(12) STANDARD PATENT (11) Application No. AU 2007249225 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)
(31)
(43)
(44)

(71)

(72)

(74)

(56)

Title
HLA alleles associated with adverse drug reactions and methods for detecting such

International Patent Classification(s)
C12Q 1/68 (2006.01)

Application No: 2007249225 (22) Date of Filing:  2007.05.11
WIPO No: WO07/134235

Priority Data

Number (32) Date (33) Country
60/800,121 2006.05.11 us
Publication Date: 2007.11.22

Accepted Journal Date: 2013.06.27

Applicant(s)
PharmiGene Inc.;Academia Sinica

Inventor(s)
Chang, Chi-Feng;Hung, Shuen-Lu;Chen, Wei-Hsuan;Chen, Yuan-Tsong;Shen, Chih-
Lung;Lin, Hsin-Yu

Agent / Attorney
Phillips Ormonde Fitzpatrick, 367 Collins Street, Melbourne, VIC, 3000

Related Art

HUNG et al., PNAS, 2005, Vol. 102, No. 11, pages 4134-4139

US 2005/0100926 A1

HAMANAKA, H. et al., Clinical and Experimental Dermatology, 1998, Vol. 23,
pages 32-34

EMMERSON, B.T. et al., Arthritis and Rheumatism, 1988, Vol. 31, No. 3, pages
436-440

US 5883238 A




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

AN
(o)

M| %
- - - ‘—/ . . .
(43) International Publication Date PCT (10) International Publication Number
22 November 2007 (22.11.2007) WO 2007/134235 A3

(51) International Patent Classification: Jhong-jheng Road, Lioujia Township, Tainan County 734

CI12Q 1/68 (2006.01) (TW).
(21) International Application Number: (74) Agent: TSAO, Y. Rocky; Occhiuti Rohlicek & Tsao LLP,
PCT/US2007/068782 10 Fawcett Street, Cambridge, Massachusetts 02138, (US).
. . (81) Designated States (unless otherwise indicated, for every

22) Int tional Filing Date: 11 May 2007 (11.05.2007

(22) Internation tling Late ay ( ) kind of national protection available): AE, AG, AL, AM,
(25) Filing Language: English AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
(26) Publication Language: English FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
30) Priority Data: IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
oo 66;;3)5:)31213 " 11 May 2006 (11.05.2006) US LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
’ ay (11.05. ) MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
(71) Applicants (for all designated States except US): RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
ACADEMIA SINICA; 128, Sec. 2, Acedemia Sinica TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Road, Nan-Kang, Taipei, 115 (TW). PHARMIGENE (g4 Designated States (unless otherwise indicated, for every

INC.; E1803, 18F, 3, Yuan-Qu St., Nan-Kang, Taipei, 115
(TW).

(72)
(75

Inventors; and

Inventors/Applicants (for US only): CHEN, Yuan-Tsong
[US/—]; No. 9, Alley 1, Lane 61, Sec. 2, Academia
Road, Nangang, Taipei, 115 (TW). HUNG, Shuen-Lu;
No. 340, Sec. 6, Chang-Nan Road, Chang-Hwa (TW).
SHEN, Chih-Lung; 2F, No. 41-2, Sec. 5, Minsheng East
Road, Taipei (TW). CHANG, Chi-Feng; 3F, No. 125,
Kang-Ning Rd., Sec. 3, Lane 70, Neihu, Taipei (TW). LIN,
Hsin-Yu; 2F No. 32, Lane 46, Guangfu S. Road, Song-
shan, Taipei, 105 (TW). CHEN, Wei-Hsuan; No. 569,

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

007/134235 A3 IV |00 0 00100 R0 0 000

(@]

WO

[Continued on next page]

(54) Title: HLA ALLELES ASSOCIATED WITH ADVERSE DRUG REACTIONS AND METHODS FOR DETECTING SUCH

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

intron-245-bp-

GCT- CCC- ACT- CCA TGA- GCT- ATT- TCT* ACA- QOG- CCA- TGT- CCC- GGC: COG- GCC: GOG- GGG AGC: CCC: GCT- TCA- TCC: CAG: TGG:
GCT" ACG- TGG- ACG: ACA: CCC: AGT- TOG- TGA- GGT TCG- ACA- GCG- ACG- CCG- (GA- GTC: CCA- GOA' TGG: QGC- CCC: GOG- (GC: CAT
GCA- TAG- AGC: AGG- AGG- GGC- CGG- AGT- ATT- GGG+ ACC: G%}@ A CAC: AGA TCI'CCA- ACA- CAC: AGA- CTT- ACC- CAG-
AGA GCC- TGC: GCA- ACC: TGC: GCG- GCT- ACT- ACA- ACC: AGA- GQG- AGG: CT- CTc ACA%(I} AGA- GGA TGT :@
Contain245bp in the balnk .-g: (not listed in detail)
GCT- GCG- ACC- TCG- GGC- QGG+ AQG: GCC GCC: TCC: TCC: G&-C%@ ATG ACC: ACT- CQG- OCT- AQG- AQG: GCA- AGG- ATT- ACA- TQG: CCC:
TGA- ACG- AGG- ACC: TGA: GCT- CCT- GGA- CCG- 0GG- OGG- ACA QG- OGG- CTC: AGA* TCA- CCC: AGC: GCA: AGT- GGG+ AGC- QGG+ CCC:
GTG- AGG- QGG AGC AS@GA-GAG- CCT- ACC: TGG* AGG- GCC- TGT-COG- TCG: AGT- GGC: TCC- GCA- GAT- ACC- TGG- AGA- ACG- GGA- AGG

ACA- CGC- TGC: AGC: GQG- CCG»

(57) Abstract: This invention relates to a method of determining the presence of certain HLA alleles, such as HLA-B*1502 or HLA-
B*5801, and a kit for carrying out this method. Also disclosed is a method for assessing whether a patient is at risk for developing
adverse drug reactions (e.g., Stevens-Johnson syndrome, toxic epidermal necrolysis, or hypersensitivity syndrome) based on the
presence or absence of a genetic marker (e.g., HLA-B*1502, HLA-B*5801, or HLA-B*4601).
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HELA ALLELES ASSOCIATED WITH ADVERSE DRUG REACTIONS AND
METHODS FOR DETECTING SUCH

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benetit of ULS, Patent Application No. 60/800,121,

filed May 11, 2006, the content of which s incorporated herein by 1ts entivety.

BACKGROUND

An adverse drug reaction {ADR) is an undesired and unintended effect of a
drug. Io particular, an adverse drug reaction occurs at doses used for prophylaxis,
diagnosis or therapy. According to a widely cited meta-analysis, ADRs were ranked
between the fourth and sixth most common cause of death (Lazarou ct al,, JAMA,
279(15):1200-1205, 1998). Cutancous ADRSs account for about 2-3% of all hospitad
admissions (Bigby et al,, JAMA, 256(24):3358-3363, 1986). They range from mild
maculopapular (MPE), with increasing severity, to life-threatening ADRs, such as
hypersensitivity syadrome (HSS) , Stevens-lohinson syndrome (SJS) and toxic
epidermal necrolysis {TEN: Lyvell’s syudrome). The mortality rate of the fatter can be
as high as 40%.

HSS is characterized by multi-organ involvements {e.g. hepatitis or nephritis)
accompanied with systentic manifestations (e.g. fever, arthragis, cosinophilia and
Ivmphadenopathy) in additional to skin rashes (Rowjeaw et al., N, Engl. §. Med,,
331:1272-1288, 1994, SIS and TEN are immune-complex-mediated hypersensitivity
disorders characterized by rapid development of blistering exanthema of purpuric
macules and target-like lesions accompanied with mucules involvement and skin
detachments (Rowjeau et al. ¥ favest Dermatol, 1994, H12:288-308). They are caused
mostly by drugs, such as sulfonamides, anticonvulsants, allopurinol, nonsteroiddal anti-
inflammatory drugs. and antimalartals (Roujeau et al., N, Eogl. §. Med.,

333243 1600-1607, 1993). In Tatwan, anticonvulsants (e.g.. CBZ, phenytoin and
phienobarbital) and allopurinet are the most common drugs causing SIS/TEN.

Recent developments of pharmacogenomics have implied that the

susceptibility to ADRs s associated with particudar genetic alleles. For exanple,

-1-
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genomic polymorphisms of the thiopurine methyltransferase gene were found
to be closely related to ADRs induced by azathioprine, a drug for
rheumatologic diseases or cancer (Yates et al. Ann. Intern. Med., 126(8):608-
614, 1997). It is also suggested that the susceptibility to SIS/TEN/HSS
induced by certain drugs is genetically determined (Gennis MA, Am. J. Med,,
91(6):631-634, 1991; Edwards SG, Postgrad. Med. J., 75(889):680-681, 1999).
However, the exact responsible genetic factors have yet to be identified.

These pharmacogenomics studies suggest that detecting ADR-
associated alleles in a patient is a useful approach for assessing whether that
patient is at risk for developing ADRs. This kind of molecular diagnostics
certified by Clinical Laboratory Improvement Amendments is now offered by
reference laboratories in the US and Europe.

To determine the presence of a particular genetic allele, one or more
allelic-specific nucleotide need to be detected. In many cases, multiple regions
within the allele must be targeted to achieve an accurate determination. For
example, currently available methods for determining an HLA-B allele (e.g.,
HLA-B*1502 or HLA-B*5801) requires detecting at least 6 regions within that
allele.

The discussion of documents, acts, materals, devices, articles and the
like is included in this specification solely for the purpose of providing a
context for the present invention. It is not suggested or represented that any or
all of these matters formed part of the prior art base or were common general
knowledge in the field relevant to the present invention as it existed before the
priority date of each claim of this application.

Throughout the description and claims of this specification, the word
“comprise” and variations of the word, such as “comprising” and *“‘comprises”,
is not intended to exclude other additives, components, integers or steps.

SUMMARY OF THE INVENTION
The present invention provides a method of assessing a risk of a human

patient for developing an adverse drug reaction in response to a drug,
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comprising detecting the presence of HLA-B*1502 in a sample obtained from
the patient, and correlating the presence of HLA-B*1502 in the sample with an
increased risk for an adverse drug reaction in the patient in response to the
drug, wherein the adverse drug reaction is Stevens-Johnsonsyndrome or toxic
epidermal necrolysis and the drug is oxcarbazepine or licarbazepine.

In one aspect the present invention is a method of predicting the risk of
a patient for developing adverse drug reactions, particularly SJS, TEN, or HSS.
It was discovered that HLA-B*1502 is associated with SJIS/TEN induced by a
variety of drugs, e.g., carbamazepine (CBZ). In addition, HLA-B*5801 is
particularly associated with SJIS/TEN induced by allopurinol. HLA-B*5801 is
also associated with allopurinol induced HSS. Milder cutaneous reactions
induced by CBZ, such as maculopapular rash, erythema multiforme, urticarial,
and fixed drug eruption, are particularly associated with HLA-B*4601.

Accordingly, the present application describes a method of assessing
the risk of a patient for developing an adverse drug reaction in response to a
drug, including performing HLA typing using a biological sample from the
patient. Any HLA allele

-2a-
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that is associated with the ADR with a sensitivity of at feast about 40% can be used as
the risk factor in the present invention. Preferably, the sensitivity of the risk factor is

at least about 50%, 60%, 70%, 80%, 83% or 90%. More preferably, the sensitivity is

at least 95%. The drag is preferably selected from the group consisting of CBZ,

5 oxcarbazepine (brand name: trileptal), licarbazepine, allopurinol, phenytoin,
sulfasalazine, amoxicillin, thuporfen and ketoprofen. Alternatively, the drag is
preferably not a nonsteroidal anti-inflammatory drug. Preferably, an HLA-B allele is
the risk factor.

Assessing the risk of a patient for developing an adverse drug reaction in
19 response to a drug. can be accomplished by deternuning the presence ol an HLA-B
allele selected from the group consisting of HLA-B*1502, HLA-B¥3801 and HLA-
B*601, wherein the presence of the HLA-B allele is indicative of a risk for an
adverse drug reaction. The drug can be selected front the group consisting of CBZ,

oxgarbazepine, ficarbazepine, allopurinol, oxypurinot , phenyvtoin, sulfasalazine,

N

amoxiciilin, thaprofen, and ketoprofen.

The adverse drug reaction can be a cutancouns adverse drag reaction. such as
SIS, TEN, or HSS. In one embodiment, the drug is selected from CBZ,
oxcarbazepine, Hearbazepine .and the alfele is HLA-B*1302. In another embodiment,
HELA-B¥3801 is used to predict the visk for SIS, TEN. or HSS, and the drugs can be
20 selected from allopurine! or oxypurinol. Other subtypes of HLA-B1S, BSE or B46,
such as HLA-B¥ 1503 or ¥1358, can also be used to predict the risk for developing an
ADR.

A genetic allele can be detected by direct detection of regionsinucleotides

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

3
7

urine or hair.  The alicle can also be detected by, for example, serological or
microcytotoxicity methods. It also can be determined by detecting an equivalent
genetic marker of the allele, which can be, ¢.g., an SNP (single nucleotide
polymorphism}, a microsatellite marker or other Kinds of genetic polymorphisms. In
other words, the presence of the HLA-B*1502. 3801 or 4601 haplotype. rather than

30 the allele per se, is indicative of a risk for adverse drag reactions. Exemplary
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equivalent genetic markers of HLA-B B*1502 baplotype inclaede DRB1¥1202,
Cw*OROT, Cw*0806, AX1101, and MICA*019. Exemplary equivalent genetic
markers of HLA-B¥3801 inctudes HLA-A*3303, Cw*(302, DRBIY030L, and
MICA*(201.

Another aspect of the present invention is a method of pharmacogenomics

‘I

profiting. This method includes determining the presence of at least one HLA-B
aflele selected from the group consisting of HLA-B*1302, HLA-B*3&01, and HLA-
B*4601. In one example, the presence of at feast two alleles selected from the group
is determined, such as HLA-B*1502 and HLA-B*3R01. In another example, the

1) presence of all three alleles is determined. The method can optionally comprise the
determination of other genetic factors, Those other genetic factors can be associated
with the predisposition for any discase or medical condition, inclading ADRs. For
example, these other genetic factors can be selected from the group consisting of

thiopurine methvltransferase and the genes for the tong-QT syndrome.

N

Also within the scope of this nvention is a method for determining whether a
patient carries HLA-B¥13502 or HLA-B*S801. This method inchudes the steps of: (1)
detecting a first region selected from cither Regions 1-6 of HLA-B*1502 or Regions
1-0 of HLA-B¥S801, (2) detecting a second region sclected from cither Regions 1-6
of HLA-B¥ 1502 or Regions 1-6 of HLA-B*S8{, the second region being different
20 fromt the first vegion, and (3) determining whether the patient carries the allele of
interest, the presence of the first and second regions indicating that the patient carries
HLA-B*1502 or HLA-B*3R01. These regions can be detected by Real-Time PCR or
Competitive Sequence-Specific Oligonucteotide hybridization assay coupled with

ELISA (CSSO-ELISA). In one example, detecting two regions selected from

3
7

Regions -6 of HLA-B* 1502 or from Regions -6 of HLA-B*3801 is sufficient to
determine the presence or absence of HLA-B*1502 or HLA-B¥3801. Allernatively,
three or more regions within HLA-B¥1502 or HLA-B*380 are detected.

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

30 atpositions T and 6 within Region 2, and at positions 1 and 3 within Region 3
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{including the nucleotides in either the sense strand or the anti-sense sirand al these
positions).

Detection of Regions 1-6 of HLA-B¥3801 can be achieved respectively by
identifying nucleotides at positions 1, 2, and 3 within Region 1, at positions 1, 4, 6, 7,
&, 135, 16,and 20 within Region 2, at positions 2, 4, S, 8, and 9 within Region 3, at
positions 3 and § within Region 4, at positions 1 and 9 within Region 3, and at
positions 3 and 10 within Region 6.

The present invention also provides a kit for detecting a genetic allele, e.g.,
HLA-B*1502 or HLA-B*3801. In one example, this kit contains a first probe and
second probe, each targeting a region selected from Regions 1-6 of HLA-B*1502 or
Regions 1-6 of HLA-B*3801. The two probes target different regions. The kit can
further include a third probe that targets an internal control allele. It can also inchude
one or more additional probes for detecting one or more additional regions within
HLA-B¥{502 or HLA-B*3801.

Further provided s a method for determining whether a compound is a
candidate that induces an ADR (e.g., SIS/TEN, HSS. or a milder catancous ADR) ina
patient carrying an HLA allele (e.g., HLA-B¥1502, HLA-B*3801, or HLA-B*4601)
associated with the ADR induced by & drug {(c.g.. CBZ, allopurinol, or phenytoin).
This method inclades the steps oft (1) isolating T cells from an ADR patient carrying
an HLA allele associated with the ADR, (2) expanding T cells reactive o the drug
that induces the ADR, (3) isolating antigen-presenting cells from the patient, ()
contacting the expanded T cells with a compound in the presence of the APCs, and (3)
examining whether the compouand activates the expanded T eells. A compound that
activates the T cells is a candidate that induces the ADR in a patient carrying the same
HELA allele.

A patient has a “risk” for an ADR if the probability of the patient to develop
an ADR is higher than the probability of the general population to develop the ADR.
The probability of the patient to develop the ADR is at lvast about 1.5 fold, more
preferably at least about 2 fold, still more preferably at feast about 3, 4,5, 6, 7. 8 or 9

fold, and most preferably at feast about 10 fold as high as the probability of the
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general population to develop the ADR. The probability can be determined by any
method known in the art, such as by using the incidence of risk factors. For example,
a given risk factor is present in 5% of the general population. 1 this factor is present
in 10% of the patients who have an ADR, then the probability of & patient with this
risk factor to develop the ADR i3 2 fold as bigh as the probability of the general
popalation to develop the ADR.

A Urisk factor” for an ADR is a factor that is associated with the ADR. The
sensitivity of a risk factor is preferably at least about 40%, more preferably at least
about 30%, 60%, 70%, §0%, §85% or 90%. Most preferably, the sensitivity is at least
95%. The “sensitivity™ of a risk factor for predicting an ADR is the percentage of
patients with the ADR that possess the rvisk factor. In other words, if every SIS
patient has allele A, the sensitivity of allele A for predicting SIS is 100%%. 1f 20 out of

o SIS is

=

40 8IS patients bave allele B, then the sensitivity of allele B for predictin
0%,

An “equivalent genetic marker” of an allele of interest refers to a genetic
marker that §s linked to the allele of interest, Le.., it displays a linkage disequilibrium
with the allele of interest,

“Pharmacogenomics profiling” refers to the determination of genetic factors
present in a subjoct that are assoctated with diseases or medical conditions,
particularly adverse reactions to drugs. Typically, a panel of genetic factors is
determined in pharmacogenomics profifing, and 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 @ drag or the
same as the drug except that at feast one hydrogen in the drug is substituted with a
halo, hydroxyl, acylamino, alkyl, alkenyvl, alkynyl, alkoxy, arvioxy, aryl, aryloxyaryi,
carboxyl, carboxylatkyl, carboxyl-substituted alkyl, carboxyl-cycloalkyl, carboxyl-
substituted cyctoalkyl, carboxylaryl, carboxyl-substitated aryl, carboxytheteroaryl,
carboxyl-substituted heteronryl, carboxylhsterocyclic, carboxyl-substituted
heteroeyelic, eycloalkyvl, substituted atkyl, substituted alkoxy, substituted aryl,

substituted aryloxy, substituted aryloxyaryl, substituted cycloalkyl, heteroaryl,

-6-
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substiteted heteroaryl, beterocyclic or substituted heterocvelic group, The chemucal
groups are defined betow. The subsistent can contain zero to ten, zero to six, zero {0
four, or zero to two carbon stoms,

As used herein, “alky!™ refers to alkyl groups having 1 1o 10 carbon atoms or |

‘I

to 6 carbon atoms.  “Substitated alkyl” refers to an alkyl group, preferably of from |
to 10 carbon atoms, having from | to § substituents selected from the group consisting
of alkoxy, substituted atkoxy, acyl, acylamine, thiocarbonyiamineg, acyloxy, amino,
antdine, alkyl amidino, thioanudino, aminoacyl, aminecarbonylanino,
aminothiocarbony lamino, aminocarbonyloxy, aryl, sebstituted aryl, aryloxy,

19 substituted aryloxy. aryloxylaryl, substituted arvioxyaryl, cyano, halogen, hvdroxyi,
nitro, carboxyl, carboxyatkyl, carboxyi-substituted alkyl, carboxyl-cycloalkyl,
carboxyl-substitated cveloalkyl, carboxylarvi, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroaryl, carboxylheterocyclic, carboxyl-

substituted heterocyclic, cycloalkyl, substituted cyeloalkyl, guanidino,

iR

guanidinosulione thiel, thioalkyl, substituted thicatkyl, thivaryl, substituted thioaryl,
thiocycloalkyl, substituted thiocycloatkyl, thioheteroaryl, substitated thioheteroaryl,
thicheterocyelic. substituted thioheterocyclic, heteroaryl, substituted aryl, substituted
heteroaryl, heterocycelic, substituted heterocyelie, eycloalkoxy, substituted
cycloalkoxy, hetervaryloxy, substituted beteroaryioxy, heterocyelvloxy, substitated
20 heterocyelyloxy, oxycarbonylamine, oxythiocarbenylamino, ~OS(Oj -alkyl, -OS(O):
-substituted alkyl, -OS(O); -aryl, ~-OS(O); -substituted arvl, -O8(0}, -heteroaryl. -
OGS ~substituied hetervaryl, -ON0): -heteroeyclic, -OS(O); - substituted
heterocyelic, OS0; -NRR, -NRS(O); -atkyl, -NRS{O): -substituted alkyl, -NRS(O); -
aryl, -NRS(Q}; -substituted aryl, -NRS(O); -heteroaryl, -NRS(QO}, -substituted

3
I

heteroaryl, ~NRS(O)y ~heteroeyelic, -NRS(O): -substituted beterocyclic, -NRS{Q); -
NR-alkyl, -NRS(O) -NR-substituted alkyl, -NRS{O); -NR-arvl -NRS(O); -NR-
substituted aryl, ~NRS(O); ~NR-heteroaryl, ~NRS((), -NR-~substituted

hetergaryl, -NRS(Q); -NR-hsterocyelic, -NRS(Q); -NR-substituted hetsrocyylic,
mone- and di-alkylanine, mono- and di-(substituted alkyDamino, moncand di-

30 arylamino, mono- and di-(substituted aryhamino, mono- and diheteroarylamino,
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mono-~ and di~(substituted heteroarylamino, mono- and diheterocyclic aming, mono-
and di~{substituted heterocyelic) amino, unsynmmetric disubstituted amines having
different substituents selected from the group consisting of alkyl, substituted atkyl,
aryl, substituted aryl, beteroaryl, substituted heteroarvl, heterocyelic and substituted
heterocyedic; substituted alkyl groups having amino groups blocked by conventional
blocking groups and atkyl/substituted alkyl groups substitated with -8O; -alkyl, -SO;
-substituted alkyl, -8Q; -alkenyl, -8Q; -substituted alkenyl, -SO; -cyvcloalkyl, -SO- -
sabstitated cyveloalkyl, ~SOn ~aryl, ~SO; -substituled arvl, -SO- ~heteroaryl, -SO; -
sabstitated heteroaryl, -SO; ~heterocyelie, -SQ; ~substitated heterocyelic or <SO» ~-
NRR, where R is hydrogen or alkyl,

“Alkoxy™ refers to the group “altkyl-0-" which includes, by way of example,
methoxy, ethoxy, n-propoxy, 8o-propoxy. u-butoxy, tert-butoxy, sec~butoxy, v-
pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like, “Substituted atkoxy™ refers to
the group “substituted alkyi-0-"

“Acy” vefers to the groups H-C(Q)-, atkyl-CN-, substituted alkyl-C{O)-,
alkenyl-C{O)-, substituted alkenyl-C{O)-, alkynyl-C(O}-, substituted alkynyl-C(O),
cycloalkyl-C{O}-, substituted eycloalkyl-C(O)-, aryC{O)-, substitated ary-C(O)-,
heteroary-C(O)~, substituted heteroaryi~C(Q), heterocyelic~C(QO)-, and substituted
heterocyelic-C{OJ-, wherein atkyl, substituted atkyl, atkenyl, substituied alkenyl.
atkynyl, sabstitated alkynyl, cycloatkyl, sabstitated cycloatkyl, arvl, substituted aryl.
heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic are as
defined herein.

“Acylamino” refers to the group -C{OINRR where cach R is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkvoyvl, substituted alliynyl, aryl, substituted avyl, cveloalkyl,
substitited eycloalkyl, heteroaryl, substituted beteroaryi, heterocyelie, and sabstituted
heterocyelic; and where each R can be joined o form, together with the nitrogen
atom, a heterocyelic or substituted heteroeyclic ring wherein atkyl, substituted alkyi,

atkenyvi, substituted atkenyl, alkynyl, substituted atkynyl, cycloalkyl, substituted
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eveloalkyl, aryl, substituted aryl, heteroaryl, substituted heterocaryl, heterocyelic and
sabstiteted heterocyclic ave as defined herein.

“Acvioxy™ refers to the groups alkyl-C(O)O-, substituted atkyl-C{OY0-,
atkenyl-C(OO-, substituted atkeny-C{O)O-, alkynyl-C{OYO-, substituted alkynyl-
CLOYOD-, aryl-C{ONO-, substituted arvi-C{OY0-, cyecloatkyl-C((HO-, sabstitated
eycloalky-CION0-, heteroary-C{OYO-, sabstituted heteroaryLC{OYO-, heterocyclic-
C{OO-, and substituted heterocyelic-C{OB0- wherein atkyl, substituted atkyl,
atkenyl, substituted alkenyl, alkynyl, substituted atkyayl, cycloalkyl, substituted
cveloaltkyl, aryl, substituted aryl, heteroaryl, substituted heteroarvl, heterocyelic, and
substituted beterocyelic are as defined herein.

“Alkeny!” vefers to alkenyl group preferably having from 2 to 10 carbon atoms
and more preferably 2 1o 6 carbon atoms and having at feast 1 and preferably from 122
sites of alkeny! ansaturation. “Substituted alkeny!™ refers to atkenyl groups having
from 1 to 5 substituents selected from the group consisting of alkoxy, substituted
atkoxy, acyl, acylamino, thiocarbonylamine, acvloxy. amino, amidine, altkylamiding,
thivamidino, aminoacyl, aninocarbonylamino, aminothiocarbonylamino,
aminocarbonyloxy, aryl, substituted aryl, arvloxy, substituted aryloxy, aryloxyaryl,
substituted aryloxyaryl, halogen, hydroxyl, cyano, nitro, carboxyl, carboxylalkyl,
carboxyl-substituted alkyl, carboxyicyeloatkyl, carboxyvi-substituted cyeloatkyl,
carboxylaryl, carboxyl-substituted aryl, carboxytheteroaryl, carboxyi-substituted
heteraaryl, carboxyibeteroeyclic, carboxyisubstituted heterocyclic, cycloatkyl,
substituted cveloalkyl, guanidino, guanidinosutfone, thiol, thicalkyl, substituied
thioatkyl, thioaryl, substituted thioaryl, thiceycloatkyl, substitated thiocycloalkyl,
thicheteroaryl, substituted thioheteroaryl, thioheterocyelic, substituted
thioheterocyelic, heteroarvi, substituted heternaryl, heterocycelic, substituted
heterocyelie, cveloalkoxy, substituted cycloatkoxy, heteroaryvloxy, substituted
heteroaryloxy, heterocyclyloxy, substituted heterocyclyloxy, oxycarbonylamino,
oxythiocarbonylamino, ~-OS{0); -alkyl, ~OS{0O); -substituted atkyl, ~-OS(Q); ~arvl, -
OS2 -substituted arvi, -OS(O): - heteroaryl, -OS{(On -substituted heterouryl, -
OS{O): ~heterocyclic, -O8{0): - substituted heterocyelic, -OS0; -NRR, -NRS(O)z -

9.
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alkyl, “NRS(O3; ~substituted alkyl, ~NRS(Q); ~aryl, ~NRS(O, ~substituted arvi, -
NRS{O); ~heteroaryl, -NRS(O); -subshiuted heteroaryl, ~ANRS(O)s ~heterocyehie, -
NRS(Q); -substituted heterocyelic, -NRS(O): ~NR-alkyl, ~-NRS{O): ~NR-~substituted

atkyvi, SNRS(O): -NR-alkyl, -NRS(0O); -NR-substituted aryl, -NRS{O) -NR-
5 heteroaryt, ~NRS(O)y -NR-substituted heteroaryt, -NRS((); ~NR-

heterocyelic, -NRS(O), -NR-substituted heterocyclic; monoe- and di-alkylamino,
mene- and di-(substituted alkylamine, monoand di-arylamino, mono- and di-
{substiteted arylamino, mono- and diheteroarylamino, mono- and di-(substituted
heteroaryanuno, mono- and diheterocyclic amino, mono- and di-(substitated

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

groups {such as Boge, Cbz, formyl, and the like) and alkenylsubstituted alkenyl groups

iR

suabstiteted with -SO; -alkyl, -S04 ~ substituted alkyl, SO ~alkenyl, -SO» ~substituted
atkenyl, -SO; ~cyeloalkyl, -SO» ~substituted cycloalkyl, -SO; -aryl, -80; -substituted
aryl, -SO; -heteroaryl, -SOx ~ substitated heteroaryl, ~SO; ~heteroeyclic, ~SO; -
substituted heterocyclic or ~SO; NRR, where R is hydrogen or alkyl.

“Alkynyl” refers to atkynyl group preferably having from 2 to 10 carbon
20 atoms and more preferably 3 to 6 carbon atoms and baving at feast 1 and preferably
from 1-2 sites of alkyny! unsaturation. “Substitated alkyny!™ refers to alkynyl groups
having from 1 to 5 substituents selected from the group consisting of alkoxy,
substituted atkoxy, acyl, acylamino, thiocarbonylamino, acyloxy, amino, anmidino,

alkylamidino, thicamidino, aminoacyl, aminocarbonylamino,

3
I

aminothiocarbonylamino, arninocarbonyloxy, aryl. substituted aryi, aryloxy.
substitited aryvioxy, aryloxyaryl, substitited aryloxyaryl, halogen, hydroxyl, cyano,
nitro, carboxyl, carboxylatkyl, carboxyl-substituted alkyl, carboxyleycloalkyl,
carboxyl-substituted cycloalkyl, carboxylaryl, carboxyl-substinuted aryl,
carboxytheteroaryl, carboxyl-sabstiteted heteroaryl, carboxyiheterocyelic, carboxyi-

30 substituted heterocyclic, cycloalkyl, substitated cyveloalkyl, guanidino,

-10-
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euanidinosutfone, thiol, thioalkyl, substituted thicalkyl, thioaryl, substituted thioaryl,
thiocyeloalkyl, substituted thiocycloatkyl, thiohetercaryl, substituted thioheteroaryl,
thioheterocyclic, substituted thioheterocyelic, heteroaryl, substituted heteroaryl,
heterocyelic, substituted heterocyclic, cycloalkoxy, substituted eycloalkoxy,
hetesoaryloxy, substituted hetervaryloxy, beterocyelyloxy, substituted
heterocyelyloxy, oxycarbonylamino, oxythiocarbonylamino, ~OS{0); ~alkyl, ~-OS(O);
-substituted atkyl, -OS(O)2 -ary, -0OS(QY, -substituted aryl, "QS{O)-
heteroaryl, -OS{0); -substituted heteroaryl, ~OS(O) ~heterocyedic, ~OS(O): -
sabsutated heterocyclic, ~OS0; NRR, -NRS{O), -alkyl, ~NRS(O), ~
substituted alkyl, -NRS(O): -arvl, -NRS(OQ): -substituted aryl, -NRS(O); ~heteroaryl, -
NRS(Q): ~substituted heteroaryl, -NRS(O): ~heterocyelic, -NRS(O): -substituted
heterocyelic, -NRS(Q): -NR-alkyl, -NRS{O}; -NR-substituted atkyl, -
NRS{O): -NR-aryl, -NRS{O}; ~NR-substituted aryl, -NRS{O}: -NR-beteroaryl,
-NRS{0O): -NR-substituted heteroaryl, -NRS(O): -NR-heterocycelic, -NRS(O), -NR-
substiteted heterocyclic, mono- and di-atkylanine, mono- and di-(substituted
atkyhamino, monoand di-arvlamine, mono- and di-(substituted aryDamino, mono-
and diheteroarylamino, mono- and di~(substituted heteroaryhamino, mono- and di-
heterocyelic amine, mono- and di-(substituted heterocyclic) amino, unsymmetric di-
substituted amines having ditferent substituents selected from the group cousisting of
alkyl, substitated alkyl, aryl, sabstitated aryl, heteroaryl, substituted heteroaryl,
heteracyelic and substituted heterocyclic; substituted alkynyl groups having amine
aroups blocked by conventional blocking groups {such as Boe, Chz, formyl, and the
like), and alkynyl/substituted atkynyl groups substituted with -SO» -alkyl, -SO; -
substituted alkyl, ~SO» ~atkenyl, -SO; ~substituted alkenyl, -8O; ~cyeloalkyl, SO, -
substitated cycloalkyl, -SO; -aryl, -SO; ~substituted aryl, -SO; -heteroaryl, -8 ~
substitited heteroaryl, -SO; -heterocyclic, -SO; -substituted heterocyelic or -S04
NRR. where R is hydrogen or alkyl.

“Aminoacy!” refers to the groups -NRC{Oalkyl, -NRC{O)substituted alkyl,
-NRC(O)eveloatkyl, -NRCIO)sebstiteted eycloatkyl, -NRC{O)alkenyl,
~NRC(O)-substituted atkenyl, -NRC{OY-alkynyl, ~NRC{O)~substituted alkynyl,

-i1-
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-NRC{O)-arvi, -NRC(O)substituted aryl, -NRC(O)seteroaryl, ~-NRC(O)substituted
hateroaryl, -NRC{Oheterocycelic, and -NRC(O)substituted heterocyclic, where R i
hvdrogen or alkyl and wherein alkyl, substituted alkyl, alkenyl, substituted atkenyl,

alkynyl. substituted alkynyl, cycloalkyl, substituted cycloatkyl, aryl, substituted aryl,

‘I

hetesroaryl, substituted heteroaryl, hetevoeycelic and substituted heterocyelic are as
defined herein,

“Aminocarbonyioxy™ refers to the groups -NRC{O)YO-alkyi, -NRC(OYO-
sabstitated alkyl, -NRCENQ-atkenyl, ~-NRC{OY)-substituted alkenyl, -NRC({O30-
atkynyl, “NRC(O)O-substituted atkynyl -NRCOYO-cveloalkyl, -NRC(OM)-

10 sebstitated cycloalkyl, ~NRC{O)O-ary, -NRC(O)O-substituted aryl, ~-NRC{O)YQ-
heteroaryl, -NRC(OYO-substituted heteroaryl, -NRC{O)Y-heterocycelic, and -~
NRC(O-substiteted beterocyclic where R is bydrogen or alky! and wherein alkyl,
substituted atkyl, alkenyl, substituted alkenyl, alkyayl, substituted alkynyl, cycloalkyl,

substituted cycloalkyl, aryl, substituted aryl, hetercaryl, substituted heteroaryl,

iR

heterocyclic and substituted heteroeyclic are as defined herein,
“Oxycarbonylamino™ vefers to the groups -OC(OINRR, ~OC{OINR-alky,
~OCIOINR-substituted alkyl, <OC{OINR-~atkenyl, ~OCOINR-substituent alkenyl,
SOCIEHNR-alkynyl, “<OCIO)NR-substituted alkynyl, -OC(O)INR-cycloalkyl, -~
OCEOIINR-substitated cyeloalkyl, ~OCOWNR-aryl, ~-OC{OINR-substitited
200 aryl, OCIONR-heteroaryl, -OCO)NR-substituied heteroaryl, <-OC{OINR-
heteracyelic, and -OC(OINR-substituted heterocyclic where R is hydrogen or alkyl,
and where cach R can be joined to form, together with the nitrogen atom, a
heteroeyelic or substituted heterocyelie ring and wherein atkyl, substituted alkyd,

alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted

3
I

cycloalkyl, aryl, substituted aryl, heterparyl, substituted hoteroaryl, heterocyelic and
substitited heterocyelic are as defined berein.

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

{e.g., naphthyl or anthryl) which condensed rings may or may not be aromatic
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{e.g., 2-benzoxazohnone, 2H-1 4-benzoxazin-3{4H-one-7-vi, and the like). Preferred
arvls inchude phenyl and naphthyl.

Substituted arvl refers to aryl groups which are substinuted with fromi T to 3
substituents selected from the group consisting of hydroxy, acyl, acylamino,
thiocarbonvlamino, acyloxy, atkyl, substituted atkyl, alkoxy, substituted alkoxy,
alkenyl, substituted alkenyl, atkynyl, substituted atkynyl, amidine, alkylamidino,
thioamidino, amino, aminoacyl, aminocarbonyloxy, aminocarbonylamino,
aminothiocarbony lamino, arvl, substituted arvil, avvioxy, substituted arvioxy,
cycloalkoxy, substituted cycloatkoxy, heteroarviogy. substitated heteroaryloxy,
heterocyelyloxy, substituted hoterocyelyloxy, carboxyl, carboxylatkyl, carboxyl-
substituted alkyl, carboxyl-cycloalkyvl, carboxyi-substituted cycloatkyvl, carboxylaryi,
carboxyl-substitated arvl, carboxylheteroarvl, carboxyl-sebstitated heteroaryl,
carboxylheterocyclic, carboxyl-substituted heterocyclic, carboxylamido, cyano, thiol,
thioalkyl, substituted thioalkyl, thioaryl, substituted thioaryl, thioheteroaryl,
suabstiteted thioheteroaryl, thiocyeloalkyl, substituted thiocycloalkyl, thioheterocyelic,
substituted thioheterocyclic, eycloatkyl, sabstitated cycloatkyl, guanidino,
guanidinosulfone, halo, nitro, hoteroaryl, substituted heteroaryl, heterocyelie,
substituted heterocyelic, cycloalkoxy, substituted cycloalkoxy, heteroaryloxy,
substituted heteroarviogy, heterooyelyloxy, substitated beterocyclyloxy,
oxycarbonylamino, oxythocarbonylamino, -SO{0); -atkyl, -S(O), ~-substituied alkyl, -
S{0O): ~eycloatkyl, -S{O): -substituted cyeoatkyl, -S(O);: -alkenyl, -S(O); - substituted
atkenyv, -S{O) ~arvl, -S{O) -substiteted aryl, -S{0O); -hetercaryl, -S{O) -substituted
heteroaryl, -S(O) -heterocyclic, ~S(O); -substitated heterocycelic, -O80); -alkyl, -
OS(0): -substituted altkyl, ~OS(0); ~aryl, ~O8S(0); -substituted aryl, -OS(O); -
hieteroaryl, ~OS(O), ~substituted heteroaryl, ~-OS{0O); ~heterocyclic, -QS(0): -
substituted heterocyebic, ~-OSO, ANRR, -NRS((; -alkyl, -NRS{O)2 - substitided alkyl,
~NRS(O); ~aryl, -NRS(O); -substituted aryl, -NRS{O); ~ heteroaryl, -NRSO); ~
substituted hetevoaryl, -NRS(O); -heterocyelic, -NRS(O); - substituted heterocyelic, -
NRS{O) -NR-atkyl, -NRS{0O): -NR-sobstitated alkyl, -NRS(O) -NR-aryl, -NRS{O»
~NR-substitated aryl, ~NRS(O); -NR-heteroaryl, -NRS{O}); -NR-sabstitated

-§3-
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heteroaryl, -NRS{O): -NR-substituted -NRS{0): -NRsubstitated heterocyclic, mono-
and di-atkylamino, mono- and di-(substituted alkyDanmino, mono- and di-arylamino,
mono- and di-(suhstituted arylamino, monoand di-heteroarytamine, mono- and di-
{substituted heteroaryilamino, mono- and diheterocyelic amino, mono- and di-

S {substitited heterocyclic) amino, unsymimetric disubstituted amines having different
substituents selected from the group consisting of alkyl, substituted alkyl, aryl,
substituted avyl, heteroaryl, substituted heteroaryl, heterocyelic, substituted
heterocyclic, amino groups on the substituted arvl blocked by conventional blocking
aroups (such as Boc, Chz, formyl, and the like), and -S0; NRR, where R is hydrogen

19 oralkyl

“Substituted aryloxvaryl” refers to arvioxyvaryl groups substitated with from |}
to 3 substituents on either or both aryl rings selected from the group consisting of
hydroxy, acyl, acylamino, thiccarbonylamino, acyloxy, alkyl, substituted alkyl,

atkoxy. substituted alkoxy, atkenyl, substituted atkenyl. alkynyl, substituted alkynyl,

iR

amidine, alkylamidino, thicamidine, amine, amincacyl, aminocarbonyloxy,
aminocarbonylamine, anminothiocarbonylamino, aryl, substituted aryl, aryloxy,
suhstituted aryloxy. cycloalkoxy, substituted eyclnatkogy, heteroaryloxy, substituted
heteroaryloxy, heterocyelyloxy, substituted heterocyclyloxy, carboxyl, carboxylatkyf,
carboxybsubstituted alkyl, carboxyi-cyeloatkyl, carboxyl-substitoied cyeloatkyl,

20 carboxylaryl, carboxyl-substituted aryl, carboxytheteroaryl, carboxyl-substituted
heteraaryl, carboxyibeterocyclic, carboxyi-substituted heterocyclic, carboxylamido,
cvano, thiol, thivaltkyl, substituted thivalkyl, thicaryi, substituted thivaryl,
thioheteroaryl, substituted thioheteroaryl, thiocyeloatkyl, substituted thiocycloatkyl,

thicheterocyelic, substituted thioheterocyelic, cyeloalkyl, substituted cycloalkyl,

3
g

S5 guanidine, guanidinosulfone, balo, nitro, heteroaryl, sabstituted hetevoaryl,
heterocyelic, substituted heterocyclic, eycloatkoxy, substituted eycloalkoxy,
heteroaryloxy, substituted heteroaryloxy, heterocycelyloxy, substituted
heterocyelyloxy, oxycarbonylamine, oxythiocarbenylamino, -S(0O). -alkyl, -S(O) -
substitated atkyl, -S{Oh ~cycloalkyl, -S{O): -substituted cycloalkyl, -S{0O}: - atkenyl, -

30 S{O); -substituted atkenyl, -5(0): -aryl, -S{O); -substitted aryl, -S(O); - heteroaryl. -

Bre
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S{0): -substituted beteroaryl, ~-S(Q); ~heterocyelie, -S{0): -substituted beterocychic, -
OS(O); -atkyl, <OS{0); -substituted alkyl, -OS(O)s ~aryl, ~OS(0); - substituted aryl, -
OS(0): ~heteroaryl, -OS(OY, -substituted heteroaryt, ~O8(0); ~ heterocyetic, -OS(O)
-substituted heterocyelic, =080 -NRR, -NRS{O)1 -alkyl, -NRS(O): -
substituted alkvl, -NRSO); ~arvl, -NRSMOY, ~substituted avvi, -NRS(O): ~heteroaryl, -

I

NRS{O); ~substituted heteroaryl, -NRS(O); -heterocyetic, 2NRS(O); - substituted
heteraoyelic, -NRS(O): -NR-alkyl, -NRS{Q), -NR-substituted alkyi, -
NRS(O)2 -NR-arvi, -NRSO): -NR-substituted arvl, -NRS(O): ~-NR-heteroaryl, -
NRS(O): -NR-substituted heteroaryl, -NRS{O); -NR-heterocyclic, -NRS{O); -NR-
10 suabstituted heterocyelic, mono- and di-alkylamino, mono- and di-(substituted
alkyiamino, mono- and di~arviamino, mono-~ and di-(substituted aryDanino, mono-
and di-heteroarylamino, mono- and di-(substitated beteroarylamino, mono- and di~
heterocyelic amino, mono- and di-(substituted heterocyclic) amine, unsynumetric di-

substituted amines having ditfferent substituents sclected from the group consisting of

_

—
LN

atkyl, substitited alkyl, arvl, substituted aryl, heteroaryl, substituted heteroaryl,
heteroeyelic and substituted heterocyclic, amine groups on the substituted aryl
blocked by conventional blocking groups and substituted with -SO: NRR, where R is
hydrogen or alkyt.

“Cycloalkyl™ refers (o eyclic atkyl groups of from 3 to & carbon atoms baving
20 asingle cyelie ring inclading, by way of example, cyclopropyl. eyclobatyl,
evclopentyl, cyclooctyl and the like. Excluded from this definition are multi-ring
atkyl groups such as adamantanyl. “Cycloatkenyl” vefers to eyelic alkeny! groups of
from 3 to 8 carbon atoms baving single or multiple unsaturation but which are not

aromatic,

3
24

“Substitnted-cycloalkyl” and “substituted cycloatkeny!™ vefer to a cyeloalkyl
and cycloalkeny! groups, preferably of from 3 o 8 carbon atoms, having from 1 to §
substituents selected from the group consisting of oxo (=0), thioxo (=8), atkoxy,
substituted atkoxy, acyl, acylamino, thiocarbonylamine, acyloxy, aming, amiding,
atkylamidino, thicamidine, aminoacyl, aminocarbonylamine,

30 aminothiocarbonylamino, aminocarbonyloxy, arvl, substituted arvl, arvloxy,



‘I

10

i

20

=3
4

WO 2007/134235

substitated aryloxy, aryloxyaryl, substituted aryloxyaryl, halogen, hydroxyl, eyano,
nitro, carboxyl, carboxylatkyl, carboxyi-substituted alkyl, carboxyl-cycloalkyl,
carboxyvi-substituted cycloalkyl, carboxylarvl, carboxyl-substituted aryl,
carboxylheteroaryl, carboxyl-substituted heteroarvl, carboxytheterocyclic, carboxyl-
substitited heterocyelic, eycloalkyl, substituted eycloalkyl, guanidino,
guanidinosulfone, thiol, thioalkyl, substituted thicatkyl, thioaryl, substituted thicaryl,
thiocyeloalkyl, substituted thiveycloatkyl, thioheteroaryl, substituted thioheteroaryl,
thioheterocyclic, substituted thicheterocyclic, beteroaryl, substituted heteroaryl,
heterocyelic, substituted heterocyelie, eveloatkoxy, substitated cycloalkoxy.
heteroaryloxy, substituted heteroarviosy, heterocyclylogy, substitated
heterocyelyloxy, oxycarbonylamine, oxythiocarbonylamino, -OS(0); -alkyl, ~OS(0O);
~substituted alkyl, ~OS(Q); ~arvl, -OS(0); ~substituted aryl, ~-OS(O -

heteroaryl, ~OS(0); ~substituted heteroaryl, ~-OS(Q); ~heterocyclic, -OS(0)-
substituted heterocyclic, -O80; -NRR, -NRS{O): -atkyl, -NRS{Q}), ~substituted alkyl,
-NRS{O): -aryl, -NRS{O); -substituted arvl, -NRS(O): -heteroaryl, -NRS{O): -
sehstitated beteroaryl, -NRS{O): -heterocyctic, -NRS{O) —substituted heterocyclie, -
NRS{Q); -NR-alkyl, ~NRS{O), -NR-substituted alkyl, -NRS(O): ~-NR-aryl, -NRS(O}
~NR-substituted aryl, -NRS(O}; -NR-heteroaryl, -NRS{(},;-NR-substituted
heteroarvi, -NRS{O): -NR-heterocyelie, -NRS{O): -NR-substituted heterocyclic,
mono- and di-alkylamino, mono- and di-(substituted atkyhamino, monoand di-
arylamino, mono- and di-(substituted aryhamino, mono- and di-heteroarylamino,
mono- and di-(substituted heteroarylamine, mono- and di-heteroeyclic amino, mono-
and di~(substituted heterocyelic) amino, ansynumetric di-substituted amines having
different substituents selected from the group consisting of alkyl, substituted alkyl,
aryl, substituted aryl, hetoroaryl, substituted heteroaryl, heterovyelic and substituted
heterocyelic, substituted atkynyl groups baving amine groups blocked by
conventional blocking groups (such as Boe, Cbz, formyl, and the tike) and
atkynyl/substituted alikynyl groups substitated with -SQ7 -alkyl, -SO; - substituted
atkyl, -SQO; -alkeonyl, -SO; -substituted alkenyl, -SO: -oycloalkyi, -SO: -substituted

cyaloalkyl, -SO; ~aryl, -SO; ~sabstituted aryl, -SO; -heteroaryl, -80; - substituted

-§16-
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heteroaryl, -SO; ~heterocyclic, ~SO; ~substituled heterocyelic or ~SO; NRR, where R
is hydrogen or atkyl.

“Cycloatkoxy™ refers to -O-cyctoalky! groups. “Substituted eyctoalkoxy™
refers to -O-substituted cycloalkyl groups.

3 “Halo™ refers to {luoro, chlore, bromo and jodo and preferably is etther chloro
or bromao,

“Heteroaryl™ refers to an aromatic carboeyctic group of from 2 to 10 carbon
atoms and 1 to 4 heteroatoms selected from the groups consisting of oxvgen, nitrogen
and salfur within the ring. Such heteroaryt groups can have a single ving (e g, pyridyt

1 or Turyl) or multiple condensed rings (e.g.. indoliziny! or benzothienyl). Preferred
heteroaryls snclude pyridyl, pyvrrolyl, indolvi and furvl
“Substitated beteroary!™ vefers 1o heteroary! groups which ave substitated with
front 1 to 3 substituents selected from the group consisting of hydroxy, acyl,

acylamino, thiccarbonyiamino, acyloxy. alkyl. substituted atkyl, atkoxy, substituted

R 1Y

atkoxy, atkenvl, substituted alkenyl, alkynyl substituted atkynyl, amidino,
alkylanudino, thicamidine, amino, aminoacyl, aminocarbonyloxy,
aminocarbonylamine. antinothiocarbonylamino, aryl, substituted aryl, aryvloxy,
substitited aryloxy, eycloatkoxy, substituted cycloalkoxy, heteroaryloxy, substituted
heteroarvioxy, heterocyelyvloxy, sabstitated beteroeyclyloxy, carboxyl, carbogylalkyi,
20 carboxylsubstituted atkyl. carboxyvi-cycloatkyl. carboxyl-substituted cycloatkyl.
carboxylaryl, carboxyi-substinuted aryl, carboxylheteroaryl, carbosyl-substituted
heteroaryl, carboxviheterocyelic, carboxyi-substituted heterocyelic, carboxylamido,
cyano, thiol, thioalkyl, substituted thicalkyl, thioaryl, substitted thioaryl,

thicheteroaryl, substituted thioheteroaryl. thiocycloalkyl, substituted thiocycloalkyl,

3
I

thioheterocyelic, substituted thioheterocyelic, cyeloalkyl, substituted cycloalkyl,
guanidino, guanidinosutfone, balo, pitro, helercaryl, substituted hetevoaryl,
heterocycelie, substituted heterocyclic, cycloatkoxy, substituted cycloalkoxy,
heterparyloxy, substituted heteroaryloxy, heterocyelyloxy, substituted
heteroeyelyloxy, oxyvearbonylamino, oxvthiocarbonylamino, -S{O): -alkyi, -S(), -

30 swbstitated alkyl, -S{O) ~eycloalkyl, -S{O); ~substituted eycloatkyl, -8(0); - alkenyl, ~
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S{0): -substituted alkenyl, -S{0); -aryl, -S((); -substituted avvl, ~S{O):2 - heteroaryl, -
S{0); -substituted heteroaryl, -S(O) -heterocyehe, -S{0); -substituted

heterocyelic, ~OS{O) -alkyl, ~OS(0) ~substituted alkyl, -OS(O); ~aryl, ~OS(Q); -
substituted aryl, -OS(0); -heteroaryl, -OS(O); -substituted heteroarvi, -OSO); -
heterocyelie, ~OS{((): -substituted heteroeyelic, <0802 -NRR| NRS(O): ~atkyl,
~NRS(O); -substituted alkyl, -NRS(Q); -aryl, -NRS(O), -substituted aryl, -NRS(O); -
heteroaryl, -NRS(O); -substituted heteroaryl, -NRS(Q3); -heterocyelie,  -NRS(O) -
sabstitated heterocyclic, -NRS(O); -NR-alkyl, -NRS(Q) ~NR-substituted alkyl, -
NRS(O); -NR-aryl, -NRS(O); -NR-sabstituted aryl, -NRS(O) ~NR-heteroaryl, -
10 NRS{Q): -NR-substitated heteroaryl, -NRS(O), -NR-heterocyetic, -NRS{O); ~NR-

I

substituted heterocyvelic, mono~ and di-alkyvlamino, mono- and di~(substituted
alkyDamino, mono- and di-aryvlamino, mono- and di~{substituted arvDamino, mono-
and di-heteroarylanmino, mono- and di-(substituted heteroaryhamino, mono-~ and di-

heteracyelic amine, mono- and di-(substituted heterocyclic) amino, unsynimetric di-

1S substiteted amines having different substituents selected from the group consisting of
alkyl, substittted alkyl, avyl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyelic and substituied heterocyelic, amino groups on the substituted gryl
blocked by conventional blocking groups (such as Boc, Cbz, tormyl, and the like),
and ~SO» NRR, where R is hydvogen or atkyl.

20 “Heteroaryloxy™ refers to the group ~O-heteroaryt and “substituted
heteroarvloxy™ refers to the group -O-substituted heteroaryl.

“Heterocyele™ or “heterocyctic™ refers (0 a saturated or unsaturated group
having a single ring ov multiple condensed rings. containing from | to 10 carbon
atoms and from 1 {0 4 heteroatoms selected from the group consisting of nitrogen,

25 sulfwr or oxyveen within the ring. In fused ring systems, one or more of the rings can

be aryl or heteroaryl,

“Substituted heterocyelic™ refers to heterocycle groups which are substituted
with from 1 t0 3 substittents selected from the group consisting of oxe (=0), thioxe
=8), alkoxy, substituted alkoxy, acyl, acylanuno, thiocarbonylamino, acyloxy, amino,

30 amidino, alkylamidino, thioamidino, aminoacyl, aminocarbonylamino,

-§ 8-
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aminothiocarbonylamino, aminocarbonyloxy. aryl. substituted aryl, aryioxy,
sabstiteted arvioxy, arvloxyaryl, substituted arvloxyaryl, halogen, hydroxyl, cyano,
nitro, carboxyl, carboxylalkyl, carboxyl-substituted alkyl, carboxvi-cycloalkyl,

carboxyl-substituted cyeloakyl, carboxylaryl, carboxyl-substituted arvl,

bW 23

carboxytheteroaryl, carboxyl-substituted heteroarvd, carboxytheteroeyetic, carboxyl-
substituted heterocyclie, cyeloatkyl, substituted eycloatkyl, guanidino,
guanidinosutfone, thiol, thicalkyl, substituted thicalkyl, thicaryl, substituted thicaryl,
thiocyeloalkyl, substituted thiveycloalkyl, thioheteroaryl, substituied thioheteroasyl,
thioheterocycelic, substituted thioheterocyclic, heteroaryl, substituted heteroaryl,

10 heterocyclic, substituted heterocyclic, eycloatkoxy, substituted cycloatkoxy,
heteroaryvioxy. substituted hetercarvloxy, beterocyclyioxy, substituted
heterocyelylony, oxycarbonylamuno, oxythiocarbonylamino, ~OS(0); -alkyl, ~-OS(();
~substituted alkyl, ~OS(O); ~aryl, ~OS(O); ~substituied aryl, ~-OS(O)-heteroaryl, -
QS{O), ~substituted heteroaryl, -OS(0); -heterocyclic, -OS(Q)-substituted
heterocyclic, <080 -NRR, -NRS{0): -alkyl, -NRS(O} ~substituted alkyl, -NRS(O):
-aryl, ~-NRS{O); ~substitoted aryl, -NRS{Q); -heteroary], -NRS(O); -substituted

LN

heteroaryl, ~NRS{O), ~heteroeyclic, -NRS(O) —substituted heterocyelie, -NRS(O); -
NR-alkyl, -NRS{O¥ ~NR-substituted alkyl, -NRS{O): ~NR-alkyl, -NRS(O); -NR-
substituted aryl, -NRS(O), ~-NR-heteroaryl, ~NRS(0Q), -NR-substituted heteroarvi, -
20 NRS(O) -NR-heterocyelic, -NRS(O); -NR-substituted heterocyehe, mono- and di-
atkylamine, mono- and di-(substitated atkyamino, mone-and di-arylamino, mono-
and di-(substituted arvDamino, mono- and di-heteroarviaming, mono- and di-
{substitated heteroaryhamino, mono- and di-heterocyelic mone- and di-(sabstituted

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

fas
I

selected from the group consisting of atkyl, substituted atkyl, aryl, substituted aryi,
heteroaryl, substituted heteroaryl, heteroeyelic and substituted heterocycelic,
substituted alkynyl groaps having amino groups blocked by conventional blocking
groups and alkynyl/substituted alkyny! groups substituted with  -8Q; -alkyl, -80; -
substiteted atkyl, -SOs -alkenyl, -SQs -substituted alkenyl, -SO: -cycloathyi, -SO: -

30 sobsttated eycloalkyl, ~SO; ~aryl, -SO: ~sebstituted avyl, -SO; ~heteroaryl, -SOs -

-§G-
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substitated heteroaryl, -S0O; -heterocyelie, ~SO; ~substituted heterocyelic or SO,
NRR, where R is hydrogen or alkyl.
Examples of heteroeyeles and heteroaryls include, but ave not linuited to,

azetidine, pyrrole, imidazole, pyrazole, pyriding, pyrazine, pyrimidine, pyridazine,

‘I

indolizine, isoindole, indole, dibvdromndole, indazole, purine, quinolizine,
isoguinoline, quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline,
cinnoline, pteridine, carbazole, carboline, phenanthridine. acridine, phenanthiroline,
isothiazole, phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine,
imidazoline, piperidine, piperazine, indoline, phthalinude, 1,2, 3, 4-
HY  tewrahydroisogquineline, 4, S, 6, 7-tetrahiydrobenzolbithiophene, thiazole, thiazolidine,
thiophene, benzo{bithiophene, morpholino. thiomorpholing, piperidiny!, pyrrolidine,
tetrahvdrofuranyl, and the like.

“Heterooyclyloxy™ refers to the group ~O-heterocyctic, and “sabstituted

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

i

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

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

DETAILED DESCRIPTION OF THE INVENTION
20 Some evidence suggests that the pathogenesis of several similar multisysten
ADRs involves MHC-restricted presentation of a drag or s motabolites, which cither
divectly bind to MHC molecules or bind to endogenous proteins, and activation of T
cells {Svensson ot al., Pharmacol. Rev., 33(3%357-379, 2000). Skin~infiltrating CD8+

eytotoxic T cells were found to be dominant in the bullous reactions such as SIS/TEN

[N
Ve

{Hari ctal, Clin. Exp. Allergy, 31(9):1398- 1408, 2001}, whercas CD4+ helper T cells
were characteristic of milder cutancous ADRs, such as maculopapular rash {Pichier et
al., Int. Aveh. Allergy ot H13(3-3)1177-180, 1997},

It was discoverad that HLA-B* 1502, HLA-BY3801, and HLA-B*4601 are

EN induced by CBZ, with SIS/TEN/HSS induced

respectively associated with SIS/

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

&

20-
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multiforme, urticaria, or fixed drug eruption) induced by CBZ. Thus, these HLA-B
afleles are useful genetic markers for determining whether a patient is at risk for
developing ADRs (e.g., SIS, TEN, HSS, or mitlder cutaneous ADRs) fnduced by CBZ

compounds, allopurinol compounds, or drugs otherwise having similar structares

‘I

thereof.

CBZ, also known as Tegretol, Tegol, G-32883, Biston, Calepsin, Carbatrol,
Epitol, Finlepsin, Sirtal, Stazepine, Telesmin, or Timonil, is an aromatic
anticonvulsant, Qther aromatic anticonvudsants, including phenytoin (Dilantin) and
phenobarbital, caose similar ADRs as CBZ. Therefore, HLA-B* 1502 can be
HY  employed to assess the risk for ADRSs to these other aromatic anticonvalsants as well,
The aromatic anticonvalsants for which HLA-B¥1302 can be vsed as a risk factor also
inctade compounds or metabolites of CBZ, phenytoin or phenobarbital. Metabolites
of these drugs are known in the ant (see, e.g., Gemms et al,, 1991: Leeder, Epilepsia,
39 Suppl. 7:88-16, 199¥; Naisbitt et al,, Mol. Pharmacol., 63(3):732-741, 2003), such
as CBZ-10, 11 epoxide, CBZ-1), 11-diol, CBZ- 2.3-diol, dihvdro CBZ, CBZ catechol

i

and CBZ o-quinone, p-hydroxy phenytoin, phenytoin dibydrodiol, phenytoin catechol,
phenytoin methyicatechol, and phenytoin o-quinone.

Allopurined s a drag for hyperuricemia and chronic gout.

The present fnvention provides a method of predicting whether a patient is at

20 risk for developing ADRs, particularly SIS, TEN, or HSS, based ow the presence of

certain HLA alleles ov thelr equivalent genetic markers in that patient.

{n one example, the presence of HLA-BIS(2 in & patient indicates that the
patient is at risk for developing SIS/TEN induced by CBZ compounds, compounds

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

=3
4

of compounds that can induce SISSTEN 1o an HLA-B* 1502 carrier.

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

Names of active ingredients or the Brand | Structures of the active ingredient
Name '
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Nameas of active ingredients or the Brand
Name

Structures of the active ingredient

carbamazepine, Epitol, Tegratol Microtrol

KIN-493, oxacarbazepine, TRI-476, TRI-
477, TRI-477 {(MHD), Trileptal NP,

Bipotrol, carbamazepine ., carbamazepine, 4 \‘:} Ji ;
Pharmavene, carbamazepine, Carbatrol, EN, T N\
SPD-417 /L:\v
5H-Dibenz[b,flazepine-5-carboxamide e

{CAS]

Oxcarbazepine, Trileptal t.q\\

GP-47680, GP-47779, GP-47779 MHD, I - {,,\\\

{CASY ¢ (Si-{-)-10-acetoxy- 10,1 L -dihydro-SH-

diuenzo/b,.ffazepine-S-carboxamide

{CAS] ¢ SH-Dibenz{b,flazepine-5- N
carboxamide, 10,11-dihydro-10-oxo
licarbazepine Q
BIA-2-093 *“
BIA-2-005 N

P4 \“\

modafinii, Sparion{New Formulation
drug),

{CAS] : Acetamide, 2-
{{diphenylmethyl)suifinyl}-

{u another example, the presence of HLA-B¥S801 in a patient indicates that

the patient §s at risk for SISFTEN or HSS induced by allopurinel compounds,

compounds otherwise structurally similar to allopurinol, or metabolites thereof. Table

{1 shows examples of compounds that can induce SIS/TEN or HSS in patients

carrying HLA-B*5801.
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Tablell, Drug compounds associated with SIS in patients carrying HLA-B 3801

Names Structure of the active ingredient
Alopurinol, Aloprim, Zyloprim, Apo- N
e NH
Allopurinel, Purinol W
HN W/
Q
M.

Oxypurinol, Oxyprim
[CAS] : 1H-Pyrazolo[3,4~-d}pyrimidine-
4,6(5H, 7H)-dione

Febuxostat, TEI-6720, TMX-67

[CAS]: S-Thiazolecarboxylic acid, 2-{3-
cyano-4-(2-methyipropoxy)phenyl]-4~
methyl-

Y-700

1-(3-Cyano-4-
neopentyloxyphenyl}pyrazole-4-
carboxylic acid

modafinil, Sparion{New Formulation
drug),

[CAS] : Acetamide, 2~
[{diphenylmethyl)suifinyi}-

In yet another example, the presence of HLA-B¥4601 in a patient indicates

that the patient is at visk for developing mild cutaneous ADRs, e.g., macalopapualar

rash, induced by CBZ.

&

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

example, ankylosing spondylitis is strongly associated with HLA-B27 alleles, sueh as
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B*2701-B*2723. (Khan, Curr. Opin. Rheumatol., 12(4):235-238, 2000; Felthamp et
al.. Curr. Opin. Rheumatol,, 13(4):285-290, 2001).
The presence of a genetic marker (e.g., an HLA allele) can be determined by
direct detection of that marker or particular regions within it Genomic DNAs for
5 allele detection can be prepared from a patient by methods well known in the art, e.g.,
PUREGENE DNA purification system from Gentra Systems, Minnesota. Detection
of a region within a genetic marker of interest includes examining the nucleotide(s)
located at either the sense or the anti-sense strand within that region. Methods known
in the art can be used to detect a particalar region, e.g., Sequence specific
1 oligonucleotides-hybridization |, Real-time PCR, or CSSO-ELISA (M. Hiratsuka et al,
I of Biochemical and Biophysic, Methods, 67:87-94, 2006).
The presence of HLA-B¥{S02 can be determined by detecting at least two of
Regions 1-6 shown in Fig. 1. The presence of these regions can be determined by

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

R

R 1Y

i Region 1, positions § and 6 in Region 2, and positions | and 3 in Region 3.
Presence of any two of Regions 1-6 indicates that the patient is an HLA-B¥1502
Carrier,

The presence of HLA-B*3801 can be determined by detecting at least two of

Regions 1-6 shown in Fig, 2. The presence of these regions can be determined by

&

glons, &.g., positions 1, 2,

&

20 detecting the nucleotides at certain positions within these re
and § in Region 1, positions 1,4, 6, 7, 8, 15, 16, and 20 in Region 2, positions 2, 4, 5,
8, and 9 in Region 3, positions 3 and 5 in Region 4, positions 1 and 9 in Region 3, and
positions 3 and 10 in Region 6. Presence of any two of Regions 1-6 indicates that the

patient is an HLA-B*5801 carrier.

3
I

The DNA products obtained from PCR can be detected using sequence-
specific probes, e.g., bydrolysis probes from TagMan, Beacons, Scorpions: or
hybridization probes These probes are designed such that they bind to the regions of
interest, ¢.g,, Regioms 1-6 of HLA-B* {502 or Regions 1-6 of HLA-B*3R01, The

PCR products also can be detected by DNA-binding agents, e.g., SYBR®: Green.
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The presence of an allele of interest also can be determined by detecting
genetic markers equivalent to the alfele, Genetic markers near the allele of interest
tend to co-segregate, or show a linkage discquilibrivm, with the allele. Consequently,
the presence of these markers (equivalent genetic markers} is indicative of the

3 presence of the allele of interest, which, in turn, is indicative of a risk for ADR

development. Exemplary genetic markers equivalent to HLA-B*1302 include
DRB1#{202, Cw*0801, Cw™0806, A*1101, and MICAY019. Exemplary markers
equivalent to HLA-B*S801 include A*3303, Cw*(302, DRBIM0301, and
MICA*00201.

10 An equivalent genetic marker can be of any type, ¢.g., an HLA allele, a
microsatellite warker, or a single nucleotide polymorphism (SNP) mavker, & usefud
equivalent genctic warker is normally about 200 kb or fess (e.2., 100 kb, &0 kb, 60 kb,
40 kb, or 20 kb) from the allele of interest. Methods described above or known in the

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

&

iR

Alternatively or in addition, RNAs, ¢DNAs, or protein products of alleles of
interest can be detected to deternine the presence or absence of the allele. For
example, serotyping or nricrocytotoxity methods can be used 1o determine the protein
product of an HLA allele.

To further increase the accuracy of visk prediction, the allele of interest andfor
20 its equivalent genctic marker can be determined along with the genetic markers of
accessory molecudes and co-stimulatory molecules which are invelved in the
interaction between antigen-prosenting cells and T-cells. These genstic markers
include microsatetlite and single nucleotide polymorphisn (SNP) markers. The
accessory and co-stimulatory molecules inchude cell surface molecules (e.g., CDRO,

S CD86, CD2E, CD4, CDR, T eelt receptor (TCR), ICAM-1, CIHa, CD3E, UD2, ete.)

~3
d

and inflapmatory or pro-inflaramatory eytokines, chemokines (e.g., TNF-u), and
mediators {¢.g.. complements, apoptosis proteins, enzymes, extraceHular matrix
corpponents, e1c,). Also of interest are genetic niarkers of drug metabolizing enzymes
which are involved in the bivactivation or dotoxification of drugs. These genetic

30 moarkers also inchude microsateltite and SNP markers. The drug motabelizing
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enzymes include phase | enzymes {e.g., cytochromie P430 superfamily ete.y and phase
enzymes {e.g.. microsomal epoxide hydrolase, arylamine N-acetvitransferase, UDP-
glucureonosyi-transferase, ete. ).

The present invention further provides a method for pharmacogenomic

‘I

profifing. A pane] of genetic factors is determined for a given individual, and each
genetic factor is associated with the predisposition for a disease or medical condition,
including ADRs. I the present method, the pancel of genetic factors includes at feast
one allele selected from the group consisting of HLA-B* {502, HLA-B*3801 and
HLA-B*4601. The panel can inclade two alleles or all three alleles from the group.
19 inaddition to HLA-B®1502, 3801 and/or 4601, the panel can include any other
known genetic factors, such as thioperine methyltransferase and genes for the fong-
Q7 syndrome. The genetic markers for accessory molecules, co-stimulatory
molecules andfor drug metabolizing enzymes deseribed above can alse be included.
Also within the scope of the invention is a kit containing probes for detecting

genetic markers, ¢.g., HLA-B¥1502, HLA-B¥3801 or HLA-B*46{1. The term

i

“probe” used hevein refers to any substance useful for detecting another substance.
Thus, a probe can be an oligonucieotide or conjugated oligonucieotide that
specifically hybridizes to a particular region within an allele of interest. The
conjugated oligonucleotide refers to an oligonuclcotide covalently bound to

20 chromophore or a molecules containing a ligand (¢.g., an antigen), which is highly
specific 1o a receptor molecular (e.2., an antibody specific to the antigen). The probe
can also be a PCR primer, together with another primer, for amplifying a particular
region within the allele of interest. Further, the probe can be an antibody that

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

3
g

S5 can contain a probe that targets an internal control allcle, which can be apy allele
presented in the general population, e.g. GAPDH, B-actin, KIR. Detection of an
internal control allele is designed to assure the performance of the kit

The kit can further include tools and/or reagents for collecting biological

samples from patients, as well as those for preparing genomic DNA| ¢DNAS, RNAs

30 orproteins from the samples. For example, PCR primers for amplifying the relevant

226~
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regions of the genomic DNA may be incladed. The kit can also contain probes for

b1

genetic factors useful in pharmacogenonue profiling, e.g., thiopurine

methyltransferase.

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

‘I

detecting a region selected from Regitons 1-6 of HLA-B* 1502 or from Regions 1-6 of
HEA-B®S801. The first and second probes target different regions. These two probes
can be a pair of PCR primers, or fabeled oligonucieotides 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 additiopal regions within
1) HLA-B*1502 or HLA-B*3801.

{n yet another aspect, this invention provides a method of identifving a drug
corspound that induces an ADR {e.g.. SIS/TEN or HSS) in a patient carrving an HEA
allele associated with the ADR (e.g., HLA-B* 1502, HLA-B¥5801 or HLA-B*40601).

It is suggested that drugs can be presented by certain HLA complexes to activate T

i

bvmphocyies, consequently inducing ADRs, T eells reactive to these drugs are
sugeested 0 be involved in the development of ADRs induced by these drugs. Thus,
compounds that can activate these T cells are candidates for inducing ADRs ina
patient carrying one or more HLA alleles associated with these ADRs. As a result,
this method can be vsed as a screening method in new drag development to find out
20 drug compounds that could induce such ADRs.

Genotyping can be performed on an ADR patient to determine whether the
patient carries an HLA allefe associated with the disease. T ymphocytes and antigen-

3

presenting cells {e.g., B cells or monocytes) can be isolated from the patient and

cultured in vitro following methods well known in the art. (Naishitt D3, Mol

3
g

5 Pharmacol. 2003 Mar03(33732-41 , Wu et al, J Allergy Clin Immunol. 2006

Bl PIS(1:233-4 1. E-published on 2006 Apr27). B cells so fsolated can be
transformed by Epstein~-Bar virus to generate B cell lines, T cells reactive to a drug
can be expanded in the presence of both the drug and autologous antigen-presenting
cells. The expanded T cells can then be exposed to & tost compound in the presence

30 of autologous antigen-presenting cells to determine whether the test compound can
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activate the T cells. I s0, the test compound is a candidate that can induce the ADR
in a patient carvying the same HLA altele.
Without further elaboration, it is believed that the above description has
adequately enabled the present invention. The following examples are, therefore, to
S5 beconstrued as merely ilustrative, and not limitative of the remainder of the
disclosure in any way whatsoever. All of the publications cited herein are hercby

incorporated by reference i their entirety.

EXAMPLE 1. Detection of HLA-B*1502 and HLA-B*S801 Using Real-Time PCR

10 Genomie DNAs were extracted from a patient’s blood or saliva. Three pairs

of PCR primers cach targeting Regions 1 and 5, Regions 1 and 4, or Regions 1, 3 and
4 of HLA-B* 1502 {see Fig. 1) were syuthesized. In addition, one pair of primers
targeting Regions 2 and 4 of HLA-B¥5801 (see Fig, 2) were synthesized, The

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

N

system (Applicd Biosystem). Briefly, the primaers, the genomic DNAS, and the Power
SYBR™ Green PCR master mixture (included in the real-time PCR system) were
mixed together and the PCR was carried out by: (1) activating polvmerase at 95° C for
10 minutes, (i1} denaturing at 95° C for 15 sceonds and anncaling/clongating DNA
20 denaturing/anncaling/elongating, and (iv) disassociating the anplified product from
its template at 95° C for 15 seconds, and 60° C for | minute. PCR amplification of a
killer-cell immunoglobulin-fike receptor (KIR) was applied as an internal control.
The presence or absence of HLA-B*1502 or HLA-B*S801 in a patient wag
determined based on the Ct value of HLA-B*1302 or HLA-B¥*5801 and the difference
25 of Ctvalues {ACt value) between HLA-B*1502/HLA-B*3801 and KIR. The Ct value
(threshold cycle) is determined by identifying the cycle nuraber at which the reporter
dye emission jntensity is above background noise.  The threshold eyele is determined
at the most exponential phase of the reaction and is more reliable than end-point

measurements of accumulated PCR prodacets ased by traditional PCR methods. The
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threshold cyele is inversely proportional to the copy number of the target template, the
greater the template number, the lower the threshold eyele measured.
170 genomie DNA samples extracted from human B cell lines and 33 genomic
DNA samples prepared from human blood or safiva were tested for detecting the
5 presence of HLA-B* 1502 folfowing the method described above., The Ct values of

HEA-B¥1502 and KIR were in the range of 23-27 and 19-25, respectively. The
HELA-B* 1502 were recognized as positive when the range of ACt between HLA-
B*1502 and KIR was smaller than 7. In these 170 supercontrol, 13 gDDNA with
HELA~B*1502 were present and were verified by Dynal $8Q kits, and the results

10 indicate that both the sensitivity and speeificity of this method reach >99%,

§70 genomic DNA samples extracted from human B cell fines and 87 genomic

DNA samples prepared from haman blood or saliva were tested for detecting the
presence of HLA-B*3801 following the method described above, For DNA samples
derived from HLA-B¥3801 positive patients, the Ct values of HLLA-B¥3R01 and KIR

IS were inthe range of 22228 and 10-26, respectively. The HLA-B*S5801 were
recognized as positive when the range of ACt between HLA-B*SR01 and KIR was
smalfer than 7. For DNA samples derived from HLA-B*SR01 negative patients, the
Ct valoe of HLA-B¥3801 was about 34 and the ACt was greater than 13, o al the
samples, ST gDNA were found HLA-B*SS01 positive and were verified by Dynal

2SSO kits, These results indicate that both the sensitivity and speciticity reached
S99

0

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

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

=3
4

In general, using genomic DNAs as templates, PCRs were conducted o
prodace products which contain the specific regions shown in Figure 1 or Figure 2.
Either the Forward privner or the Reversed Primer was labeled with a Ligand ¥ (L),
which was recognizable by the Molecular | linked with an enzyme { e.g. HRPY The
PCR reactions were designed and conducted to produce the products containing one
30 or move specific regions, 1.¢., Regions 1-6 of HLA-BY1302 or Regions 1-6 of HLA-

P

20-
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B*3801. Two competitive sequence specific oligonucleotides (CSSOQE and CSSO2)
were designed. CSSO1 specifically recognizes one of Regions 1-6 of HLA-B*1502 or
Regions 16 of HLA-B*3801, and C8S02 was designed 1o prime to the common

type of HLA-B*135 (Lo, non-B* {302 allefes or non-B*-3801. The CSSO1 was

v

labeled with Ligand 2, which s recognizable by Molecular H coated onto a reaction
plateor strip.  The PCR products thus obtained were hybridized with the two C880s
on the reaction plate or a strip . After washing away any free molecule, subsirate 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 HLA-B*1502 or HLA-B*3801.
10

EXAMPLE 3. Correlation Between OBZ-induced SISTEN and HEA-BY1302

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

recruited either from Chang Gung Memorial Hospital or from several other medical

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

R 1Y

and duration, and the phenotypes of ADRs were recorded. The diagnostic criteria of
clinical morphology were defined according to Roujean, 1 Invest Dermatol.,
F02(6):288-30S, 1994, For example, SIS was defined as skin detachment of tess than
10% of body-surface arca, overlap SIS-TEN as skin detachment of 10-30%, and TEN
as greater than 30%. SIS, overlap SISSTEN and TEN are colfectively referred {o as
20 SISITEN.

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

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

3
I

SISITEN and 126 patients bad a milder bypersensitivity reaction 0 various drugs.
Among the 112 SISITEN pationts, 42 were exposed to CBZ (fogretol), 17 had taken
allopurinol, and 53 were ander medications other than CBZ and allopurinel.

73 tegretol-tolerant paticats were included as controls, Volunteers from the
general population of Taiwanese {n= 94; age range: 20 to 80 vears) were also

30 recrnited. The study was approved by the institutional review board, and informed

-30-
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consent was obtained.

All of these patients were subjected to genotyping. Briefly, reagents for
performing a reverse line blot assay using sequence-specitic oligonucleotide (S80)
were purchased from DYNAL Biotech Lid. (Bromborough, UK} PCR products were
generated ysing biotinylated primers for the second and the thivd exons of the HELA
class 1or class 1 loct, and then hybridized w0 a tine blot of 850 of probes
immabilized on a nyfon membrane. The presence of biotinyiated PCR product bound
o a specific probe is detected using streptavidin-horseradish peroxidase (HRP) and a
chromogenic, soluble substrate to produce a blue “line™ at the position of the positive
probe. The probe reactivity pattern was interpreted by the genotyping software Dynal
RELI™ SSO (DYNAL Biotech Ltd.: Bromborough, UK). Potential ambiguities were
further resolved by sequence-based typing and DNA sequencing performed according
o the IRWG Technical Manual (International Histocompatibility Working Group),
see Genomic Analysis of the Human MHC DNABased Typing for HLA Alleles and
Linked Polymorphisms. Marcel G.J. Tilanus, Editor in Chiet, ISBN No. 0-945278-
02-0.

To some patients, SNP genotyping was performed using high throughput
MALDI-TOF mass spectrometry, Briefly, primers and probes were designed using
the SpectroDESIGNER software (Sequenom, San Diego, CA, USA). Maltiplex
polymerase chain reactions (PCR) were performed, the unincorporated dNTPs were
dephosphorylated using the shrimp alkaline phosphatase {Hoffman-LaRoche, Basel,
Switzerland), followed by primer extension. The pusitied primer extension reaction
was spotted onto a 384-element silicon chip (SpectroCHIP, Sequenom), analyzed
using a Bruker Biflex HI MALDI-TOF SpectroREADER mass spectrometer
{Sequenom) and speetra processed with SpectroTYPER {Sequenom).

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

observed number of HLA alleles present within the locl. Odds ratios were calenlated
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with Haldane's modification, which adds 0.5 to all cells to accommodate possible
ZErO COURLS.
As shown in Table 1, a DNA variant alele in the HLA-B locus (HLA-

B¥1502) was associated in patients with drug-induced SIS/TEN, particutarly in

S patients receiving UBZ {tegretol).
Table 1. HLA-B*1502 frequency in 42 Taiwanese patients having CBZ-indaced
SJIS/TEN
10
Gante 4 any o de 0 . Odds
Alfele Patients  Controist®  Controis2¥  Controfs3® X2 Ratio Ps
N=42 N=142 N=04 N=73
B1502 42{100%) §{8.3)% 137.28 112447 Jexiow
B¥502 42 (100%) 5 {5.3%) 116.918 13832 2.15x10%
B*1802 42 {100%) J{4.1%) 98.93% 1712 9.1x10%

= patients wha had milder ADRs other than S48
%, general Taiwanese population
¢, patients who are CBZ-tolerant
X2, Chi-aquare with Yales corraction
15 P, calculated by multiplying the raw P values by the observed number of HLA-B alieles {35},

HLA-B*1502 was detected in 42 of 42 (100%) SIS/TEN patients who
received CBZ. The allele was also found in 17 of 533 (32%0) SISSTEN patients who
received ofher drugs { phenytoin, 2 allopurinol, 2 amoxicilling, 1 sulfasalazine, 1

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

25 population, By using the tolerant group as a controd, the odds ratio, sensitivity,
specificity, positive predictive value, and negative predictive value for B*¥ 1302

assoctated CRZ-induced SISSTEN were 1712, 100%, 95.89%, 96.0%, and 100%,

respectively. With such a high predictive value and sensitivity, typing of this HLA-B
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allele can be used o identifying high-risk patients for drug-induced SIS/TEN,
particularly CBZ or phenytoin induced SISATEN.

The mild ADRs induced by CBZ was foand to be assoctated with another
allele, HLA-B*4601. 10 out of 16 (62.5%) of the patients with these milder reactions

to CBZ had HLA-B*40601. In contrast, the allefe was only found 10 26% (19/73) of

‘I

the CBZ-tolerant group. The odds ratio for B¥4601 associated CBZ-induced wilder
cutaneous ADRs was 4.73. Consequently, HLA-B*4601 can be used in the risk

assessment for midd cutaneous ADR induced by UBZ.

1) Table 2. Phenotype/genotype data of patients having CBZ-induced cutaneous

ADRs
ID Suspected drug Phenotype HLA-B Genotype
] Carbamazepine SIS B*IS02/B%3802
2 Carbamazepine SIS B*1302/B*3501
3 Carbamazepine SIS B¥1502/B*4000
4 Carbamazepine SIS B¥IS02/B*3802
S Carbamazeping SIS BFIS02/B*3R02
6 ;;’f:;‘:’&?{;‘pm‘ S B1502/B¥3802
7 Carbamazepine SIS B¥1502/8%4001
b Carbamazeping SIS BF1502/8>3901
9 Carbamazepine SIS BH*1502/8%3&01
10 Carbamazepine SIS B*1502/B%5801
11 Carbamazepine SIS B*IS02/B¥]525
12 Carbamazepine SIS BAIS02/B8¥4002
13 Carbamazepine SIS BH1302/B¥4006
14 Carbamazepine SIS BIS0ZB 3801
13 Carbamazepine Qverlap SIS/TEN B*I301/B% 1502
16 Carbamazepine Overlap SIS/TEN BE1502/B*3501
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D Suspected drug Phenotype HELA-B Geneotype
17 Carbamazepine SIS B¥1302/B%3&02
13 Carbamazepine SIS B¥1502/B¥ 4601
19 Carbamazepine SIS BF1301/BYI502
20 Carbamazepine SIS BY1302/B¥5801
21 Carbamazepine SIS BY¥502/8%4601
2 ;\irt\);;;mapxm QS 5%1502
23 Carbamazepine SIS BHISO2/BYIS0E
24 Carbamazepine SIS B*1502/B¥460
25 Carbamazepine 8IS B*1502/B¥4601
26 Carbamazepine SIS B¥1502/B*S801
27 Carbamazepine SIS BFISOI/BHIS02
28 Carbamazepine SIS B¥1502/B*4001
29 Carbamazepine SIS B¥1502
carbamazepine,
30 meloxicam, sulidane, SIS B¥1502/B*5801
phenytoin
31 Carbamazepine SIS B¥1502:4601
32 Carbamazepine SIS B¥1502/5801
33 Carbamazepine 8JS B*1502/4601
34 Carbamazepine SJs B*1502/5502
3S Carbamazepine SJs B*1502
36 ;ﬂﬁ?ﬁ)‘fi;mm SJS B*1502/4002
37 Carbamazeping Sd8 B*1502/4001
38 Carbamazepine SJdS8 B*1502
40 Carbamazepine Qverfap SISTTEN B871502/4001
41 Carbamazepine Querlap SIS/TEN B*1502/4601
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D Suspected drug Phenotype HLA-B Genotype
42 Carbamazeping SJS8 B*1502/3802

43 Carbamazepine maculopapalar rash B¥3R01/B3%4601
44 Carbamazepine erythema maltiform B*001/B¥4601
45 Carbamazepine maculopapular rash BY1301/8¥4001
46 Carbamazepe And angioedema B¥4601/B¥3401
47 Carbamazepine macutopapular rash B*4001/B¥4601

Carbamazepine,

43 NSALD mactlopapular rash B*4001/8%4001
49 Carhamazepine maculopapular rash B*{301/B*5502
S0 Carbamazepine ::g}::;;'lti?:ir oral and BF4601/B*3&01
31 Carbamavepine Maculopapular B*4601/B*I8OI
32 Carbamazepine And angioedema B*4001

33 Carbamazepine maculopapular rash B3*4001/B*5101
3 Carbamazepine maculopapular rash B¥1301/4001
S8 Carbamazepine maculopapular rash B3*4001/B*40601
36 Carbamazepine erythema multiform B¥4601/8*5401
7 Carbamazepine maculopapular rash B*4601

38 Carbamazeping erythema maltiform B*4601/5101

EXAMPLE 4. Correlation Between Allopurinol-Induced SIS/TEN and HLA-B*380}

HLA-B¥5R01 was found to be associated with allopurinel-induced

SISATEN, This HLA-B allele was found in all 17 (100%%) SIS/severe ADR patients

treated atlopurinod (Tables 3 and 4), but was found inonly 18% of the general

Taiwanese population (odds ratio 133, sensitivity 100%, specificity §2%. positive

predictive value 84.7%, negative predictive value 100%, Pe=3.7x10™). These

results suggest that HLA-B*S801 is a useful genetic marker, cither alone or in
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combination with other genetic markers, for assessing whether a patient taking

allopurinol is at risk for developing SIS/TEN.

Table 3. HLA-B*3801 freguency in 17 Taiwanese patients with allopurinol-
induced severe catancous ADRs

5 Allele Pafients Controls1e Controls2? X2 odds ratio Pe
n=17 n=142 n=54
B*5801 17 {100%) 26(18.3%) 472 153.86 2.1%40-18
B*5801 17 {100%) 17 {18.0%) 417 155 37x100
10

3, patients who had ADRs other than allopurinol-induced cutaneous ADR

%, general Taiwanese population

X7, Chi-square with Yates correction

P, calculated by multiplying the raw P values by the observed number of HLA-B alleles (35).

I35 Table 4. Phenotype/genotype data of patients with allopurinol-induced

cutancous ADRs

Patient ID  Suspected drug | Phenotype HLA-B Genotype
39 allopurinol SIS B*Q705/B*3801
60 aflopurinol SIS B*4001/B*5801
61 atlopurinol SIS BA1554/B*3801
62 allopurinol SIS B*3901/B¥5801
63 allopurinol SIS B*5801

64 allopurinol SIS B*3901/B*5801
65 allopurinol SIS B*3001/B3%501
66 alloparinol SIS B¥400{B>5801
67 Allopurinol SIS B*1502/B*5801
68 atlopurinol SIS B*4001/B375801
69 allopurinol SIS and vasculitis on leg B¥4601/B*5801
70 atlopurinol SIS, and lichenoid B*4001/B*5801
71 atlopurinol SIS B*4002:B8*5801

36~
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Patient ID  Suspected drug | Phenotype HLA-B Genotype
72 alloparinol SIS B*4001/B*5801
73 alloprinol SIS B¥3101/B*5801
74 atlopurined TEN B 13015801

75 atloprinel SIS B¥5801

EXAMPLE 5. Correlation between HLA-B¥3801 and Allopurinol-induced HSS

HLA-B¥5801 was also found o be finked to allopurinol-induced HSS, which
includes cutancous rash (e.g., diffase macoopapular, exfoliative dermatitis), fover,

5 eosinophilia, atypical civeulating lymphocytes, leukoeytosis, acute bepatocelular
injury, or worsening renal function (Arcllanoe et al., Ann. Pharmacother., 27:337,
19933,

31 patients were studied, among which 21 bad 535, 3 SIS/TEN, | TEN, and
13 HSS. In all envolled cases, allopurinol was regarded as the offending drog if the

10 onscet of ADR syndromies ocewrred within the fiest 2 months of atlopurine! exposure
and the ADRs symptoms disappeared upow withdrawal of the drug. Patients with any
of the following conditions were excluded: absence of symptoms after re-exposure to
allopurinol, and patients with milder skin eruption who did not meet the criteria of
HSS, SIS or TEN,

15 The onget of HSS symptoms for all of the 31 patients was within the first 2
months of allopurinol exposure and 2 patients bad a second attack within 2 days of re-
exposure to allopurinol. Twelve patients recetved other drug(s) in addition to
allopurinol, but their medical records revealed no ADRs when these concomitant
medications were taken withoat altoparinol. All patients had hyperuricemia andior

20 gouty arthritis, as well as other chronic ilnesses, including hypertension (14/31),
chronic renad discase (16/31), and digbetes (9/31).

Ninety-¢ight goaty arthritis patients who had been on allopurinel for af least 6
months (means 38 months, ranges 6-107 months) with no syndromes of ADRs were

included ag the allopurinol-tolerant control. The sex distribution of tolerant group is



10

WO 2007/134235

comparable to geaeral prevalence of gout in Chinese people. Furthermore, 93 normal
subjects served as the normal control group. The demographic vanables of these 3

groups are shown in Table 3.

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

Su(::;;;!})m Tolerant (n=98) z\‘ornz:!:;gi)\;ects

Sex

Male 12 89 52

Female 19 9 41
Age (years)

Median (range) 379 (1891} §7.3(21-84) S3.9 {2291
AHopurinel desage {mgiday)

Median (range) 143.3 (50-300) 159.2 (1060-400) None
Duration of allopurinel exposure

Median (range) 28.2 days (1-56) 38 manths {6-107) Nooe

HLA-B*S80L allele was present in all 31 (100%) of the patients having
allopurinol-induced severe ADRs, in 16 {16.3%) of the 98 allopurinol-tolerant
patients (odds ratio 315, Pe < 107, and in 19 (20%) of the 93 normal subjecis (odds
ratio 241, Pe <J0Y). Relative to the allopurinol-tolerant group, the absence of
HELA-B*S801 had a negative predictive value of 100% for allopurinol-induced
ADRy, and the presence of this allefe had a positive predictive value of 66%.
Accordingly, HLAB*380] is a useful marker with high specificity (84%) and
sensitivity {100%) for allopurinol-induced severe ADRs, inclading cutancous ADRs
(e.g., SISITEN or HSS) and altopurinol-induced DRESS (drug reaction with

eosinophilia and systemic symptoms).

EXAMPLE 6. Genetic Markers Equivalent to HEA-B* 1502 or HLA-B*SS04

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

markers {(cquivalent genetic markers) is indicative of the presence of the aliclke.

PCT/US2007/068782
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To test the incidence of potential equuvalent genetic markers in patients with
ADRs, several markers in the HLA-B*1502 haplotype were deternined for their
association with ADRs. Indeed, HLA markers of the HLA-B¥ 1302 haplotype, such

as DRB 1202, Cw™0801, Cw*0R06, A* 1101, and MICA*019, had a significantly

v

high frequency in SISITEN patients who had been exposed to CBZ {Table 6).
Markers assoctated with HLA-BYS801 were also determined. Allele
distribution was analyzed in 4 patients who were homaozygous for HLA-B¥3801 and

the ancestral haplotype of this allele was defined as including HLA-A®3303,
Cw*3302, B¥3801 and DRBI¥03(01. This ancestral haplotype was presented in 12

H) {38.7%) of the 31 allopurinol-ADRs patients (Table 7), but only in 7.1% of the

tolerant patients and 9.7% of the normal subjects.

Table 6. Correlation between markers of B*1502- ancestral haplotypes and
ADRs

CBZ CBZ BZ Atopurinol General
SISTEN Milder Tolerant SISATEN Poputation
(n=42) (n16) {rv=73) (n=17) (204)
HLA-B*{502 42 (100%) | 0{0%) 3{4.1%) 1{5.8%) S(5.3%)
FLACW*0R0} 38 (90%%) N T3 T%)Y | 2{11.7%) | 10 (10.6%)
HLA-CwW0R06 3(7.1%) ND 0 (0%) 0 (0%) 0 (%)
HEA-AMLIO 3 (7.8%%0) ND ND ND 28 (29.8%)
HILA-DRBI*1202 38 {83.3% NI ND ND 1D (20.2%)
N
Table 7. Freguencies of individual or combined loci of HLA-B*5861 ancestral
haplotype in patients with allopurinol-induced severe ADRs, allopurinol-tolerant
patients, and in normal subjects
20
Allopuriant- Allepuringd~ Normal
ADRs tnierant Subjects
{(n=31} {n=98) (=93}
R*S801 31 {100%) 16 {16.3%) 10 {20.4%)°
CwH0302 20 (93.5%) 15 {13.3%) 19 {20.4%)
A¥3303 20464.5%) 18 (18.4%) 20 (21.5%)

39-
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DRBI*030} 21 (67.7%) 14 {14.3%) 14 (15.1%)
BHSR0L, (w0302 29 {93.5%) £5(15.3%) (9 {20.4%)
BS&01, CwH0302, A¥I303 20 (64,59 1313.3%) 16 (17.2%%)
BESROT, Cu 0302, DRB1IMI0 19 {61.5%) 9 (9.2%) 10 {10.8%4)
B30T, CwH0302, A$3303, DRBI0301 12 (38.794) 767.1%) 9 9.79%)

P Odds eatio {ATopurinel-ADRs Tolerant)y: 315 (95% CJ, (8.3-5409.5), po= 7.5 x 10,

* Odds ratio (AHopurinel-ADRS Normal k241 (953 O, (4311, pe = 61 x 1077

MHC markers associated with HLA-B¥*S801 were also determined using shont
tandem repeat polymorphism assay (STRP).  Briefly, twenty highly polymorphic
microsateilite markers focated in the MHC region were selected from NCBY database
(e, DES253E, DOS2972, DESS 10, DES26S, DOS3KK, DAS2K1H4, HLAC_CAL,
HLABC CAZ MIB MICA, TNF, BAT2_CA, DAOS273, DES16135, DQUAR,
GSTI52, D6S2414, DASIRGT, D6S1560, and DES1583). The sverage heterozygosity
of these markers was 0.72 with an estimated spacing of 230kb.

Privners were designed based on the sequences of these markers desceribed in
the database. PCRs were carvied out to amplify and detect the presence or absence of
these markers in patients using GencAmp 9700 thermocyclers (Applicd Biosystems,
Foster City, CA, USA) {in a 5-ul volume containing 10 ng of genomic DNA and 0.33
M of cach primser). Up to 6 PCR products having appropriate sizes and displaying
fluorescent signals were pooled before capiltary gel electropboresis. The size of
polymorphic amplicons was determyined by electrophoresis of ABI 3730 DNA
seqaencer (Apphed Biosysterns), using the LIZSO0 size standard as an internal size
standard {Applied Biosystems). Allele sizing was calculated using the GENMAPPER
program version 3.0 (Applicd Blosystems). Allele calling and binning were
performed using the SAS program. Theee CEPH control individuals (1331-01, 1331-
02, 1347-2) and H20 were included in all genotyping experiments for quality control
PUTPOSES.

An allele block located between HLA-C and TNFd  was found in the

alfoparivobinduced ADR patient group, bat not in the allopurinol-tolerant group,

-40-
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using a linkage disequilibrivm plot. In this block, a baplotype (MIB*35&-MICAY206-~
TNFA* 140) near the HLA-B allele was identified. The associabion of this haplotype
with ADRs is consistent with the assoctation of HLA-B*S801 with the same ADRy

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

I

alfopurinot-induced ADR patients were found to carry the same B allele (B*3801),
MICA allele MICA¥00201) and TNF STRP marker (TNFd*140). Except for one

patient, all others were also found to carry the same MIB marker (MIB*358).

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

Two patients baving CBZ-induced SISTTEN were recruited from Chang Gung
Memorial Hospital. One of the paticnts carried HLA-BY [S02/B*4601, the other
HEA-B*1302/B*5101. Genomic DNAs were extracted from the patients using
PUREGENE DNA purtfication system (Gentra systems, Minnesota, USA). The HLA-

15 B alleles were verified using sequence-specific oligonucieotide reverse line blots
(DYNAL Biotech Led., Bromborough, 1K)

Peripheral blood mononuclear cells (PBMCs) were isolated from the patients
by Ficoll-lsopague (Pharmacia Fine Chenucals, Piscataway, NN density gradient
centrifugation. A portion of the PBMCCs were transformed by Epstein-Bar vivus o

20 esiablish autologous B-cell fines.

T cells reactive 1o CBZ were expanded as deseribed below. PBMCs prepared
from the patients were cultared in complete RPMI medinm containing 10% heat-
inactivated human seram, H-2 (2507ml), and CBZ (25 pg/mb{Sigma) in a 37°C, 5%
€Oy incobator for 7 days. The T cells were then expanded by co-culturing with

25 rradiated (30GY) avtologous B cells in the presence of CBZ for 10 days. After 2
cveles of the above co-culturing provedurg, the CBZ-activated T cells were collected
and subjected to ELISPOT assays (¢Bioseience).

The CBZ-reactive T cells were tested for thelr cross-reactivity to compounds
¢.g., CBZ 10, Hl-epoxide. Oxcarbazepine (brand name: trileptal), , Licarbazepine, and

30 sunbindac. Briefly, T lvmphocytes (Sx1 0% cells) were mixed with autologous B cells

ey iy s X R N IVES S
Y cells) in 200 wd RPMI medivm containing 0% FBS in the presence or absence

31~
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of a test compound. The cells were then incubated for 24 hours in the wells of an
ELISPOT plate coated with anti-interferon y antibodies (Miltipore).  After incubation,
the supernatant of the cell culture was collected and interferon-y contained therein was
detected using antibody-mediated methods known in the ant.

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

to CBZ 10, 1 L-epoxide, Oxcarbazepine, and Licarbazepine, but not to Salindac.

OTHER EMBODIMEN

All of the features disclosed in this specification may be combined in any

TS

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

Front the above deseription, one skilled in the art can casily ascertain the
essential characteristivs of the present invention, and without departing from the spirit
and scope thereof, can make various changes and moditications of the invention {o
adapt it to various usages and conditions. Thus, other erabodiments are also within

the scope of the following claims.

42,
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The Claims Defining the Invention are as Follows:

1. A method of assessing a risk of a human patient for developing
an adverse drug reaction in response to a drug, comprising

detecting the presence of HLA-B*1502 in a sample obtained from the
patient, and

correlating the presence of HLA-B*1502 in the sample with an
increased risk for an adverse drug reaction in the patient in response to the
drug,

wherein the adverse drug reaction is Stevens-Johnson syndrome or

toxic epidermal necrolysis and the drug is oxcarbazepine or licarbazepine.

2. The method of claim 1, wherein the drug is oxcarbazepine.

3. The method of claim 1 or claim 2, wherein the sample obtained

from the patient is a DNA sample.

4. The method of any one of claims 1 to 3, wherein the presence of
the HLA allele is determined by hybridization with an oligonucleotide that
specifically hybridizes to the allele.

5. The method of claim 1 or claim 2, wherein the sample obtained
from the patient is a RNA sample, a protein sample, a cell sample, or a serum

sample.

6. The method of any one of claims 1 to 5, wherein the sample is

obtained from peripheral blood of the patient.

7. The method of any one of claims 1 to 6, wherein the adverse

drug reaction is Stevens-Johnson syndrome.

-43 -
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8. The method of any one of claims 1 to 6, wherein the adverse

drug reaction is toxic epidermal necrolysis.

9. A method according to claim 1, substantially as herein described

with reference to any one or more of the examples and/or figures.

-44 -
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Figure 3



