including dosage 15 and duration,
and the phenotypes ofAI)Rs were recorded. The
diagnostic criteria of  clinical morphology aw'ere
defined according to Rou_icaau, J. invest t)ermaat?l.,
102(6):28S-30S, 1994. For example, S3S was defined as
skin detachment of less than  10% of bodz-serrfaic e
aar'eaa, overlap SJS 11_ N as skin, detachment of
10-30%%%,, andl'EN  as greater than Mi%. SJS, overlap
SJS-TEN and TEN are collective,ly referred to as  20
SJS" EN. For each patient, the suspected drag w s s
:llrtd a:~ and the patient observed  for sympto.nis.
Patients who developed a cutaneous ADR that did not
subside upon  w Withdrawal of the drug were excluded.
According to the criteria described above, 11 2
patients were diagnosed with  25 S3S,," hEN and .126
patients had a milder hypersensitivity reaction to
various drugs.  Among the 112 SJS 1 E'1N pafienits, 42
were exposed to CBZ (togretol.), 17 had taken  allo
urinol, and 53 were under medications other than CBZ
and allopurinol. 73 tegretol-tolerant patients were
included as controls, Volunteers from the  general
population of I'aiwanese (n 94, age range: 2{t to 80
years) were also 30 recruited. The. study was approved
by the institutional revieta board, and informed WO
2007/134235 PCT/US2007/068782  consent was obtained.
All of these patients werc. suh ected to genotypi.r 2.
BuJt1 , reagents f6r  performing a reverse line blot
assay using sequ nce-speciiic oligonuel .otide (550)
were purchased from DYNAL. Biotech Ltd. (Br'omhorough,
UK.). PC R products were 5 generated using
hiotiny'latecl primers fitr the sect? nd and the third
exo.tus of the f-HLA  class I or c lass fl. loci, and.
then hybridized to a line blot of SSO of probes
immobilized on a, nylon membrane. The presence of
biotin\ fated PCR product bound to a specific probe is
detected using strepta "v idin-horseradish peroxidase
(H RP) and a  ch.romogenic, soluble substrate to
produce a blue "line" at the position of the positive
10 probe. The Probe reactivity pattern was interpreted
by the genotyping software. Dyna.l 411.11 "" 550
(DYNAL Biotech Ltd.; 3.romborough, UK). Potential
ambiguities were  further resolved by sequence-based
typing and DNA sequencing perf )need according  to the
IHWG 'l echnical M nual (Itnternation al
Histocompatibility Working Group )5  



see Oenomic Analysis of the Human M111C DNABased
TT'yping for FI L A Alleles atnd -15 Linked
Polymorphisms. Marcel t i..l. 'Ti fat flt~s. Editor in
Chief'. ISBN No. 0-9452,78- 0'12_0. To some patients,
SNP genotyping was performed using high throughput
MALDI--TOF mass spectro retry. Briefly, primers and
probes were designed using  the Spec:roDESiGNER
software (Sequenom, San sego, A.. U 'SA). Multiplex 20
poly rnerase chain reactions (PCR) were perforiiied.,
the unincorporated cf'.`~1'I I's were
dephosphorylated using the shrimp alkaline phosphatase
(Hoffman-LaRoche, Basel,  Switzerland), followed by
primer extension. The purified primer extension
reaction  was spoted onto a 384-clement silicon chip
(SpectroCf IP. Se uenom), analyzed  using a Broker
13iitlex Ill M LAN-TOF SpectroREADER mass spectrometer
25 (equenom) 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, 1' values
were corrected for  comparisons of Multiple liLA
alleles (11c) by n ultiplying the raw P values by'
the.  observed number of LA alleles present within the
loci. Odds ratios dvt e, calculated WO 2007/134235
PCT/US2007/068782  with l'laldauae`s ratodificaation,
which adds 0.5 to all cells to accommodate possible
zero counts. As shown in Table 1, a DNA variant allele
in the H L. A-B locus ()ILA- 13* 1502) was associated
in patients with drug-induced SJS. 1 EN. particularly
in  5 Patients receiving (_ 1 I (tetgr-etol). Table 1.
HLA-1111502 11-equency in 42 Taiwanese patients having
C.13Z--indueee1  SJS/TEN 10 Allele Patients Controls
'P Coratrus2=, Corutrals3C X? Cetus P::  Patio  N=42
Nm142 N=94 NI=73 B'1502 42(100%) 9(6,3)% 137.28
1194.47 3.6x10?li  Bnt 502 42 (100%) 5(5.3%) 110,919
1383.2 2.15x10a  B1502 42 (100%) 31(4.1%) M.936 1712
9.1x1&2  



patients who had milder ADRs other than SJS general
Taiwanese population  patients who are 0132.-tolerant
X Chi-square with Yates correction 15 P,^, calculated
by multiplying the a%,` P values by the observed
number of HLA-B alleles (35).  N1_,A_l3*I :512 was
detected in 42 of 42 (100%) SJS, 1.t:\ patients who
received CBZ. The allele was also found in 17 of 53
(324'-4'1') SJ (1J patient; who  received ofl-ter
drugs 8 phenytoin, 2 allopurinol, 2 a.inoxieillin, l
sul'l:.asalazine, I 20 ketoprofen, I Ibuprofen, and 2
unknown drug). Paarticulaady, $ of 17 patients
(47.05%z) who developed S, "IT'N after taking
phenytoin also carried. the. HLA- B* 1502 allele. On
the otter hand, the allele was only found in 4,1%
(373) of the  CBZ-tolerant group, 0% (0/32) of the hen
tc~i~a toler u~ t r ~ ul , 6.3% (9/142) of the
patients who had milder ADRs other than SIS, and 5.3%
(5,94) of the eaeral 15 population. By using the
tolerant group as a. control, the odds ratio,
sensitivity,  specificity. positive predictive value.
and negative predictive value for 13 1502  associated
C Z-induced S.IS 1-1_ \, were 1712, M%., 95.89"a%.
90.0%, and 10M..  respectively. With such a high
predictive value and sensitivity, typing of this 1-11-
A-B WO 2007/134235 PCT/US2007/068782  allele can be
used in identi \ ing high-risk. pat:ic tits for
drug-induced S.1SIE E:N, particularly C_BZ or
phenytoin induced S.IS/-FF,N. The mild ADRs i duced by
CI3I was found to be associated with another  allele.
lf-A-B*4601. 10 out of 16 (675'%,o) of t t :. patients
with these milder reactions  5 to CBZ had 1-1 I-.
B*4601. In contrast, the allele was only thund in 26%
(I 9/73) of the CBZ-tolcr ant group. "Hie odds ratio
?r WA601 associated C.11Z-induced milder  cutaneous
ADRs w ,,is 4.73. C'onsequettl.<, 1-11-A-13* 601 can
be used in the risk  assessment for mild cutaneous ADR
induced b v. CBZ. 10 Table 2. Phenotype/genotype data
of patients ha ing CM induced cutaneous  ADRs ID
Suspected drug Phenotype HHiw -8 Genotype  1 Carbam
izepi.ne SJS B*1502 13 '3802 2 Carhamazepine_ 5.15 E3*
15 0 % B*301  



3 C arlm.ma.zepine SJS 13* 1502/ B *4006  4 Ca-ham
azcpine S is 13* 150> /B*3802  5 Carba:mazepine SJ5
13* 1502,B*' 802 cart?ar rtazepine, S.ls .B^~15112 li
802  hen ti~irr Carbamazel ine S 13* 1502:'8'4001  8
Carbamazepine S.JS E3* 1502;13*3901  9 Carhama :opine
SJS 3 1502.13 801  Ill Carrhan-raz.epine 515 WI-
1502111""580 1 ----------------
------------------------------------------------------
-- ------------------------------
------------------------------
------------------------------------------------------
--------------- 11 Carhamazepine S1S 13* 150-1/B "'
1523 12 Carhamazepine, SIS 8'15028'4002.  13 Carham
azepine S.1S 13* 1502/8'4006  14 Carhamazepine 5.1S B
* 1502 13 5801  15 CarhWrrazepine Overlap SJS./7 E?N
8* 13 0 1 13 1502  16 Carrharrrazepi e. Overlap Si S/T
EN1 13* 1502 8'3501  _3_ WO 2007/134235
PCT/US2007/068782  1113 Suspected drug Phenotype
1-ILA-8 C,enotyype 1 7 Ctiar-bamanpo e SJS :13*
1502.43 "3 02.  18 Carhama;repirte SJS B 1502 B*460
19 Ca.rhamaz pine SJS B* 1301 B* 1502.  'C3
Ca:rham,-irepinle SJS 13 z 15 1 B*5801
-------------------
------------------------------------------------------
--
------------------------------------------------------
-------
------------------------------------------------------
--------------- 21 Carhamazepine SJS B 1502'13*4601 22
C'arha~~ir~~pie. k?JS 13 1502  1'S.<JD 23 Carha
aarepime SJS B*15 2113 3501  24 C arhamarepine SJS 13
`:1502`13 `4601  25 C'arhamazepi.ne SJS 1,3*1502 B
4601  26 C  ha azepire SJS 13* 1502 8580.1  



27 Carlba. marepine SJS 13`81501; ,1502  28
Carbamazepine SJS C3*1 502/8 8400 1  29 C:
a"iamazcpiie s is 13151}2: carhamazepf e. 3C g elo
is_.a i ullcla. nc SJS B'' I501B k5$01  phut ytoir 31
Caba azepii e SJS 13 1501 /4601  32 Carbamazepire SJS
I3* 1502/"5801  3,? Ca'hamazepine SJS S*1502/4601  34
Carhamazepine SJS 8*1502/5502  35 CCa.rh&rmazepirne
SJS E *1502 3; eal ~~i~k~re ia~ , JS B*1502/4002  37
Carhamazepine SJS S*1502/4001  3 S Carhamazepine SJS
6*1502 39 e.a1saz ~a e l i re, SJS 8"1502 40
Carhanazepi nc Overlap `x.1S! EN 881502/4001  41
Carhamarepine Overlap S SIJ'E1 "11 02140031  -34 WO
2007/134235 PCT/US2007/068782  113 Suspected drug
Phenotype HLA-8 Cenotyype C  43 Carrha:ma;repine
1-naculopapular rash 3* 58OP13*4601  44 Ca.rbam.az
pine ery,tile a` a multiform 3*4001/8*4601.  45 Carh
am are irte macrtlopapular rash 8^ 1 01 B*4001.
-------------------
------------------------------------------------------
--
------------------------------------------------------
------
------------------------------------------------------
--------------- 46 Carhamaazepine And angioedezmat T3^
601 13`=:::1_31 47 Caa:rhamare ine mactlopapular rash
13*4001 13*460  Ctrhatae ite, 48 maculupapular rash
B*4001..'13*4001 I' SAID 49 C'arhamare ine
maculopapular rash 13 `1 01 '8 <5502  5t1 C:athatrta
c;pine lad roe> 11uM, oral and 



B*46(11'B*5801  genital ulcer 51 Carhamazepi.ne
N-1aaculopapula r 1 84601 385801  52 Cat hrrma epi_ine
And a f. ioede ma 1384001 ?_3 Catrhamarepine m
aculopapular rash 13` 4001 /1385101  54 Carbamazepine
maculopapular rash B"'1301,4001  55 Carl atna e it tx
aaculopapulat- rash 1384(101:`4.1'46(31 fi Carbat
aarepirae erythema multiform 138 601 X8' 5401  57
Carbatrmazepine maaculopapular rash B* 4601 5 Ca rbama
cl?irte e tl e_rt a multilt~t rtt 8*4 01/51101 EXAMPLE
4. Correlation Between llo ~atrltt l lrtcls ~ cl 1S I.
EN and 11LA-B*5801  14LA- 3"5801 was found to he
associated with allopurinol-induced 5 STS/ 1 l.X This
HLA-. 3 allele was found in all 17 (100%) SJI S
'severe. ADR patients  treated allopurinol (T'ables 3
and 4), but w gas found in only 18 sI of the general.
Taiwanese population (odds ratio 1.55, sensitivity
.100%, specificity, 821 positive  predictive value
84.7%, negative predictive value 100%, l'c=3.7x 10.4).
These  results suggest that 1-41 A-. *5801 is a useful
genetic marker, either alone of, in 35 WO 2007/134235
PCT/US2007/068782  combination with other genetic
markers, for assessing whether a patient taking
allopurinol is at risk for developing SJS I. E N.
Table 3. HLAa13 `58h.1 frequency in 17 Taiwanese
patients with allopurinol  induced severe cutaneous
ADRs 5 Allele Patients Controlsla Controls2b 2 odds
ratio Pt  nm17 na142 n@94 B*5801 17 (100%) 26(18.3%)
47.2 153.86 2,110-16  *5801 17 (100%) 17(18,0%) 41.7
155 3.7 x 10Y~'  10 patients who had ADRs other than
allopurlnol-induced cutaneous ADR  general Taiwanese
population f, Chi-square with Yates correction 



PG, calculated by multiplying the raw P values by the
observed number of HLA-B allays (35).  15 Table 4.
Phenotype/' enotyype data of patients v tl
allopurinol-induced  cutaneous ADRs Patient 113
Suspected drug Phenotype ,N L:.-B Genotype
------------------------------
--------------------------------------------
------------------------------------------------------
------
------------------------------------------------------
-- 5 9 allopurinol sis 13'`0705'13*5801 60 allopurinol
Si s ,B*1001 *5801  61, allopuritnol SJS 155143`5801
62 allopurinol SJS B"390 I 13`5801
------------------------------
------------------------------
--------------------------------------------
------------------------------------------------------
------
------------------------------------------------------
-- 63 allopurinol SJS 11`:5801 64 tllof ctrino1 S lS
13-`.39()1 /13`5801  65 allopurinol SJS 13`9)01
13'"580'1  66 allopurinol S3S ,13`4001:`13*5801  67
Allopurinol S3S 13` 1502/13**580I  68 allopurinol SJS
13`4001 /`19'5801  69 allopurinol S JS and. vasculitis
on leg B`460II/ *801 0 <Jllopuritol S JS. and
lic:hent?itl ;13`4001 l3"58E)1  <nlloptrim l 8JS
13`4002`8*5801  31,_ WO 2007/134235 PCT/US2007/068782
Patient ID Suspected drug Phenotype ; i.[1?s.-4
Genotype 72 allopcirinol SJS ;F3`4001.1"B"'5801  73
jtillopriaiol SJ 13`lUli13'Sttl  74 allopurinol TEEN
;13 1301 /5801  75 alloprinol SJS 13 5$01 l X N-ll'l E
Correlation between 1_ l 1 13*5801{ and All pur ol
induced 1 S  llLA-13'`5801 was also found to be linked
to ailopurinol-induced l1SS, which  includes cutaneous
rash (c-g., diffuse macciopa ular, ex.toliative
deri:natitis}, fever. 5 cosiaiophilia, atypical
circulating lyunphocytes, leu.kocyto is, acute
hepatocellular  



injury, or worsening renal u ction (Arellano et al.,
Ann. 'harinaacother., 27: }  1993). 31 patients were
studied, a r ono which 21 had SJS, 3 SJSEN, I TEN, and
15 DHSS. In all enrolled Cases, allopurinol was
regarded as the offending drain if the  10 onset of
ADR syndromes occurred within the first 2 months
ofallopurinol c xposure and the.A1_ Rs symptoms
disappeared upon withdrawal of the dlrugg. Patient's,
with any  of the following conditions were excluded.
absence of symptoms after re exposure to
allot}urinol, and patients with milder skin eruption
who did not meet the criteria of 1.1 SS, SJS or TTi N.
15 The onset of USS symptoms for all of the 31
patients was ~vithin the first 2  months of
allopurinol exposure and 2 patients had a second
attack within 2 days of re- exposure to allopurinol.
Twelve patients received other drugf sl in addition to
all.opurirnol, but their medical records revealed no
ADRs when these concomitant  medications wer: taken
without allopurinol.All patients had hyperuricemii
and/or 20 gouty' arthritis, as well as other chronic
illnesses, including hypertension (14/31),  chronic
renal disease (163.31), and diabetes (9:31).
Ninety-eight gtauty arthritis patients who had been on
aallopuri:nol for at least: 6  months (mean 38 months,
ru geW 6-107 months) with no syndromes of ADRs were
included as the allolaurinol-tolerant control. `l lsc
sex distribution of tolerant group is o t 7 a WO
2007/134235 PCT/US2007/068782  comparable to general
prevalence of gout in Chinese people. Furthermore, 93
normal  subjects served as the normal co trol group,
The demographic variables of these 3 groups are shown
in "fable 5. 5 Table 5. Demographic variables, dosage
and duration of alto urinol exposure in  severe Al)Ils
patients, tolerant patients, as well as normal
subjects Severe AORy Tolerant (n=98) Normal Sulalccts
Sex ~  Male )2 89 Female 19 9 41  



Age (years)   lecl iaaxa (a aaaai7e) n Ea (1 S )1) {
1-84) 9 t 22 91)  .Allopurinol dosage (mg/day) Median
(range) 143.3 (50-300) 159.2 (100-400) one  Duration
of allopurinol exposure edian (~ a ce) 28 ? da s 1
ids) 38 months 16.10') None  HLA_B*',801 allele was
present in all 3 1 (100%) of the patients havin  10
allopurnol-induced severe ADRs, in 16 (16.3%) of the
98 allo-purinol-tolerant  patients (odds ratio 315, Pc
- 1.3 and in 19 (20%) of the 93 normal subjects (odds
ratio 241, Pc  1(1 )) Relative to the all opur.irio I
-totenant group, the absence of  f-l LA-B*58 1 had aa.
negative predictive value of 100% for
aallopaarianal-induced  ADRs, and the presence of this
allele had a positive predictive value of 661N O, 15
Accordingly, ULA.-1B* S01. is a usefil marker with
high specificity (84%3) and.  sensitivity (100%) for a
allopuriaa:ol-induced severe .A[).Rs, including
cutaneous :ADRs  (e.g, STS. T'EN or l-HSS) aancl
aafloptiriaaol-induced DRESS (drug reaction with
cosinophilia and systemic sympto.ms). .....:'..;
11'l.:l; ti. Cis.a)etic laatkc rs 1'sc Tait aalent
tc)1l 1. A...... t)? o:r l ll..r -13 ti.s {}l  .10
Genetic markers near an HLA allele of interest tend to
co-segregate, or slum-- a  linka ge. clise~ltailil ~
ica:rv, vv ith the allele of interest. :"a 3 as
resai.lt, tlae lure ~e ce of these  markers
(equivalent genetic markers) is indicative:, of the l
r4 sence of the allele. WO 2007/134235
PCT/US2007/068782  To test the incidence of potential
equivalent genetic markets in patients with ADRs,
several markers in the 1 I .} -l Y 1502 haplot. pe
were determined ft)r their  association with ADs.
Indeed. IILA markers of the I.1LAYB* 150" haplotype,
such  as DRB I *1202, Cw*08()I . Cw*0806. r'1*I i01.
and MICA*019. had a significantly  5 high frequency in
SJS"[':I..N patients who had been exposed to CBZ
(fable 6). .Markers associated v ith HL.A.-13``58()1
were also determiaied. .Allele  distribution was
analyzed in 4 patients w. ho were homozygous for
111LA$13* 5$0I and  the ancestral hapioty'pe of this
allele was defined as including HLA- *330 , Cw 0 a02,
B*580'1 and DRB:l','030I. `['his ancestral haplotype
was presented in 12  



10 (38 '%) of the 31 aallopurinol-ADRs patients
(TTaa.ble 7), but only in 7.1 ".f7 of the  tolerant
patients and 9.'-',% of the normal su ject:s. Table 6.
Correlation between markers of 13.:.1502.. ancestral
haplotypes and  A:l)Rs
...................................................
......................................................
... .............................
_________________________ _________________________
CBZ ;1.11: CB Z Allopurinol General  :SIS `TF::\
Milder To: lerafnt S,1S l EN Population (w::42) (w:16)
(n _73)) (r 171 4ta':>94)  0 I~II::s-I3"1. 5)2. 42(:l
()Choi 0(3+s: ; ") 1 0., l z?: : t~) l (5,8~' . ~,)
S(53.%)  1-1.1_:,\ E. a ,"Ulw01 )S (9%) 1y 10(13.7%) '
(11 7 ) 10(10,6%)  1ll_,t t:"'41 06 3 17.1%) \13 0 (0
'n) o o%) 0 (w.Q,  fit_.A-A* l 101 31 (73.M.WCia) ND
NI) \I) 28(19,8%)  III _: \-DRBI { 1202 3' (83.3%) \I)
Ni) .\1.) 19 (20 ,2%) 1 Table 7. Frequencies of
individual or combined loci of IlLAa13 `';580
ancestral  haplotype in patients with
allopurinol-induced severe ADR .s,
allopurinol-tolerant  patients, and, in normal
subjects 20 >1lar;lrur auol Alt(apurino}- Normal  1)
Rs task aHt Subjects  };}580i 31 (100%) 16 (i 6.3%) 19
(2O.4%l  Cw`(K302 29 (9 e s%'i"} 15  15,3%) 19 00.4%)
A*3303 20#x6$5%18 0 20(215 1 WO 2007/134235
PCT/US2007/068782  3 [2: 3%) 1~ti1 (#Z ,U1 . : 1 (ta u
4 3 # # 14 3 4 1 5 P ) 11x; 801, (_-wk030~ ba(t? 5%)
1.5 (t 5.3"'2%) 19 (20t{.'.i%)  1 2' +1 C w-*0 02,
A-3303 2-0 (64.5%O 13 113)%--4) 161 I : 2` )  " 801,
(iv*03O , DR BI `4030 1 19 ((1 +%) 9 () '%) 1 0
4.10.81. B*5801. ("%v,'0302, A%303, DRB0O301 12 (38
7%:%) 7 47.1"'x) 9 9.7%)  Odds c tE#, i,keltytsur x t
:l)1 .'I'csler3~~al: 315 (95 x, i1. 18.3-5409.5)I g, =
1.5 x 10``'. 



t.ktct~ ##atft 4;1E"sip>## i#a l < T }C '\c?r#~ al;:
241 (95%%, C 1, 14.1-411)), p6.:1 x 1)'', M14C
rnaarcers aassociaated with 1-H1:A_B*5801 were also de
ermined using short  trat#cera~  ~ at pc
lynacarlstaisa # crass aJ d f f'j. Briefly. twenty
highly polymorphic 5 ra icaa~satc lli~ t azarl crs
located in the N-11-IC region were selected fi-o m NCM
database  (Le.. 1)65258. D652972, IMS510. IMS265,1
IMS388., D62814, 1-1 LAC-CA 1,  1.11..ABC:11,C'A2.
MIB. MIS A, 'l NTd, 13th 12"_C: A, D6S2? 7:3; 1;
3641615, DQCARR, (i51 152, D6S24 i 4, D6S 1867, !_ThS
1560,, a#nd 06S 1553). '1 lac av ct age lac e c r
c~sit  of these markers c-vas 13.72 with an estimated
spacing of 2300, 10 Primers w=ere designed based on
the sequences of these markers described in  the
Claaabase. PCRs were carried out to amplify and,
detect the presence or abs nce of  these markers in
patients using Gei eAmp 9700 tlacrmocyclers (Applied
Biosysteraas,  Foster City, CA. USA) (in a 5-pl
volwiae co.ntai:aa.ing 1.0 nix of w-crli;a-iic DNA and
033  Li NM of each primer). Up to 6 PCR, products
having appropriate sizes and displaying 15 f uorescent
signals were pooled before capillary gel
electrophoresis. The size of  polymorphic amplicos was
determined by eIcctropboresis of A131373(3 DNA
sequencer (Applied 1iliosystems). using the 1_..11530
size standard as an internal size  standard Applied.
Bi systems). Allele sizing was calculated using the
CIENM APPER  program version 3.0 (Applied Biosystems).
Allele calling and binning were 20 performed using the
SAS program, '1`five C'I;NI control individuals
(1331-(31. 1331- 02, .1317-2) and H2O were included in
all genotyping. experiments for quality control
purposes. Art allele block lcocated beta. eenn 11 ,A-C
aarnd `l'N1=d was fund. n tho  allopurinol-induced
A.131 . patient group, but not in the
allopurinol-tolerant group.  -40 WO 2007/134235
PCT/US2007/068782  using ar linkar c cline
ar:ilitrrirarrr blot. In this block., a haplottipe (M
l 3*358 MICA*.206 TN I'd* 140) near- the 11 LA-B
allele was identified. 'T'he a sc?t i rti n of tl . I
alrlcrt  with ADRs is consistent with the association
of HLA-I3*5801 with the same ADRs  tl?_1O.O0181 By
using STRII mark er-s and s quencing oft the MICA
allele.. all 5 allopurin rl-induced R. patients~iere.
found to carry the same. 13 allele (:13*5801),  MICA.
allele (MICA`-'0020I ) and T'.NF STRP marker (TNFd
`140). Except for on  



patient, all others Were also found to carry the same
MIB marker (MI13* 58).  EXAMPLE 7. Cross-Reactivity
o1`[yB/ ITLtactive J' Cells to Uxciarhalepine and 10
Licarbaze-oine ":I'wo patients haying (`13Z-induced
SJS I. I: N were recruited :front. Chang (luny.
Memorial .FHIospital. One of the patients carried
IH11.,.1. B* I502f'B*46t}.I, the other  IIILA_LB*
1502113*5101. Gene>mic. DNAs were extracted from the
patients using  PUREG[NE DNA purification system
(Gentra systems, Minnesota, USA). The l-il,A 15 B
alleles were verified rising sequence-specific oligonu
leotide reverse line blots  (DYNAL Biotech Ltd., B
orrthorough, U..K). Peripheral blood mononuclear`
cells (:I113MC s) were isolated from the patients  by
Ficoli-Isopaque Wharmacia Fine Chemicals, Piscataway,
Ni) density gradient  centrifugation. A portion of the
PWO, were transformed by Epstein-Bar virus to  20
establish autologoars B-cell lines. T cells reactive
to C'13Z were expanded as described below. 'PBMCs
prepared  from the patients were cultured in
completeRPM1 medium containing 10% heat- inactivated.
human serum, IL-2 ('g1_.- ml), and CBZ (25
pg/rrrl)(Sigma) in a 3700, 5ct4%  CO-2 incubator for 7
days. The 'Tcells were then expanded by co-culturing
with 25 irradiated (50Gy) autologous f3 cells in the
presence ofCBZ for 10 days. After `>  cycles of the
above co-culturing pr ocedure, the CBZ-act vatc d T
cells were collected  and sub acted to I LISPO T
assays (e 3ioscience). The CBZ-reactive T cells were
tested for their cross r eactivity to compounds  e.g-
CBZ 10, 1 i-epoxide Oxcarbazepine (brand name:
t:rilepta.l), , Licartmzopj tie, and  330
srrralin.atac. T3riefly, `I lymphocytes Ox 1()' cells)
w ra mixed with autcaldrgc?aas B cells (Sxlllr cells)
in 200 I.al RPM I medium containing I0% FI3S in the
presence or absence  -41 WO 2007/134235
PCT/US2007/068782  of a test coaaapcrund. The cells
were then incubated for 4 hours in the wells of an
1i1,ISPO'T' plate coated with  ti. ate,rferon i'
antibodies (Millipore). After incubation, the
supernatant of the cell culture was collected and
nterf:ron- contained therein was  detected using
antibody-mediated, methods known in the art. 5 Results
from this study indicate that C BZ-reactive T cells
were cross-reactive  



to CBZ 10, 1 t-epoxide. Oxcarbaazelaine, and
Licaarbazepine, but not to Sulindac.  OTHER
EMBODF-MENTS All of the features disclosed in this
specification may be combined in any  10 combination.
Each i-~ature disclosed in this specification may be
replaced byr an  alternative feature sere iaay the
same equivalent, or similar purpose, Thus, unless
expressly stated otherwise, each feature disclosed is
only an example of a generic  series of equivalent or
similar fdatUres. From the above description, one
skilled in the art can easily ascertain the 15
essential characteristics of the present invention,
and without departing from the spirit  and scope
thereof, can .make various changes and modifications
of flie invention to  adapt it to various usages aand
conditions. Thus, other embodiments are also within
the scope of the: following claims. WO 2007/134235
PCT/US2007/068782  What is claimed is. I. A method of
determining whether to patient carries HLA_B* 1502,
the  method coniprlsirlg: 5 detecting a first region
selected From a group consistin of Regions lab of  11
LA-R* 1502, detecting a second region selected from a
group consisting of Regions 1-6 of  H1..' rB* 1502,
and detea r ti:trinQ ~~ Nether the anent c t  ie
k11_:: _ 1502, the presence of both  10 the first
region and the second region indicating that the
patient carries 1i1.A-13*1502_  I. The method of claim
1, wherein the detection of Region 1 is achieved by
identifying the icieotides at positions I and 3
therein, 15 :. The method of claim :1, w herein the
detection of Region 2 is achieved  by lde.ntify ing
the nucleotides t positions I and 6 therein. 4, The
method of claim 1, wherein the detection of Region 3
is achieved  b identil~,ing then ucleot ides at
positions 1 and 3 therei.tn. 2tl 5. The method of
claim 1, w- herein either the first region or the
second  



region is detected by CSSO l LISA or Real-Time I?1. R.
6A method of determining whether a patient carries
HLA-13* 1502, the  25 method consisthig essentially
of-. detecting a first region selected from a group
consisting of Regions 1-6 of  HLA-ft 1502, detecting a
Second region selected from ar group consisting of
Regions 1-6 of  HLA-B* 1502, and -43 WO 2007/134235
PCT/US2007/068782  determining whether the patient
carries F[LA B `1502, the presence of both the first
region and the second region indicating that the
patient carries H:L VV 1502. 7, The method of claim 6,
wherein the detection of Region I is achieved  by
identifying the nucleotides at positions i and 3  ere
n. 8. The method of ela.i 6, wherein the detection of
Region 2 is achieved  by identifying the nucleotides
at positions I and 6 therein. 10 9. The a method of
claim 6, wherein the detection of Ref ion 3 is
achieved  by identifying the nucleotides at positions
I and therein. 10. The method of claim 6. wherein the
region is detected by CSSO- I5 F 'LISA or Real-Time
PCR.. 11., A kit for determining whether a patient
carries HLARB* 1502, the kit  comprising: a first
probe for detecting a3 first region selected f onm the
group Consisting of  20 Regions 1-6 of HLA fI" 1502,
and a second prof ae for detecting a second region
selected from the, group  consisting, of Regions 1-6
of H1_.A-B ` 1502). I?. The kit of claim 11. wherein
the kit further comprisin a third probe  25 for
detecting an internal control allele. I 3. The kit of
claim 11, ?herein the first and second probes are
oiiL,ontacleoides. 30 14. The kit of claim 13. wherein
the c?li ;onueleoides area pair of primers. 



WO 2007/134235 PCT/US2007/068782  15. A three-probe
kit for determining whether a patient tarries 1.1 LA
B* 1502, the kit comprising: a first probe for
detecting a region selected from the group consisting
of  Regions 1-6 of HLA.l3* i 502, a second probe . For
detecting a second region selected from the group
consisting of Regions 1-6 of 1-11. 't.t3` 1502, and a
third probe for detecting an internal control allele.
16. A method of determining whether a patient carries
111 A-B*5801, the  10 method comprisin; : detecting a
first.region selected from a go up consisting Of
Regions 1-6 of  1- LA-13*SS31. detecting a second
region selected from a group consisting of Regions,
1-6 of  1-11.::1. 3*5801, and 15 determining whether
the patient carries 111:.'x-13'5801, the presence of
both the  first region and the second region
indicating that the patient carries HLA-R*5801. 17, A
z aethod ofditermining whether a patient carries
lll_.A4 *5801, the  method consisting essentially of.
20 detecting a first region selected from a group
consisting of Regions .1 6 of  HLA- *5801 detecting a
second region selected from a group consisting of
Regions 16 of  111_:A_.11 5 01, and determining
whether the patient carries 1fLA 13`58111, the
presence of the first  ')5 region and the second
region indicating that the Patient carries
11LAr13*5801. 18. A kit for determining whether a
patient carries 11LA-1:3*801, the kit  comprising. a
first probe for detecting a first region selected from
the group consisting of  30 Regions 1.6 of ULA--13*5
11, and -45 WO 2007/134235 PCT/US2007/068782  



a. second probe for detecting a second region selected
from the group consisting of Regions 1-6 of HI.:'
-1=3*5 0:l. 19. A thrce-pr" lie kit for deter m nintg
whether a patient carries 111-A- 5 B 5801. the kit
comprising: a first probe for detecting a first region
selected from the group consisting of  Regions 1.6 of
1-1LA-B*5801, a second probe for detecting a second
regions selected from the grcltrp  consisting of
Regions 1-6 of HI.:: -I3*`8):l, and 10 a third probe
for detecting an internal control allele. 2[I. A
method of determining, whether a compound is a
candidate that induces an  adverse drug reaction
(AI)R) in a patient carrying, an H LA allele
associated with the  ADR induced by a drug, the method
comprising: 15 isolating 'l' cells from an A DR,
patient carrying an 1.11-A allele associated with  the
DR. expanding I cells reactive to the dru , isolating
antigen-presenting cells (A PQ from the patient,
contacting the expanded T cells with a compound in the
presence of the APC,  20 and examining whether the
compound activates the expanded T cells, wherein a
Compound that activates the expanded TI-' cells is
candidate that induces the  A DR .in a patient car
-yang the J I LA allele associatedwith the ADR. 


