
HLA ALLELES ASSOCIATED WITH ADVERSE DRlKi REACTIONS
AND METHODS FOR f)ETECTIiSG SUCH CROSS-REFERENCE TO
RELATEDAPPLICATIONS "This application claims the
benefit of U.S. Patent Application No. 60/8011 !2 !,
filed May 11. 2006, the content of which is
incorporated herein by its entirety. BACKGROUND An
adverse drug reaction (ADR) is an undesired and
unintended effect of a drug. In particular, an adverse
drug reaction occurs at o es 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 et aL JAMA,
21% !5): 1200-  205, 1 ). Cutaneous ADRs account for
about 2-3% of all hospital admissions (Bigby et aL
JAMA, 256(241:3358-3363, f986). They range from mild
maenlopapular (MPEl, with increasing severity, to
life-threatening ADRs, such as hypersensitivity
syndrome (HSS) . Stevens-Johnson syndrome (SJS) and
toxic epidermal necrolysis (TEN: LyelPs syndrome). The
mortality rate of the latter can be as high a 40%. HSS
is characterized by multi-organ involvements (e.g.
hepatitis or nephritis) accompanied with systemic
manifestations (e.g. fever, arthragis, cosinoph ilia
and lymphadenopathy) in additional to skin rashes
(Roujeau t aL N. Engl. J . Med., 33 1:1272- 1285,
1994). SJS and TEN are imrmine-complex-rnediateci
hypersensitivity disorders characterized by rapid
development o f blistering exanthema of purpuric
macules and target-like lesions accompanied with
rnueuies involvement and skin detachments (Roujeau et
a J invest Dermatol, 1994, 102:28S~30S). They are
caused mostly by drugs, such as sulfonamides,
anticonvulsants, aliopurino!, nonsteroidal anti
inflammatory drags, and antimalarials (Roujeau et aL
N, Engl. J . Med.. 333(24): 1600- 1607, 1995). In
Taiwan, anticonvulsants (e.g.. CBZ, phenytoin and
phenobarbitai) and aliopurino! are the most common
drugs causing SJS/TEN. Recent developments o f
pharmacogenomies have implied that the susceptibility
to ADRs is associated with particular genetic alleles.
For example.genomic polymorphisms of the thiopurine
methyitransferase gene were found to be closely
related to ADRs induced by azathtoprine, a drug for
rheumaioiogic diseases or cancer (Yates et al, Ann.
Intern. Med., 126(8):608~614, I )- It is aiso
suggested that the susceptibility to SJS/TBN/HSS
induced by certain drugs is genetically determined
(Gennis A, Am. J . Med., 9 1(6):63 !-634, 199 !;
Edwards SG, Postgrad. Med. J., 75(889): 80-681. 1999).
However, die e c responsible genetic factors have yet
to be identified. These pharmacogen amks studies
suggest thai detecting ADR-assoeiated alleles in a
patient is a useful approach for assessing whether
that patient is ai 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 allelicspecific 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 HLAB* 580l ) requires detecting at least 6
regions within that allele. SUMMARY OF THE INVENTION
The present invention provides a method of predicting
the risk of a patient for developing adverse drug
reactions, particularly SJS, TEN, or HSS. It wa
discovered that HLA-B* 1502 is associated with SJS/TEN
induced by a variety of drugs, e.g., earbamazepinc
(CBZ) in addition, HLA-8*5801 is particularly
associated with SJS/TE induced by allopurinol.
HLA-B*58  l is also associated with allopurinolinduced
HSS. Milder cutaneous reactions induced by CBZ, such
as maeuSopapular rash, erythema multiforme, urticaria,
and fixed drug eruption, are particularly associated
with HLA~B*4O 1 . Accordingly, the present application
provides a method of assessing the risk of a patient
for developing an adverse drug reaction in response to
a drug, including performing MLA typing using a
biological sample from the patient. Any HLA allelethat
Ls associated with the ADR with a sensitivity of at
least about 40% can be used as the risk factor in the
present Invention. Preferably, the sensitivity of the
risk factor ia at least about 50%, 60%, 70%, 80%, 85%
or 90%. fvtore preferably, the sensitivity is at least
95%, The drug is preferably selected from the group
consisting o f CBZ, oxearbazepine (brand name;
trilepta ) iiearbazepin e, aOopurin, pbenytoin,
sulfasalazine, amoxicillin, ibuporfen and ketoprofen.
Alternatively, the drug is preferably not a
nonsteroidal anti-inflammatory drug. Preferably, an
HLA-8 allele is 



the risk factor. Assessing the risk of a patient for
developing an adverse drug reaction m response to a
drug, can be accomplished by determining the presence
of an HLA-B allele selected from the group consisting
of HLA-B* 1502, HLA-B*580  and HLAB* 4601 , wherein
the presence of the HLA-B allele is indicative of a
risk for an adverse drug reaction. The drug can be
selected from the group consisting of CBZ,
oxcarbazepine, Hcarbazepine, allopu pnol, oxypurinoi .
phenytoin, sulfasalazine, amoxicillin, ibuprofeo, and
ketoprofen. The adverse drug reaction can be a
cutaneous adverse drug reaction, such as SJS, TEN, or
HSS.  n one embodiment, the drug is selected from CBZ,
oxcarbazepine, Hcarbazepine .and the allele is HLA-B*
1502. n another embodiment, HLA-8*5801 is used to
predict the risk for SJS, TEN, or HSS, and the dr g
can be selected from allopurmol or oxypurinol. Other
subtypes of HLA-B 15 B58 or B46, such as HLA-S* 1503
or *1558, can also be used to predict the risk for
developing an ADR. A genetic allele can be detected by
direct detection of regiorts/nueleotides within the
allele using genomic DNAs prepared from biosamptes,
e.g., blood, saliva, urine or hair. The allele 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 he. , an SNP (single nucleotide
polymorphism), a microsatellite marker or other kinds
of genetic polymorphisms. In other words, the presence
of the I lLA-B* 1502. 5801 or 4601 haplotyp e. rather
than the allele per ,*<?, is indicative of a risk for
adverse drug reactions. Exemplary -equivalent genetic
markers of IiLA-B 8 * 502 hapiotype include DRBI
*1202. Cw*080h Cw*0806, A*l 101 and MICA*019.
Exemplary equivalent genetic markers of HLA-B* 580!
includes HLA-A*3303, Cw*O3O2, DRB 1*0301, and
MICA*0020l . Another aspect o f the present invention
is a method of pharmacogenetics profiling. This method
includes determining the presence of at least one
HLA-B allele selected from the group consisting of
HLA-B* 1502, HLA-B*58OL and HLAB* 46C)L In one
example, the presence of at least two alleles selected
from the group is determined, such as HLA-B* 1502 and
HLA-B*58 Q1, In another example, die presence of all
three alleles is determined. The method can optionally
comprise the determination of other genetic factors.
Those other genetic factors can be associated with the
predisposition for any disease or medical condition,
including ADRs. For example, these other genetic
factors can be selected from the group consisting of
thioptirine methyttransferase and the genes for the
tong-QT syndrome, Aiso within the scope of this
invention is a method for determining whether a
patient carries HLA-B* !502 or HLA-B*58O  . This
method includes the steps of: ( ! ) detecting a first
region selected from either Regions I-6 of MLA-B* 1502
or Regions I-(S of HLA-B*580K (2) detecting a second
region selected from either Regions 1-6 of IiLA-B*
1502 or Regions l - o f HLL-B*58O1 , the second region
being different from the first region, and (3)
determining whether the patient carries the allele of
interest, the presence of the first  second regions
indicating that the patient carries HLA-B* 1502 or
HLA-8*5801 . These regions can he detected by
Real-Time PCR or Competitive Sequence-Specific
Oligonucleotide hybridization assay coupled with ELISA
(CSSO-ElJSA), In one example, detecting two regions
selected from Regions 1-6 of HLA- B* 1502 or from
Regions 1-6 of HLA-B*580 1 is sufficient to determine
the presence o absence o f HLA-B* 1502 or HLA-8*5801 .
Alternatively, three or more regions within HLA-B*
1502 or HLA~B*58O1 are detected. Detection of Region ,
Region 2, and Region 3 of HLA-B* 1502 can be achieved
respectively by identifying nucleotides at positions 1
and 3 within Region 1, at positions I and 6 within
Region 2, and at positions Sand 3 within Region
3(including the nucleotides i either the sense strand
or the anti-sense strand at these positions).
Detection of Regions 1-6 of HLA-B*5S0l c be achieved
respectively by identifying nucleotides at positions L
2, and 5 within Region 1, positions  , 4 6, 7, 5 8,
15, J6,ark320 within Region 2, at positions 2. 4, 5,
8, and within Region 3, at positions 3 and 5 within
Region 4, at positions 1 and 9 within Region 5, and at
positions 3 and SO within Region {>, The present
invention also provides a kit for detecting a genetic
allele, e.g., HLA-B*! 502 or HLA-8*5801 . In one
example, this kit contains a first probe and a IO
second probe, each targeting a region selected from
Regions i-6 of HLA-B* 1502 or Regions i-6 of
HLA-B*58Q1. The two probes target different regions.
The kit can 



further include a third probe that targets an internal
control allele. It can also include one or more
additional probes for detecting one or more additional
regions within HLA-B* 1502 or HLA-B*5801 . 15 Further
provided is a method for determining whether a
compound is a candidate that induces an ADR (e.g.,
SJS/TEN, HSS. or a milder cutaneous ADRj in a patient
carrying an HLA allele (e.g.. HLA-B*1502, HLA-B*58OL
or HLA-B*4601) associated with the ADR induced by a
drug (e.g., CBZ, allpurinoL or phenytoin). This method
includes the steps of: ( 1) isolating T eel from an
ADR patient carrying 0 an HLA allele associated with
the ADR, (2) expanding  cells reactive to the drug
that induces the ADR, (3) isolating antigen-presenting
cells from the patient, (4) contacting the expanded T
ceils with a compound in the presence of the APCs, and
{5) examining whether the compound activates the
expanded T cells. A compound that activates the T
cells is a candidate that induces the ADR in a patient
carrying the same 5 HLA aHeIe. L patient has a "risk"
for an ADR if the probability o f 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 least about
1,5 ibid, more preferably at least about 2 fold, still
snore preferably at least about 3, 4, 5, 6, 7. or 9 0
fold, and most preferably a least about S0 fold as
high as the probability of the _ >~genera! 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 i present in 5% of the general population. If
this factor is present in 10% of the patients who have
an ADR, then the probability of a patient with this k
factor to develop the ADR is 2 fold as high as the
probability of the genera! population to develop the
ADR. A "risk factor" for n 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 l a t about 50%, 60%, 70%. 80%, 85% or
90%. Most preferably, the sensitivity is at least 5%.
The "sensitivity" of a risk factor for predicting an
ADR is the percentage of patients with the ADR that
possess the risk factor, n other words, if every SJS
patient has aileie A, the sensitivity of allele A for
predicting SJS is 100%. If 20 out of 40 SJS patients
have allele B, then the sensitivity of allele B for
predicting SiS is 50%. An "equivalent genetic marker"
of an aileie of interest refers to a genetic marker
that is linked to the allele of interest, i.e.. it
displays a linkage disequilibrium with the allele of
in erest "Pharmaeogenonfies profiling" refers to the
determination of genetic factors present in a subject
that are associated with diseases or medical
conditions, particularly adverse reactions to drugs.
Typically, a panel of genetic factors is determined in
pharmacogenetics profiling, 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 a drug or
the same as the drug except that at ieast one hydrogen
in the drug is substituted with a halo, hydroxy!,
acyfamino, alkyl, alkenyi, alkynyS, aikoxy, aryloxy,
aryi, aryloxyaryh carboxyl, carboxylaikyl,
earboxyl-substiiuted akyl, carboxyl-cycloalkyl,
earboxySsubstituled cyctoalkyl, carboxyiaryi. earboxy
-substituted aryi, carboxylheteroaryS,
earboxyl-substituted heteroaryi, carboxylheterocyclie,
carboxyl-substituted heterocyclic, cycloalkyi,
substituted aikyl, substituted aikoxy, substituted
aryi, substituted aryloxy, substituted aryloxyaryl,
substituted eyeloalkyl, heteroaryl.substituted
heteroaryl, heterocyclic or substituted heterocyclic
group. The chemical groups are defined below. The
subaiste pt can contain zero to ten, zero to six, zero
to four, or zero o two carbon atoms. As used herein,
'"alkyP refers to alky Sgroups having j to IO carbon
atoms or S to 6 carbon atoms. "Substituted alky!"
refers to an alky i group, preferably of from 1 to
iOcarbon atoms, having from 1 to 5 substkuems selected
from the group consisting of aikoxy, substituted
aikxy, acyl, acyiamino, thiocarbonylamino, acyioxy,
amino, amidino, alky] araidi pa, thioamidir, ami
poacyl, arainocarbonylamino, aroinothiocarbonylamino,
ammearbo pyloxy, aryl, substituted aryl, aryloxy,
substituted aryloxy, arylxvlaryl, .substituted ary
ioxyaryi, cyano, halogen, hydroxy!, nitro, carhoxy  .
carboxya kyS, carboxyj-substituled alky L
earboxyl-eyeSoaikyl, carhoxyl-substituted cyeiaalkyi,
carboxylaryl, carboxy -substituted aryL
carboxyllieteroary 1, earboxyl-substituted heteraryi,
carboxy [heterocyclic, carboxyls bstituled
heterocyclic, cycioalkyl, substituted cycloalkyi,
guanidino, 



guanidi posulibne thiol thioalkyl substituted thioa
kyL thioary.1 substituted thioaryl, thioeycloalkyL
substituted thiocycioaikyi, thioheteroary!,
substituted thioheteroaryl, thioheterocyelic,
substituted chioheterocyclic, heteroaryl, substituted
aryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic, cycloalkoxy, substituted
eycSoaikoxy, heteroaryloxy, substituted heteraryloxy,
heterocyclyioxy, substituted heterocyclyioxy,
oxycarbonyiamino, oxythioearbonylamino, -OS{O)>
-alkyl, -OS(O) -substituted alkyi, -OS(O) -aryl,
-OS(O) -substituted aryl, -OS(O); -heteroaryl. - OS
-substituted heteroaryl, -OS(O); -heterocyclic,
-OS(O)? - substituted heterocyclic, -OSO; -NRR.
-NRS(O); -alkyl, -NRS(Oh -substituted alkyl, -NRS(O) -
aryl, -NRS(Ob -substituted aryl, -NRS(O) -heteroaryl.,
-NRS(O) -substituted heteroaryi. ~NRS{O)>
-heterocyclic, -NRS(O): -substituted heterocyclic,
-NRS(O)? - NR-aikyl, -NRS(O) -NR-substituted alkyl
-NRS(O) -NR-aryt -NRS(O) -NRsubstituted aryl. -NRS(O)
-NR -heteroaryi -NRS(O) -NR-substituted heteroaryl,
-NRS(O) 2 -NR-hcterocyclic, -NRS(Ob -NR-substit"te<!
heterocyclic, mono- and di-alkylammo, mono- and
d[-(substituted aikyi)amino, monoand diarylammo. mono-
and d (-(substituted aryi)ar pino. mono- and
diheteroarylamino,mono- and di-(substituted
heteroaryl)ami po, mono- and diheierocyetic amino,
monoand di~{substituted heterocyclic) amino, unsymmet
pe disubsiituted amines having different substituents
selected from the group consisting of alky!,
substituted alkyl, aryl, substituted aryl, heteroaryi,
substituted heteroaryl, heterocyclic and substituted
heterocyclic; substituted alkyl groups having ammo
groups blocked by conventional blocking groups and
aikyl/suhstituted alkyl groups substituted with -SO;
-alky!, SO -substituted alkyl, -SQ; -aSkenyl, -SC
-substituted aikenyl, -SO? -cycioalkyL -S(> -
substituted cyclaaikyL -SCb -aryl, -SO? -substituted
aryl, -SO? -heteroaryl, -SO> - substituted heieraryL
-SO> -heterocyclic, -SO? -substituted heterocyclic or
-SO> ~ RR where R is hydrogen or alkyl "Alkoxy" refers
to the group alkyl-CK" which includes, by way of
example, methoxy, ethoxy, n-propoxy, iso~propoxv\
p-butoxy, tert-butoxy, see~butoxy. npentoxy, n-hexoxy,
1,2-dinie ihylbutoxy, and the like, "Substituted
alkoxy" refers to the group "substituted aikyl-O-,"
"Acy S refers to the groups Ii-C(O)-, aky1-C(OK
substituted alky i-C(O)-, aike yi-C(O)-, substituted
alkenyi-C(O)-, alkynyi-CCO}-, substituted
aikyny!-C{0). cydoa]kyl-C(  k substituted
cycloalkyi-CfO}-, ars'l-C(O)-, substituted aryl-C(O)-,
heteroaryl-C(O)-, substituted heteroa iyl-C(O),
hcterocyciic-C(O)-, and substituted hetereydie-C(O)-,
wherein alkyl, substituted alkyl, alkenyS, substituted
alkeny!, aikynyl, substituted alkynyL cycloalkyl,
substituted cyeloalkyl, ary!. substituted aryl.
heteroaryl, substituted heteraryl, heterocyclic, and
substituted heterocyclic are as defined herein,
"Aeylamino" refers to the group -C(O)NRR where each R
is independently selected from the group consisting of
hydrogen, alky!, substituted alkyl, aikenyl,
substituted alketiyl, alkynyL substituted aikynyl,
aryl, substituted aryl, cycioalkyL substituted
cycioalky , heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic; and where
each R can be joined to form, together with the
nitrogen atom, a heterocyciic or substituted
heterocyclic ring wherein alkyl, substituted alky!,
aSkersyL substituted alkenyl, aikynyl, substituted
aikyrivl, cycloalkyl. substitutedcydoalkyi, aryi,
substituted aryi, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic are as
defined herein. "Aeyioxy" refers to the groups
aikyl-C(p)O. substituted alkyl-QOKK aikenyl-C(O)O-.
substituted alke yi-C(O)O-, aIkyny S-C(O)O-,
substituted aflynyi- 5 C(O)O-. aryS-Q O)O-,
substituted ary-C(O)O-, cycoaiky I-C( O)O-,
substituted cycloalkyl-(O)O-, heteraryi-C{O}O~s
substituted heterary.K;{O)O~, heterocyclie- C(O)O-,
and substituted heterocyciic-C{O)O- wherein alkyl,
substituted alkyi, aikenyi, substituted alkenyl,
alkynyl, substituted alkvfry!, cycioaikyi, substituted
cycioalkyl, ary I, substituted ary!, heteroaryl,
substituted heteroaryl, heterocyclic, and IO
substituted heterocyclic are s defined herein.
"ASkepyi" refers to alkenyl group preferably having
from 2 to JO carbon atoms and more preferably 2 to 6
carbon atoms and having at least 1 and preferably from
1-2 sites of alkenyl unsaturaiion. "Substituted
alkenyl"' refers to aikenyi groups having from 1 to 5
sobstituents selected from the group consisting of
alkoxy, substituted 15 aikoxy, acyL acyiami po,
tbiocarbonylamino, acyloxy, amino, araidino,
alkyiamidino, thioamidino, aminoacyl, anii.nocarbonyi
amino arainothiocarbonylamino, aminocarbonybxy, aryl,
substituted aryi, aryioxy, substituted anioxy,
aryioxyaryi, substituted aryioxyaryl, halogen,
hydroxy!, cyano, nitro, carbxyl, carboxyiaikyl,
carboxyi-substiSuted alkyi, carboxylcycloaikyl,
carboxyl-subslituted cycloaikyi 0 carboxylaryi,
carboxyl-substimted aryi, carboxylheteroaryi,
carboxyl-s ubstiw ed 



heteraaryl, carboxylheterocyclic, earboxy [substituted
heterocyclic, cyeloaikyl, substituted cycioalkyi,
guam'dino, guanidifiosulfoue, thiol, thioaikyl,
substituted thioaikyl, thioary!, substituted thioaryl,
thiocycioalkyl, substituted thiocyciaaikyl,
thioheteroaryi, substituted thioheteroary!.
thioheterocyclic, substituted 5 thioheterocyclic,
heteroaryi, substituted heteroaryi, heterocyclic,
substituted heterocyclic, cydoalkoxy, substituted
eycloaikoxy, heteroaryloxy, substituted heteroaryioxy,
heterocvclyioxy, substituted heteroeyclyioxy.
oxycarbonyiamino, oxytbiocarbonyiamino, -OS(O):
-alkyl, -OS(O)^ -substituted alky!, -OS(O) -aryi, - OS
O) -substituted aryi, -OS(O) 2 - heteroaryi, -OS(O)
-substituted heteroaryl, - 0 OS(O) 2 -heterocyclic,
-OS(O); - substituted heterocyclic, -OSO -NRR, -NRS(O)
2 -aikyi, -NRS(Ob -substituted aikyi, -NRS(Ob -aryi
-NRS(Ob -substituted aryi, - NRS(O) -hcleraryl,
-NRS(C)); -substituted heteroaryl -NRS(Ob
-heterocyclic, - NRS(O) -substituted heterocyclic.
-NRS(O); -NR-alkyl, -NRS(O) -NR-substituted alky!.
-NRS(Ob -NR-alkyl -NRS(Ob. -NR-substituted aryi
-NRS(O) -NR- 5 heteroaryi, -NRSfOb -NR-subst tuted
heteroaryi, -NRS(O)? -NRheterocyciic, -NRS(O)^
-NR-subsiifuted heterocyclic; mono and di-aikylamino.
mono- and di-(si ibstiti ited alkyOamirso. monoand
di-aryiamino, mono- and di- (substituted aryl)ami pa,
o o- and diheleroarylami po, mono- and di-(
substituted heteroaryi)amim>, mono- and dihetcrocyclic
amino, mono- and d(-{substituted IO heterocyclic)
amino, imsymmetric ciisubstituted amines having
different substituems selected from the group
consisting of aikyl, substituted aikyl, aryl
substituted aryi, heteraryi, substituted heteroaryi
heterocyclic and substituted heterocyclic and
substituted akepy ! groups having amino groups blocked
by conventional blocking groups (such as Boe, Cbz,
formyl, and the like) and alkenyl/substituted alkenyi
groups i5 substituted with -SO -alkyL-SO substituted
alkyL-SO -alkeny I, -S0> -substituted aikenyl, -SO
-cycioalkyL -SCh -substituted cyc oalky!, -SO; -aryi,
-SO; -substituted aryi, -SO -heteroaryi, -SO; -
substituted heteroary), -SO; -heterocyclic, -SO -
substituted heterocyclic en- -S0.> NRR, where R is
hydrogen or alkyi. LlkynyV refers to alkynyi group
preferably having from 2 to 10 carbon 0 atoms and more
preferably 3 to 6 carbon atoms and having at least 1
and preferably from 1-2 sites of aikynyl
unsaturatiors. "Substituted alkynyi" refers to alkynyi
groups having from 1 to 5 substituents selected from
the group consisting of alkoxy. substituted alkoxy,
acyl. acylamino, thiocarbonyiamino. acyioxy, amino
aridipo. aikylamidino, thioamidino, aminoacyk
aininoearbonyiamino. 5 aminothiocarbonylarnino,
arninocarbonyioxy, aiyl, substituted aryi aryioxy,
substituted aryioxy, aryloxyaryL substituted
aryoxyaryl, halogen, hydroxy! cyano, nitro, earboxyl,
carboxylalkyl, earboxyl-substituted alky],
carboxyicycloalkyl, earboxyl-substituted cyeloalkyi,
earboxyisryi, carboxyl-^ubstiwted aryi, carboxylbet
eroaryl. earboxyl-substituted heteroaryi, carboxyi
heterocyclic, carboxyi- 0 substituted heterocyclic,
eycioalkyl, substituted cyeloalkyl, guanidino.guanidi
posulfbne, thiol, thioalkyl substituted thioaikyi,
thioaryl, substituted thioaryi, tbioeycloalkyi,
substituted thjoeycioaiky  , thioheteroaryi
substituted thioheteroaryl, thiaheterocyclic,
substituted ihioheteroeycUc. heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic,
eycioaikoxy, substituted eycSoaikoxy, heteroaryioxy,
substituted heteroaryloxy, oetercyetyloxy, substituted
heteracyclyloxy, oxycarbonyiamino,
oxythiocarbonylamino, -OS(O) -alkyl, -OS(CXh
-substituted aikyi, -OS(O)2 -aryL -OS(O) -substituted
aryl, X) S(O) - heteroaryL -OS(O): -substituted
heteroaryl, -OS(Oh -heterocyclic, -OS(O) - substituted
helercycJ ic. -OSO; - RR, -N RS(O) -alky I, -NR S(O) -
substituted aikyi, -NRS(O): -aryL -NRS(O) -substituted
aryL -NRS(O) -heteroaryl, - NRS(O) -substituted
heteroaryl, -NRStO) -heterocyclic, -NRS(O) 2
-substituted heterocyclic, -NRS(O) -NR-alkyl -NRS(O) 2
-NR-substit uted alkyl. NRS(0.)> -NR-aryi, -NRS(O);
-NR-substiiuted aryJ. -NRS(Ob -NR-heteroaryl -NRS(Oh
-NR-aibstituted heteroaryl, -NRS(O);;
-NR-heterocyclic, -NRS(O) -NRsubstituted heterocyclic,
o - and di-aikyiamino, mono- and di-(substHuted
alky!)amino, raopoand di-arylamino, mo.no- and
di-(substituted aryDamino, rnopoand diheteroarylammo,
mono- and di-(substit uteci heteroaryl)amiixx mono-
and diheterocyclic amino, mono- and dt-f substituted
heterocyclic) amino, unsymmetric disubstitut ed amines
having different substituents selected from the group
consisting of alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryJ. substituted heteroaiyl,
heterocyclic and substituted heterocyclic; substituted
alky yl groups having amino groups blocked by
conventional blocking groups (such a Boc, Cb , formyL
and the like), and aiky pyl/subsututed aikynyl groups
substituted with -SO? -alkyl, -SO: - substituted aikyL
-SO2 -alkeny!, -SO2 -substituted alkenyl, -SO2
-cycioaSkyi, -SO - substituted cydoalkyl, -SO; -aryl,
-SOj -substituted aryl, -SO2 -beteroaiL'L -SO - 



substituted heteroaryl, -SO -heterocyclic, -SO
-substituted heterocyclic Or -SO NRR. where R is
hydrogen or alkyL "AminoacyP refers to the groups
-NRC(O)alkyL -NRC(O)s"bstiftued alkyl,
-NRC(O)cycloaIky 1, -N RC(O)substituted cycloalkyi.
-NRCt O)a!keny I -NRC(O)-substituted alkenyl,
-NRC(O)-aikynyl, -NRC(O)~suhstitufed alkynyi,
-W-NRC(O)-aryl, -NRC(O)substituted aryl
~NRC{O)heteroaryl -NRC(O)substitut ed heteroaryi, -1 l
C(O ^heterocyclic, and - RC{O)subs-ilisted
heterocyclic, where R is hydrogen or alky! and wherein
alky!, substituted alky I, alkenyl, substituted
alkenyl alkypyl, substituted alkynyl, cycioa kyl,
substituted cycloalkyl, aryS, substituted aryl
heteroaryi substituted heteroaryi heterocyclic and
substituted heterocyclic are as defined herein,
"Aminocarbonyioxy" refers to the groups
-NRC(O)O-alkyl, -NRC(O)Osubstituted alky L
-NROCnO-aikenyL -NRC(O)O-s itbstn uted alkenyl,
-NRC(O)Oaiky py!. -NRC(O)O-subs"futed alkynyl.
-NRC(0)0-eyc!oalkyL -NRC(O)Osubstituted eyeioalkyl,
-NRC(OK>-aryl, -NRC(O>O-s bstit ted aryl. -NRC(OX)-
heteroary!, -NRC(O)O-s ubstituted heteroaryi, and --
NRQOjO-substituted heterocyclic where R is hydrogen or
alky and wherein aikyl, substituted akyi, alkenyl,
substituted alkenyL alkynyl, substituted alkynyk
cycloalkyl, substituted cycioalkyL aryl, substituted
aryl, heteroaryi. substituted heteroaryi. heterocyclic
and substituted heterocyclic are as defined herein.
*Oxycarbony!amino" refers to the groups -OC(O)NRR 5
-OC(O)NR-alkyi, -OC(O}NR-substituted aikyl, -OQ
'O)NR-a!kenyk -OCCOjNR-substftuent alkenyl -OC(O)N
R-alkynyl, -OC{O)NR-substttuted alkynyl, -OC(O)M
R-cycloalkyl, (X;(O)N R-substituted cycioalkyL
-OC(O)IN R-aryl -OC(O)N R-substituted aryl, -OC(O)N
R-heieroaryl, -OC{0)NR-sobstituled heteroaryi,
-OC(O)NRheter acyclic, and -OC(O)N R-substituted
heterocyclic where R is hydrogen or alkyl, and where
each R can be joined to form, together with the
nitrogen atom, a heterocyclic or substituted
heterocyclic rinti and wherein aikvl. substituted
alkvl, alkenyl, substituted alkenyl alkynyi,
substituted aikyrsyi, cycloalkyl, substituted
eycloaikyl aryl substituted aryl heteroaryi,
substituted eteroaryl, heterocyclic and substituted
heterocyclic are as defined herein. A ryl" or "Ar"
refers to an unsaturated aromatic carbocyciie group of
from 6 to 14 carbon atoms having a single ring (e.g.,
phenyl) or multiple condensed rings (e.g., naphthyl or
aothryl) which condensed rings may or may not be
aromatic(e.g., 2-bepzoxazolinooe,
2H-l,4-benzoxazin-3(4H)- qRe-7-y . and the like).
Preferred aryls include phenyl and naphthyi.
Substituted aryi refers to aryl groups which are
substituted with from I to 3 suhstituems selected from
the group consisting of hydroxy, aeyl, acyiamino,
thiocarbony (amino, acyioxy, alkyi, substituted afkyl
alkoxy, substituted alkoxy. alkenyl substituted
alkenyl, aikynyl .substituted alkynyl, amidino,
aikylamidino, thioamidino, amino, aminoacyl.
aminocarbonylosy, aminocarbonylamino, apiinothiocarbo
pylami o, aryl, substituted aryl, aryloxy, substituted
aryloxy. cycloalkoxy. substituted cycioalkoxy,
heteroary oxy, subsiitutcd hcteroaryioxy,
heterocyclyioxy. substituted heterocyclyloxy.
carboxyi, carboxylaikyl, carboxylsubstitutcd alkyi.
carboxyl-cycioalkyi, carboxyl-s ubstitutcd cycioaliyi,
carboxyiaryl, carboxyl-substttuted aryl.
carboxylheteroaryi, carboxyl-subslituted heteroaryl.
carboxylhcterocyclic, carbosyl-suteiituied
heterocyclic, carboxylamido, cyano, thiol, thioalkyl,
substituted thtoalkyl, thioaryl, substituted thioaryl.
thioheteroaryl, substituted thioheteroaryl
ihiocycioalkyl. substituted ihiocycloalkyl.
thioheterocycHc, substituted thioheterocyclic.
cycioalkyl, substituted cycloaikyL guanidino,
guanidinosulfone, halo, nitro. heteroaryl. substituted
heteroaryl, heterocyclic, substituted heterocyclic,
cycloalkoxy, substituted cycioalkoxy, heteroaryloxy,
substituted heteroaryloxy, heterocyclyloxy,
substituted heterocyciyloxy, oxycarbonylamino.
oxythiocarbonylami po, -SO(O); -alkyi, S[O)
-substituted alky!, - S(O).; -cycloaikyL -S{O}
-substituted eycoaikyl -S(O) -alkenvl, -S(O) -
substituted aikenyi, -S(O) -ary , -S(O) -substituted
aryl -S(O)j -heteroaryl, -S(Oh -substituted
heteroaryl, -S(O) -heterocyclic, -S(O) -substituted
heterocyclic, -OS(O); -alkyl. - OS(O) -substituted
aikyL -OS(O); -aryl. -OS(O); -substituted aryl,
-OS(O); - heteraryi. -OS(O); -substituted heteroaryl
-OSK)); -heterocyclic, -OS(O).= - substituted
heterocyclic, -C)SO; -NRR, -NRS(O); -alkyl -NRS(O): -
substituted alkyl ~NRS(Oj> - y1 -NRSfO); -substituted
aryi, -NRS(O); - heteroaryl -NRS(O); - substituted
heteroaryl, -INRS(O); -heterocyclic, -NRS(O); -
substituted heterocyclic, - NRS(O); -NR-aikyl -NRS(O);
-Nk-substituted alkyi, -NRS(Oh -NR-aryS, -NRS(Ob
-NR-substiUited aryi, -NRS(O) 2 -NR-heteroaryl,
-NRS(Ob -NR-substitutedheteroaryi, -NRS(O):
-NR-substiiuted -NRS(O): -NRsubstituted heterocyclic,
monoand 



di~aikySammo, mono- and di-(suhstituted alkyl)astrino,
mono- and di-arylamimx mono- and di~(suhstitoted
aryljamino, monoand di-heteroaryiamino, mono- and
disubstituted heteroaryi)arnmo, mono- and d
heterocyclic a ino mono- and di- (substituted
heterocyclic) amino, unsymmet pe disubstituted amines
having different substituents selected from the group
consisting f alkyl, substituted alkyi, aryj,
substituted aryl, heteroaryl, substituted hetetxwyl
heterocyclic substituted heterocyclic, amino groups OR
th substituted aryl blocked by conventional blocking
groups (such as Boc. Cbz, formy), and the like), and
-SO NRR, where R is hydrogen or alkyl. "Substituted
aryloxyaryT refers to arylxyaryl groups substituted
with from to 3 substitnents on either or both ary)
rings selected from the group consisting of hydroxy,
acyl, acyiamino, thioearbonyiamino. acyloxy, alkyi,
substituted alkyU aikoxy subsdtuted alkoxy, alkeny!,
substituied alkenyl. alkynyl, substituted alkynyl.
apiidino, alkylamidino, thioamidi po, amino,
aminoacyl, aminocarbonyloxy, aminoca onyiamino,
aminothiocarbonyiamino, ary!, substituted ary!,
aryloxy, substituted aryloxy, cyeSouSkoxy, substituted
eycioalkoxy, heteroaryloxy. substituted heteraryioxy,
heterocyclyioxy, substituted heterocyciyloxy, carbo\
y! carbosylaikyi, carboxyKsubstiSuted
alkyLcarboxyl-cycloa kyL carboxyl-subsiituted cyeloa
kyL carboxylary!, carboxyl-substiiuted aryl,
carboxylheteroaryL carboxyl-substiw d heteraaryl,
carboxylheterocyclic. carboxyi-substituted
heterocyclic, carboxylamido, cyapo, thiol, thioalkyl,
substituted thioalkyL thioaryl, substituted thioaryl,
thioheteroaryl, substituted thioheieroary],
thiocycloaikyl. substituted thioeycloalkyl,
thioheterocyelie, substituted thioheterocyclic,
cycloaikyi, substituted cycloalkyl, guanidino,
guanidinosulfo pe halo, nitro, heteroaryk substituted
heteroaryl, heterocyclic, substituted heterocyclic,
eycbaikoxy, substituted eycioalkoxy. heteroaryioxy,
substituted heteroaryloxy, he eroeyciy!oxy,
substituted heterocyclyioxy, oxycarbonySamino,
oxythiocarbonylamino, -S(0>> -alkyi, -S(O) -
substituted alky!, -S(Ob -cycloaikyl -S(O);
-substituted cycloalkyl -S(O): - aikenyk - S(O)
-substituted aikenyl -S O) -an-!, -S(O); -substituted
aryk -S(O): - heteroar>'k - -!4-S(O); -substituted
heteroaryl, -S(O)? -heterocyclic, -S(O); -substituted
heterocyclic, - OS(O) -aikyh -OS(O) 2 -substituted
alky I, -0S{0)> -aryi, -OS(O): - substituted aryl, -
OS(O) -heteroarvl -OS(O) -substituted heteroaryL
-OS(O) 2 - heterocyclic, -OS(O) -substituted
heterocyclic, -OSO -NRR, -NRS(O) 2 -akyi -NRS(O): -
substituted alkyl, -NRS(O) -aryl, -NRS(O) -substituted
aryl, -NRS(O) 2 -heteroaryL NRS(Oj -substituted
heteroaryS, -NRS(O) -heterocyclic, -NRS(O) -
substituted heterocyclic, -NRS(O) -NR-atkyL -NRS(O)
-NR-stibstituttx1 aikyL NRS(O) 2 -NR-aryi, -NRS(O) 2
-NR-substituled aryl, -NRS(O)2 -NR-heteroaryl, NRS(O)
-NR-subsiitu ied heieroarvL -NRS(O) -NR-heierocyclic.
-NSlS(O)2 -NRsubstituted heterocyclic, mono- and
di-aiky!amino, mono- and di-(substi aited a!ky!)amino,
mono- and di-arylamtno, mono- and di~(substituted
aryi)amino, monoand di-heieroarylamioo, mono- and di-f
substituted heteroa tyl)amino, mono- and \~
heterocyclic amino, mono- and di-(substkuted
heterocyclic) amino, unsymmetric disubstituted amines
having different substituents selected from the group
consisting of alky substituted aikyL aryl, substituted
aryl, heteroaryL substituted heteroaryl, heterocyclic
and substituted heterocyclic, amino groups on the
substituted aryl blocked by conventional blocking
groups and substituted with -SO2 NRR, where R is
hydrogen or aikyI . "Cycloalkyl" refers to cyclic
alkyl groups of from 3 to 8 carbon atoms having a
single cyclic ring including, by way of example,
cyclopropyL eydobuty I, eyeiopeniyh cycSooctyl and the
like. Excluded from this, definition are multi-ring
alky! groups such as adamantanyl. "Cycloaik enyi"
refers to cyclic alkenyl groups of from 3 to 8 carbon
atoms having single or multiple unsaturation but which
are not aromatic, "Substituted-cycloalkyP and
"substituted cyeloaikenyp refer to a cycloalkyi and
eycSoalkeny! groups, preferably offrom 3 to 8 carbon
atoms, having from I to 5 substituents selected from
the group consisting of oxo (~ O), thioxo ( S),
alkoxy, substituted alkoxy, acyi, acylamino,
thiocarbonylamino, acyloxy, amino, amidino,
aikyiamidino, tb ioamicli.no ami oacyl
aminocarbonyiamino, aminothiocarbonylamino, aminocarbo
pyloxy, aryl, substituted aryl aryloxy,substituted
aryloxy, aryloxyaryi, substituted aryloxyaryl,
halogen, hydroxy!, cyapo, nitro, carboxyl,
carboxylalkyi, earbx.yi~sub.stituted alky,
carboxyi-eycloalkyl, carboxyl-substttuled cycioalkyi,
carboxylaryi. carboxyi-substituted aryl
earboxylheteroaryl, carboxyi -substituted heteraaryl
carboxyiheferocyelic, carboxyi- 5 substituted
heterocyclic, cycloalkyi, substituted cycioalkyi
guanidino, 



guanidinsuifone, thiol, thioalkyl, substituted
thioaikyi, thioaryl, substituted thioaryl,
thioeycloalkyi, substituted thioeyclalkyl
thioheteroaryl substituted thioheteroaryl,
thiohetereycHc, substituted thioheterocyciic,
beteroaryi, substituted heteroaryl, heterocyclic,
substituted heterocyclic, cyclaalkoxy, substituted
cycioalkoxy. IO heteroaryioxy. substituted
heteroaryloxy, heterocyeiyloxy, substituted
heterocyclyloxy, oxycarbonyiamino,
oxythiocarbonylamino, -OS(O); -aikyl, -OS(Oh
-substituted alky!, -C)S(O) -aryl -OS(O) -substituted
aryl, -OSfO) - heteroaryl, -OS(O) -substituted
heteroaryl, -OS(O) -heterocyclic, -OSfp .b -
substituted heterocyclic, -OSO -NRR, -NRS(O);? -alkyl
-NRS(Ob -substituted alkyl, 15 -NRS(O): -aryl
-NRS(O).-! -substituted aryl -NRS(O) -heteroaryl,
-NRS(O): - substituted beteraryi. -NRS(O);
-heterocyclic, -NRSfO) -substituted heterocyclic, -
NRS(Ob -MR-aikyl. -NRS(O) -NR-sinstituted alkyl,
-NRS(O) -NR-aryl, -NRS{0.}> -NR-substituted aryi,
-NRS(O)? -NR-heteroaryi, -NRS(O)>-NR-substituted
heteroaryl, -NRS(O) -NR-heterocyclic, -NRS(O)
-NR-substituted heterocyclic, 0 mono- and
di-alkylanimo, mono- and di-(substi!.uted a!kyi)amino.
monoa pd diaryiamino, mono- and di-(&ubstituted
ary!)amino, mono- and di-heteroarylamino, mono- and
di-(substh uted heteroarj'l)amino, mono- and
di-heterocyclic amino, monoand di-(s"bstittited
heterocyclic) amino, unsynimetrie di-substituted
amines having different substituents selected from the
group consisting of alky i, substituted alkyl, 5 aryl
substituted aryl, het eroaryl substituted heteroaryl
heterocyclic and substituted heterocyclic, substituted
aikynyi groups having amino groups blocked by
eonventionai blocking groups (such as Boe, Cbz,
foptiyi, and the like) and alkynyl/substimted alkyuyl
groups substituted with -SO -alkyl, -SO? - substituted
alky!, -SO -alkenyl -SO; -substituted aikenyl -SOi
-cycioaikyl -SO -substituted 0 cycioalkyi -SO2 -aryl
-SO2 -substituted aryl, -SO2 -heteroaryl, -SO;
substitutedheteroaryl, -SO2 -heterocyclic, -SO?
-substituted heterocyclic or -SO2 "NRR, where R is
hydrogen or alky . "Cycloalkoxy" refers to
-O-cycloalkyl groups. "Substituted cycloalkoxy" refers
to -O-substUuted cycioalkyl groups. "Halo" refers to
fiuoro, chioro, brorao and iodo and preferably is
either chloro or bromo. "HeteroaryP refers to an
aromatic carbcycSk group of from 2 to 10 carbon atoms
and 1 to 4 heteroatonis selected from the groups
consisting of oxygen, nitrogen and sulfur within the
ring. Such heteroary! groups can have a single ring
(e.g.. pyridyl or fury!) or multiple condensed rings
{eg., indolizinyl or benzothienyl). Preferred
heteroaryjs include pyridyl, pyrroiyi, indoiyl and
furyi. "Substituted SieteroaryP refers to heteroary!
groups which are substituted with from I to 3
subslituents selected from the group consisting of
hydroxy, acyi, aeylamino, thiocarbonylamino, acyloxy.
alky!, substituted alkyl, alkoxy, substituted aikoxy,
akenyi, substituted alkenyi, alkynyl, substituted
akynyLamidi o, aikySamidino, thioamidino, amino,
aminoacy], aminocarbonyioxy. aminoearbonyiamin.
aminothiocarbonyiamino. aryl, substituted aryl,
aryioxy, substituted aryioxy, cyeloaikoxy,
.substituted cyeloalkoxy, heteroarytoxy, substituted
heteroaryioxy, heteroeycly oxy, substituted
beteroeyciyioxy, carboxyl, carboxylalkyi.
carboxyl-subsiivuted alky! carboxyl-cycloalky!.
carboxyl-substituted cycloalkyf. carboxylarv'i,
earboxyi-substttuted aryl, earboxylheteroaryi,
carbo5.y!-substituted heteroaryL earboxylheterocyclic,
carboxyl-substituted heterocyclic, carboxylamido,
cyano, thiol thioalkyl, substituted thioaikyl,
thioaryi, substituted thioaryl, thioheteroaiy],
substituted thioheteroaryK thiocycioalkyl, substituted
thiocycloalkyl, thioheterocyelic, substituted
thioheterocyclic, cycloalkyi, substituted cycloalkyl,
guanidino, guanklinosulfone, halo, nitro, heteroaryi,
substituted heteroaryl, heterocyclic, substituted
heterocyclic, cycloaikoxy, substituted cyeloalkoxy,
heteroaryloxy, substituted heteroaryloxy,
heterocyclyioxy, substituted heterocyclyloxy,
oxycarbony {amino, oxythiocarbonylaramo, -S(O):
-alkyl, -S(Ob - substituted aikyl. -S O) -eycioalkyi,
-S(O); -substituted cycloalkyi -S[O) - aikepyL -S(O);
-substituted aikenyl, -S(O);. -aryl -S(O) -substituted
aryl, -S(O) - heteroaryl, - S(O) : -substituted
heteroaryl -SfOh -heterocyclic, -S(0) 2 -substituted
heterocyclic, -OS(O); -alkyl, -OS(O) -substituted alky
I, -OS(O) -aryl, -OS(O) - substituted aryl, -OS(O).-;
-heteroaryi, -OS(Ob -substituted heteroaryl, -OS(O); -
heterocyclic, -OS(O) -substituted heterocyclic, -C)SO
-NRR, -NRS(Oi 2 -aikyS, -NRS(Oh -substituted alkyl,
-NRS(O) -aryl, -NRS(O) 2 -substituted aryl, -NRS(O) -
heteroaryi, -NRS(O) -substituted heteroaryl, -NRS(O)
-heterocyclic, -NRS(O); - substituted heterocyclic,
-NRS(O) -NR-alkyi, -NRS(O) -NR~substituted aSkyl, --
NRS(O) -NR-aryi -NRS(O) 2 -NR-sobsthuled aryl, -NRS(O)
2 -NR-heteraryl, - 



NRS(Ob -NR-subs iituted heteroaryl. -NRS(Ob
-NR-heierocycHc, -NRS(Oh -NRsubstUuted heterocyclic,
mono- and ci-a SkySam mo, mono- and di-(substituted
alky!)amino. mono- and di-arylamino, mono- and di-(s
ubsthuted aryi)ammo, monoand di-he ieroarylamino,
mono- and di-f substituted hete >aryl)amino, mono- and
'\~ heterocyclic amino, mono- arid di-(substituted
heterocyclic) amino, unsymmetric isubstituted amines
having different substituercts selected from the-
group consisting of alky!, substituted alkyl, aryl,
substituted aryl. heteroaryl, substituted heteroaryl
heterocyclic and substituted heterocyclic, amino
groups on the substituted aryl blocked by conventional
blocking groups (such as Boc, Cbz, farmyi, and the
like), and SO NRR, where R i hydrogen or aikyl,
"Heteroaryloxy" refers to the group -O-heteroaryi and
"substituted heter aarylojiy" refers to the group
-O-substit uted heteroaryf. "Heterocyele" or
''heterocyclic ' refers to a saturated or unsaturated
group having a ingle ring or multiple condensed rings,
containing from 1 to 10 carbon atoms and from 1 to 4
heteroatoms selected from the group consisting of
nitrogen, sulfur or oxygen within the ring. In fused
.ring systems, one or more o f the rings can be aryl
or heteroaryl, "'Substituted heterocyclic" refers to
heterocyeie groups which are substituted with from 1
to 3 substitoents selected from the g o p consisting
of oso (-0), thioxo (~S), alkoxy, substituted aSkoxy,
acyl, acylamino, thiocarbonyiamino, acyioxy, amino,
amidino, alkylamidino, thioamidino, arninoacyl,
aminocarbonylamino,aminolhlocarbonyiami o
ammoearbonyioxy. aryl. substituted aryi, aryioxy.
substituted aryioxy, aryloxyaryl, substituted
aryloxyaryl, halogen, hydroxy!, eyano, nitro, earboxyL
earboxylatkyl, carboxyl-sufastituted alky I,
carboxyi-cycloalkyl, earhoxyl-substitmed cyeloakyi,
carboxylaryl, earhoxyl-substituted aryl.
carhoxytheteroary), earboxyi-suhstituted heteroaryi.
carboxy Heterocyclic, carboxy!- substituted
heterocyclic, cycioalkyi. substituted cycloalkyi,
guanidino, guamdinosulfcme, thiol ihioalkyl.
substituted thioaikyl. thioaryl, substituted thioaryK
thioeydoalkyi, substituted thiocycloalkyi,
thioheteroaryl, substituted tliiohcteroary
tbiohetcrocyclic, substituted ihiohctcrocyciic.
heteroaryi, substituted heteroaryi, heterocyclic,
substituted heterocyclic, cyctoalkoxy, substituted
cycioalkoxy, hctcroaryloxy. substituted hetcraryloxy,
heterocydyi axy. substituted heterocyciyloxy,
oxycarbonyiamino, oxythiocarbony)an\ino, -OS{() }
-aikyl, OS O -substituted alkyi, -OS(O) -aryl, -OS(O)
-substituted aryl, ~OS(O)2-heieroaryL ~ OS(Oh
-substituted heteroaryi, -OS(Oh -heteroeycite.
-OS(Ob-substituted heterocyclic, -OSO;- - RR, -
RS(O):- -alky I, -NRS(O) -substituted aikyl, -NRS(O):
-aryl, -NRS(O); -substituted aryl -NRS(O) -heteroaryi,
-NRS(O) 2 -substituted heteraryL -NRS(Ob
-heterocyclic, -NRSfO) -substituted heterocyclic,
-NRS(Ob - NR-alkyl, -NRS(O* -NR-substituted alky],
-NRS(O);. -NR-alkyl, -NRS(O)-= -NRsubstitut ed aryl,
-NRS(O) -NR-heteroaryi -NRSfOh -NR-substituted
heteroaryi, - NRS(O); -Nk-heteracyclic, -NRS(O) 2
-NR-substituted heterocyclic, mono- and dialkyiamino,
mono- and di-(substituted alkyl)ammo. mono-and
di-aryiammo, monoand dt-( substituted aryl)araino,
mono- and di-heteroaryiamino, o o- and di-
(substituted heteraryi)amjjio, mono- and
di-heterocyciie mono- and di-(subsututed heterocyclic)
amino, unsymmetric di-.substftuted amines having
different substituents selected from the group
consisting o f aikyl, substituted aikyl, aryl,
substituted aryl, heteroaryi substituted heteroaryi,
heterocyclic and substituted heterocyclic, substituted
alkynyl groups having amino groups blocked by
conventional blocking groups and aikynyi/s bstinued
alkynyl groups substituted with -S0 ; -alkyl, -SO; -
substituted alky L -SO -alkeny!, -SO; -substituted
aikenyl, -SO; -cycioalkyi. -SO; - substituted
cycioalkyi, -SO2 -aryl, -SO2 -substituted aryl, -SO2
-heteroaryi, -SO;substituted heieroaryL -SO
-heterocyclic, -SO; -substituted heterocyclic or -SO2
NRR, where R is hydrogen or alkyi. Examples of
heteroeycles and heteroaryls include, but are not
limited to. azetidine, pyrrole, imidazole, pyrazole,
pyridine, pyrazine, pypmidme, pyridazine, 5 indoikin
e, isoindole, Indole, dihydroindole, indaxoie, purine,
cjuinofoine, isoquinoline, quinoline, phthalazine.
naphthylpyridine, quinoxali pe, quinazoime, einnoline,
pteridme, cartwoie. carboline, phenanthridine,
acridine, phenanthroline, isothiazole, phenazioe,
isoxazoie, phenoxazine, phenothia/ ie, imidazolidioe,
imidazoiine. piperidine, piperazine, indoline,
phthaiimide, !, 2, 3, 4- IO tetrahydroisoq uinoline, 4
5 6. 7-{etrahydrobenzo[b]{hiophene, thiazole,
thiazoiidine, thiopbenc, ber\zo[b]{hiophene,
moipholino, thiomorpboihi a, pipcridinyi, pyrrolidine,
tetrahydrofuranyl, and the like. "Heterocyclyloxy"
refers to the group -O-heierocydic, and "substituted
heterocyciyloxy" refers to the group -O-substituted
heterocyclic. 



15 The details of one or more implementations of the
invention are set forth in the description below.
Other features, 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 multisystem ADRs
involves MHC-restricted presentation of a drug or its
metabolites, which either directly bind to MHC
molecules or bind to endogenous proteins, and
activation of T cells (Svensson ct ai., Pharmacol.
Rev,. 53(3):357-379, 2000). SUn-hifiltrating
CTOtcytotoxic T ceils were (bund to be dominant in the
bullous reactions such as SJS/TEN 5 (Hiiri ct ai.,
Clin. Exp. Allergy, 3 J(9): 1398-1408, 2001 ), whereas
CD4+ helper T cells were characteristic of milder
cutaneous ADRs, such as maculopapuiar rash (Pichler et
a!.. Int. Arch. Ailergy Immunol, H 3( 1-3): 177-1 80,
1997). It was discovered that HLA-B* 1502. HLA-B*580l,
and Hl.A~B*4601 are respectively associated with
SJS/TKN induced by CBZ, with SJS/1'EN/HSS induced 30
by allopurinoL and with milder cutaneous ADRs (e.g.,
maculopapular rash, erythemamultiforme, urticaria, or
fi xed drug eruption) induced by CBZ. Thus, these
HLA-S alleles are useful genetic markers for
determining whether a patient i at risk for developing
ADRs (e.g., SJS, TEN, HSS, or milder cutaneous ADR )
induced by CBZ compounds, aSlopuritioi compounds, or
drugs otherwise having similar structures thereof.
CBZ, also known as Tegretol, Tegol, G-32883, Biston,
Calepsin, Carbatrl, Epitol, Finlepsin. Sirtal,
Stazepme, Teiesmin, or Timorsil, is an aromatic
anticonvulsant Other aromatic anticonvulsants,
including phenytoin (Dilantin) and phenobarhitaS,
cause similar ADRs as CBZ. Therefore, HLA-B* 1502 can
be employed to assess the risk for ADRs to these other
aromatic anticonvulsants a well. The aromatic
anticonvulsants for which HLA-B* 1502 can be used as a
risk factor also include compounds or metabolites of
CBZ, phenytoin or phenobarbital. Metabolites of these
drugs are known m the art (set , e.g., dermis et ah,
1991: Leeder, Epilepsia, 3 Suppl. 7:S8-16, 1 8
Naisbitt e ai., MoL Pharmacol., 63(3):732-74i, 2003.),
such as CBZ-IO, 1i epoxide, CBZ- 10, 11-dioL CBZ-
2,3-dioL dihydra CBZ, CBZ catechol and CBZ o-quinone,
p-hydroxy phenytoin, phenytoin dihydrodsol, phenytoin
catechol, phenytoin methyieatechoi. and phenytoin
o-quinone. Allopu pnol is a drug for hyperuricemia and
chronic gout. The present invention provides a method
of predicting whether a patient is at risk for
developing ADRs, particularly SJS, TEN, or HSS, based
on the presence of certain HLA alleles or their
equivalent genetic markers in that patient. I one
example, the presence of HLA-B*.! 502 in a patient
indicates that the patient is at risk for developing
SJS/TEN induced by CBZ compounds, compounds otherwise
structurally similar to CBZ, or metabolites thereof.
Tabic shows examples of compounds that can induce
SJS/TEN in an KLA-B*  302 carrier. Table 1. Drug
compounds associated with SJS in patients with KLA-B*
1502Sn another example, the presence of HLA-B*58OI in
a patient indicates that the patient i at risk for
SJS/TEN or HSS induced by aiopurinol compounds,
compounds otherwise structurally similar to
allopurinoK or metabolites thereof. Table Ushows
examples of compounds that can induce SJS/TEN or HSS
in patients carrying HS.A-B* 580 1.Tafaiell; Drug
compounds associated with SJS in patients carrying
MLA-B* 5801 In yet another example, toe presence of
HLA-B*460! in a patient indicates that the patient is
at risk for developing mild cutaneous ADRs, e.g.,
maculopapuiar rash, induced by CBZ. Other HLA-B
alleles can aiss be prcdisposUive for cutaneous ADRs.
For example, ankylosing spondylitis is strongly
associated with HLA-B27 alleles, such aB*2701~B*2723.
(Khan. Curr. Opin. Rheumatol., I2f4>:235-238, 2000;
Fekkamp et a!.. Curr. Opin. Rheumatol., I3(4):285~29O,
200! }. The presence of genetic marker (e.g.. a HLA
allele) can be determined by direct detection of that
marker or particular regions within it. Genomic DNAs
for allele detection can be prepared from a patient by
methods well known in the art, e.g., PURKGENE DNA
purification system from Centra Systems. Minnesota.
Detection of a region within a genetic marker of
interest includes examining the nucleotides) located
at either the sense or the anti-sense strand within
that region. Methods known in the an can e used to
detect a particular region, e.g., Sequence specific
oligonucieo des-hybridization , Real-time PCR. or
CSSO-ELlSA (M. Hiratsuka et a!, J. of Biochemical and
Biophysic. Methods. 67:87-94, 2006). The presence of
HLA-B* 1502 can be determined by detecting at least
two of Regions 1-6 shown in Fig. 1. 1 he presence of
th e regions can be determined by detecting
nucleotides t certain positions within these regions,
e.g., positions I and 3 in Region L positions ! and 6
in Region 2. and positions I and 3 in Region 3. 



Presence of any two of Regions 1-6 indicates that the
patient is an HLA-B* i502 earner. The presence of
HLA-B*580  can be determined by detecting at least two
of Regions 1-6 shown hi Fig. 2 The presence of these
regions can be determined by detecting the nucleotides
at certain positions within these regions, e.g.,
positions 1. 2 and 5 in Region 1, positions i , 4 6.
7, 8, 15 16, a k! 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 5, and positions 3 and 10
in Region 6. Presence of any two of Regions i-6
indicates that the patient is an Hl.A-B*5801 carrier
The DNA products obtained from PCR can be detected
using sequencespecific probes, e.g., hydrolysis probes
from TaqMan, Beacons, Scorpions: or hybridization
probes These probes are designed such that they bind
to the regions of interest e.g.. Regions 1-6 of HLL-B*
1502 or Regions i-6 of HLL-B*5801 The PCR products
also can be detected by DMA-binding agents, e.g., SYBR
Green.The presence of an allele of interest also can
be determined by detecting genetic markers equivalent
to the allele. Genetic markers near the allele of
interest tend to co-segregate, or show a linkage
disequilibri um with the allele. Consequently,. the
presence of these markers (equivalent genetic markers)
indicative of the presence of the allele of interest,
which, in turn, is indicative of a risk for ADR
development. Exemplary genetic markers equivalent to
HLA-B* 1502 include DRB 1*1202, CV080 1 Cw*0806, A*I
i0 1 and MICA*0 1 . Exemplary markers equivalent to
HLA-B*58Q1 include .4*3303, Cw*03G2, DRBPO3O5 , and
MICA*0020I. An equivalent genetic marker can be of any
type, e.g., an HLA allele a mierosatelSite marker, or
a single nucleotide polymorphism (SNP) marker, A
useful equivalent genetic marker is normally about 200
kb or less {e.g., 100 kb, 80 kb, 6 kb, 40 kb, or 20
Rb) from the allele of interest. Methods described
above or known in the art can be used to detect the
presence or absence of an equivalent genetic marker.
Alternatively or in addition, RNAs, eDNAs, r protein
products of alleles of interest can be detected to
determine the presence or absence of the allele. For
example, serofyping or rmcroeytotxity methods can be
used to determine the protein product of an HLA
allele. To further increase the accuracy of risk
prediction, the allele of interest and/or its
equivalent genetic marker can be determined along with
the genetic markers of accessory molecules am!
co-stimulatory molecules which are involved in the
interaction between antigen-presenting cells and
T-cells. These genetic markers include mierasateil e
and single nucleotide polymorphism (SNP) markers. The
accessory and co-stimulatory molecules include eel!
surface molecules (e.g., CD80, CD86, CD28, CD4, CD8, T
cell receptor (TCR), ICAM- I, CDi Ia CD58, CD2, etc.)
and inflammatory or pro-inflammatory cytokines,
cherpokines (e g , TNF-u), and mediators (e .,
complements, apoptosis proteins, enzymes,
extracellular matrix components, etc). Also of
interest are genetic markers of drug metabolizing
enzymes which are involved in the bioactivation or
detoxification of drugs. These genetic markers also
include microsatel te and SNP markers. The drug
metabolizing _:enzymes include phase i enzymes (e.g.,
cytochrome P450 superfamiiy etc.) and phase 1 1
enzymes { g. microsomal epoxide hydrolase, arylamipe
N-acetyltransferase, UOPglucuro posyl-transferase,
etc.). The present invention further provides a method
for pbarmacogenomic profiling. A pane) of genetic
factors is determined for a given individual, and each
genetic factor i associated with the predisposition
for a disease or medical condition, including ADRs. In
the present method, the pane! of genetic factors
includes at least one a lek selected from the group
consisting of HLA-B* !502, HLA-B*580i and HLA-B*401.
The panel can include two alleles or ail three alleles
from the group. in addition to HLA-B* 1502 580 1and/or
4601 , the panel can include any other known genetic
factors, such as thiopurioe rnethyltransferase and
genes for the long- QT syndrome. The genetic markers
for accessory molecules, co-stimulatory molecules
and/or drug metabolizing enzymes described above can
also be included. Also within the scope of the
invention is a kit containing probes for detecting
genetic markers, e.g., KLA-B* 1502, 1 1LA-B*580 1 or
HLA-B*46G 1. The term "probe' used herein refers to
any substance useful for detecting another substance.
Thus, a probe can be an oligonucleotide or conjugated
oligonucleotide that specifically hybridizes to a
particular region within an allele of interest. The
conjugated oligonucleotide refers Io an
oligonucleotide covalently bound to chromophore or a
molecules containing a ligand (e.g., an antigen),
which is highly 



specific to a receptor molecular {e.g., an antibody
specific to the antigen). The probe can also be a 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
a allele of interest or a protein product of the
allele. Optionally, the kit can contain a probe that
targets an interna! control allele, which can be any
allele presented in the general population, e.g.
GAPD(J, b-aetin. KlR. 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, cIJNAs, RNAs
or proteins from the samples. For example. PCR primers
for amplifying the relevantregions of the genomic DNA
may be included. The kit can also contain probes for
genetic factors useful in pharmacogenomic profiling,
e.g.. thipurine methyltransferase. In one example, the
kit contains a first probe and a second probe, each
for detecting a region selected from Regions 1-6 of
HLA-B* 1502 or from Regions I-6 of Hl.A~B*580l . The
first and second probes target different regions.
These two probes can be a pair of PCR primers, or
labeled oligonucleotides useful in hybridization
assays. Optionally, the kit c include a third probe
for detecting an internal control allele. It can also
include additional probes for detecting additional
regions within HLA-B* 1502 or HLA-B*580 1. In yet
another aspect, this invention provides a method of
identifying a drug compound that induces art ADR
(e.g., SJS/TEN or IiSS) in a patient carrying an HLA
allele associated with the ADR (e.g., HLA-B* 1502.
HLA-B*580i or HLA-B*4601). It is suggested that drugs
can be presentee! by certain HLA complexes to activate
T lymphocytes, consequently inducing ADRs. T cells
reactive to these drugs are suggested to be involved
in the development of ADRs induced by these drug*;.
Thus, compounds that can activate these T cells are
candidates for inducing ADRs in a patient carrying one
or more HLA alleles associated with these ADRs. As a
result, this method can be u e a a screening method in
new drug development to find out drug compounds thai
could induce such ADRs. Genotyping can be performed on
an ADR patient to determine whether the patient
carries an 1 1LA allele associated with the disease. T
lymphocytes and antigenpresenting cells (e.g., 8 cells
or monocytes) can be isolated from the patient and
cultured in vitro following methods well known in the
art. (Naisbitt DJ, MoI Pharmacol. 2003 Mar;63{3
):732-41 ,Wu et al, J Allergy Clin Immunol. 2006 JuI:
118{ 0:233-4 1. E-published on 2006 Apr 27), B cells
so isolated can be transformed by Fpsiei p-Bar virus
to generate B ceil 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 a test compound in the
presence of autologous antigen-presenting cells to
determine whether the test compound canactivate the T
cells. If so, the test compound is a candidate that
can induce the ADR in a patient carrying the same HLA
allele. Without further elaboration, it. is beiieved
that the above description has adequately enabled the
present invention. The following examples are,
therefore, to be construed as merely illustrative, and
not limitative of the remainder of the disclosure in
any way whatsoever. All of the publications cited
herein are hereby incorporated by reference in their
entirety. EXAMPLE 1. Detection of HLA-B* 1502 and
Ht..A-B*5801 Using Real-Time PCR Genomic DNAs were
extracted from a patient ' s blood or saliva. Three
pairs of PCR primers each targeting Regions ! and 5,
Regions 1 and 4 or Regions I, 3 and 4 of HLA-B* 1502
(see Fig, 1) were synthesized. In addition, one pair
of primers targeting Regions 2 and 4 of HLA-B*58(M
(see Fig, 2) were synthesized. The targeted regions
were amplified and detected using SYBR* Green
Real-Time PCR system (Applied Biosystem). Briefly, the
primers, the genomic DNAs, and the Power 5YBR Green
PCR master mixture (included in the real-time PCR
system) were mixed together and the PCR was carried
out by; (i) activating polymerase at 5e C for K)
minutes, (H) denaturing at 95 C for 35 seconds and
annealing/elongating DNA chains at 71" C for 1 minute,
(iii) conducting 40 cycles of denaturing/anneal
ing/eiongaiing, and (iv) disassociating the amplified
product from its template a 951-' C for 5 seconds,,
and 60 C for 1 minute. PCR amplification of a
kilier-celi irnumogiob ulio-like receptor (KiR) was
applied as an internal control The presence or absence
of HLA-B* 1502 or HLA-B*5801 in a patient was
determined based on the C value of HLA-B* 1502 or
HLA-B*580I and the difference ofCt values ( Q value)
between HLA-B* J502/HLA-B*5801 and KiR. The Ct value
(threshold cycle) is determined by identifying the
cycle number at which the reporter 



dye emission intensity is above background noise. 'Hie
threshold cycle is determined at the most exponential
phase of the reaction and is more reliable than
end-point measurements of accumulated PCR products
used by traditional PCR. methods. Thethreshold cycle
is inversely proportional to the copy number of the
target template, the greater the template number, the
lower the threshold cycle measured. S70 genomic DNA
samples extracted from human B cell lines and 33
genomic fJNA samples prepared from human blood or
saliva were tested for detecting the presence of
HLA-B* 1502 following the method described above. The
Ct values of HLA-B* 1502 and KfR were in the range of
23-27 and 19-25, respectively. The HLA-S*! 502 were
recognized as positive when the range of ACt between
HLAB* 1502 and KIR was smaller than ? . in these !70
aupercontrol, i5 gDNA with HLA-B* 1502 were present
and were verified by Dynai SSO kits, and the results
indicate that both the sensitivity and specificity of
this method reach >Y)% J70 genomic DNA samples
extracted from human B cell lines and 87 genomic DMA
samples prepared from human blood or saliva were
tested for detecting the presence of HLL~B*58 !
following the method described above. For D L samples
derived from MLL~R*580l positive patients, the Ct
values of HLL-B*5S0 ! and KfR were in the range of
22-28 and 10-26, respectively . The HLA-B*5S0i were
recognized as positive when the range of ACt between
HLA-B*58  ! and KlR was smaller than 7, For DNA
samples derived from HLA-B*5S01 negative patients, the
Ct value of HLA-8*5801 was about 34 and the LCi was
greater than f3. In all the samples. 5 ! gDNA were
found HLA-B*580i positive and were verified by Dynai
SSO kits. These results indicate that both the
sensitivity and specificity reached EXAMPLE 2
Detection of HLA-B* 1502 and HLA-B*58QI Using
CSSO-EfJSA The procedures for carrying out CSSO-ELISA
are outlined in Fig. 3. In general, using genomic
I)NAs as templates. PCRs were conducted to produce
products which contain the specific regions shown in
Figure 1 or Figure 2. Either the Forward primer or the
Reversed Primer was labeled with a Ligand 1(IJ)- which
was recognizable by the Molecular 1linked with an
enzyme { e.g. HRP) The PCR reactions were designed n
conducted to produce the products containing one or
more specific regions, i.e., Regions 1-6 of MLA-B*
1502 or Regions 1-6 of HLAB*5801. Two competitive
sequence specific oligonucleotides (CSSOi and CSS02)
were designed, CSSOS specifically recognizes one of
Regions 1-6 o f MLA-B* S502 or Regions f-6 of
HLA-B*5801, and CSS02 was designed to prime to (he
common type o f HLA-B* !5 (i.e. non-B* 1502 alleles or
non-B*-5801 . The CSSOJ was labeled with Ligand 2,
which is recognizable by Molecular Il coated onto a
reaction platcor strip. The PCR products thus obtained
were hybridized with the two CSSOs on the reaction
plate or a strip . After washing away any free
molecule, substrate of the enzyme was added to the
reaction plate. The enzymatic reaction, signaled by
the presence of a color, is indicative o f the
presence of SlLA-B* i502 or HLA~8*58Q! . BXA MS J - 3.
Correlation Between CBZ-induced SJS/TEN and HLA-B*
1502 A total of 238 ADR. patients (Mongoloids or
Mongoloid dependents) were recruited either from Chang
Gu g Memorial Hospital or from several other medical
centers throughout Taiwan for this study. Their
drug-taking history including dosage and duration, and
the phenoiypes of ADRs were recorded. The diagnostic
criteria o f clinical morphology were defined
according to Roujeau, J . invest Dermatol.,
K)2{6):28S-30S, 1994. For example, SJS was defined as
skin detachment o f less than 10% of body-surface
area, overlap SJS-TEN as skin detachment o f 10-30%,
and TEN a greater than 30%. SJS, overlap S.1S-TEN and
TEN are collectively referred to as SJS/TEN. For each
patient, the suspected drug was withdrawn and the
patient observed for symptoms. Patients who developed
a cutaneous ADR that did not subside upon withdrawal
of the drug were excluded. According to the criteria
described above, 12 patients were diagnosed with
SJS/TEN and 126 patients had a ra der hypersensitivity
reaction to various drugs. Among the 11 SJS/TBN
patients, 42 were exposed to CBZ (tegretol), 17 had
taken allop-iri pol, and 53 were under medications
other than CBZ and aliopurinol. 73 tegretol-tolerant
patients were included as controls, Volunteers from
the genera! population of Taiwanese (n 94; age range;
20 to 80 years) were also recruited. The study was
approved by the institutional review board, and
informedconsent was obtained AH of these patients were
subjected to gcnotyping. Briefly, reagents for
performing a reverse line blot assay using
sequence-specific oligonucleotide (SSO) were purchased
from DYNAL Biotech Ltd. {Bromborough, UfO. PCR
products were 5 generated using biotipyfated primers
fur th second and {he third elops of th HLA class I or
class I f loci, and then hybridized to a line blot of
SSO of probes 



immobilized on a nylon membrane. The presence of
biotinyiated PCR product bound to a specific probe is
detected using streptavidin-horseradish peroxidase
UiRP) and a chromogcnic. soluble substrate to produce
a blue l ine a the position of the positive IO probe.
The probe reactivity pattern was interpreted by the
genotyping software Dynal RELI(tm) SSO (DYNAL Biotech
Ltd.; Bromborough, UK). Potential ambiguities were
further resolved by sequence-based typing and DNA
sequencing performed according o \h IHWG Technical
Manual (International Histocompatibility Working
Group), see Genomic Analysis of the Human MHC DNABased
Typing for HLA Alleles and i5 Linked Polymorphisms.
Marcel GJ. TiIanus. Editor in Chief. ISBN No. O-
-45278- 02-0 To o e patients. SNP genotyping was
performed using high throughput MALDl-TOF mass
spectrometry. Briefly, primers and probes were
designed using the SpectroDESlGNLR software (Sequenom,
San Diego, CA, USL) . Multiplex 0 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 purified primer
extension reaction was spotted onto a 384-element
silicon chip (SpectroCHIF, Sequenora), analyzed using
a Brisker Bitlex 111 MALDi-TOF SpeetroREADER mass
spectrometer 5 iSequenom} and spectra processed with
SpectroT YPLR {Sequenom}. Allele frequencies in the
different groups were compared by the Chi-square
method with Yates correction by constructing 2x2
tables. P values re corrected for comparisons of
multiple HLA alleles (Pc) by multiplying me raw P
values by the observed number ofl-ILA alleles present
within the loci. Odds ratios were calculatedwith
Haldane's modification, which adds 0 5 to ail ceils to
accommodate possible zero counts. As shown in Tabic 1,
a DNA variant allele in the HLA-B locus (HLAB* 1502)
was associated in patients with drug-induced SJS/TBN.
particularly in patients receiving CBZ (lcgretol).
HLA-B* 1502 was detected i 42 of 42 (100%) SJS/TEN
patients who received CBZ. The allele was also found
in 17 of 53 (32%) SJS/TEN patients who received other
drugs (8 phenytoin, 2 albpurinol, 2 amoxicillin, 1
sulfasalazine, 1 keioprofen, I Ibuprofen, and 2
unknown drugs). Particularly, 8 of 17 patients
(47.05%) who developed SJS/TEN after taking phenytoin
also carried the HLAB* 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 ihe phenytoirHolenmt
group, 6.3% (9/142) of the patients who had milder
ADRs other than SJS. and 5.3% (5/94) of the general
population, By using the tolerant group as a control,
the odds ratio, sensitivity, specificity, positive
predictive value, and negative predictive value for B*
1502 associated CBZ-induced SJS/TEN, were 1712, 100%,
95.89%, 96.0%, and 100%, respectively. With such a
high predictive value and sensit ivity typing of this
HLA-Ba iele can be used in identifying high-risk
patients for drug-induced SJSZTEN, particularly CBZ or
phcpytoin induced SJS/TEN. The mild ADRs induced by
CBZ was found o be associated with another allele,
Hl.L-B*460  . 10 out of 16 (62 5%) of the patients
with these milder reactions to CBZ had HLA-B*460l . In
contrast, the alkie was only found in 26% {!9/73) of
he CBZ-tolerant group. The od ratio for 6*4601
associated CBZ-indueed milder cutaneous ADRs a 4.73,
Consequently, HLA-B*46Gl can be used in the risk
assessment for mild cutaneous ADR induced by
CBZ.FREQUENCY HOPPING OF PILOT TONES CLAIM OF PRIORITY
UNDER 35 U.S.C. 119 [001] The present Application for
Patent claims priority to Provisional Application No.
60/800,677 entitled "Frequency Hopping of Pilot Tones
in a MIMO/OFDM System" filed May 15, 2006, assigned to
the assignee hereof and hereby expressly incorporated
by reference herein. BACKGROUND I. Field [002] This
disclosure relates to the field of multiplexed
communications, and more particularly to systems and
methods for improving the performance of
multiple-input multiple-output ("MIMO") systems by
varying the frequency of MIMO pilot tones. II.
Background [003] The IEEE 802.1 In standard for
wireless communications, expected to be finalized in
mid-2007, incorporates multiple-input multiple-output
(MIMO) multiplexing into the orthogonal
frequency-division multiplexing (OFDM) technology
adopted by previous versions of the 802.1 1 standard.
MIMO systems have the advantage of considerably
enhanced throughput and/or increased reliability
compared to non-multiplexed systems. 



[004] Rather than sending a single serialized data
stream from a single transmitting antenna to a single
receiving antenna, a MIMO system divides the data
stream into multiple unique streams which are
modulated and transmitted in parallel at the same time
in the same frequency channel, each stream transmitted
by its own spatially separated antenna chain. At the
receiving end, one or more MIMO receiver antenna
chains receives a linear combination of the multiple
transmitted data streams, determined by the multiple
paths that can be taken by each separate transmission.
The data streams are then separated for processing, as
described in more detail below. [005] In general, a
MIMO system employs multiple transmit antennas and
multiple receive antennas for data transmission. A
MIMO channel formed by the NT transmitand NR receive
antennas may be decomposed into Ns eigenmodes
corresponding to independent virtual channels, where N
mm{NT, NR} . [006] In a wireless communication system,
data to be transmitted is first modulated onto a radio
frequency (RF) carrier signal to generate an RF
modulated signal that is more suitable for
transmission over a wireless channel. For a MIMO
system, up to NT RF modulated signals may be generated
and transmitted simultaneously from the NT transmit
antennas. The transmitted RF modulated signals may
reach the NR receive antennas via a number of
propagation paths in the wireless channel. The
relationship of the received signals to the
transmitted signals may be described as follows: SR =
HSt + n Eq. (1) where SR is a complex vector of NR
components corresponding to the signals received at
each of the NR receive antennas; ST is a complex
vector of NT components corresponding to the signals
transmitted at each of the NT transmit antennas; H is
a NR X NT matrix whose components represent the
complex coefficients that describe the amplitude of
the signal from each transmitting antenna received at
each receiving antenna; and n is a vector representing
the noise received at each receiving antenna. [007]
The characteristics of the propagation paths typically
vary over time due to a number of factors such as, for
example, fading, multipath, and external interference.
Consequently, the transmitted RF modulated signals may
experience different channel conditions (e.g.,
different fading and multipath effects) and may be
associated with different complex gains and
signal-to-noise ratios (SNRs). In equation (1), these
characteristics are encoded in matrix H. [008] To
achieve high performance, it is often necessary to
characterize the response of the wireless channel. The
response of the channel may be described by parameters
such as spectral noise, signal-to-noise ratio, bit
rate, or other performance parameters. The transmitter
may need to know the channel response, for example, in
order to perform spatial processing for data
transmission to the receiver as described below.
Similarly, the receiver may need to know the channel
response to perform spatial processing on the received
signals to recover the transmitted data. [009] In many
wireless communication systems, one or more reference
signals, known as pilot tones, are transmitted by the
transmitter to assist the receiver in performing a
number of functions. The receiver may use the pilot
tones for estimating channel response, as well as for
other functions including timing and
frequencyacquisition, data demodulation, and others.
In general, one or more pilot tones are transmitted
with parameters that are known to the receiver. By
comparing the amplitude and phase of the received
pilot tone to the known transmission parameters of the
pilot tone, the receiving processor can compute
channel parameters, allowing it to compensate for
noise and errors in the transmitted data stream. Use
of pilot tones is discussed further in United States
Patent No. 6,928,062, titled "Uplink pilot and
signaling transmission in wireless communication
systems," the contents of which are incorporated
herein by reference. SUMMARY [0010] In one embodiment,
a method is provided for incrementing a subband of a
pilot tone in a communication system, the method
comprising receiving an indicator and incrementing the
subband of the pilot tone in response to receipt of
the indicator. In another embodiment, incrementing the
subband of the pilot tone includes incrementing the
subband by a predetermined interval. In still another
embodiment, the communication system includes a
transmitter and a receiver and the indicator is
received by the transmitter from the receiver. [0011]
In a further embodiment, a method is provided for
transmitting multiple data units wherein each of the
multiple data units includes a pilot tone, the method
comprising transmitting a first data unit, the pilot
tone of which is associated with a first subband, and
transmitting a subsequent data unit, wherein the pilot
tone of the subsequent data unit is associated with an
incremented subband. In still another embodiment, the
incremented subband of the subsequent data unit is the
subband of the 



first data unit, incremented by a predetermined
interval. In still another embodiment, the method
further comprises successively transmitting further
subsequent data units, wherein the pilot tone of each
further subsequent data unit is associated with a
further incremented subband. In still another
embodiment, the further incremented subband of each
further subsequent data unit is the subband associated
with a previously transmitted data unit, incremented
by a predetermined interval. In still another
embodiment, multiple data units are transmitted via a
wireless MIMO/OFDM system. [0012] In a further
embodiment, a method is provided for transmitting
multiple data units, each data unit including a pilot
tone, the method comprising transmitting a first data
unit, the pilot tone of which is assigned to a first
subband, determining whether apilot-hopping condition
is met, and transmitting a subsequent data unit,
wherein if the pilot-hopping condition is not met, the
pilot tone of the subsequent data unit is associated
with the first subband, and if the pilot-hopping
condition is met, the pilot tone of the subsequent
data unit is associated with an incremented subband.
In still another embodiment, the incremented subband
is the subband of the pilot tone of the previous data
unit, incremented by a predetermined interval. In
still another embodiment, determining whether the
pilot-hopping condition is met further comprises
determining a channel parameter. In still another
embodiment, determining whether the pilot-hopping
condition is met further comprises determining whether
the channel parameter meets a threshold condition. In
a further embodiment, each of the multiple data units
further comprises a sequence identifier. In still
another embodiment, determining whether the
pilot-hopping condition is met further comprises
receiving an indicator from a receiver. [0013] In a
further embodiment, an apparatus configured to
transmit multiple data units is presented, the
apparatus comprising an output adapted to be coupled
to at least one antenna and a transmitter unit coupled
to the output and operable to generate data units to
be sequentially provided to the output, wherein each
of the data units includes a pilot tone and wherein
the transmitter unit is further operable to assign the
pilot tone of the first data unit to a first subband
and to assign the pilot tone of each subsequent data
unit to an incremented subband. In still another
embodiment, the incremented subband of each subsequent
data unit is the subband of a previous data unit
incremented by a fixed interval. In a further
embodiment, each of the multiple data units further
comprises a sequence identifier. In still another
embodiment, each of the multiple data units is a data
packet. In still another embodiment, each of the
multiple data units is a burst. In still another
embodiment, each of the multiple data units is a
protocol data unit. [0014] In a further embodiment, an
apparatus configured to transmit multiple data units
is presented, the apparatus comprising at least one
output adapted to be coupled to at least one antenna
and a transmitter unit coupled to the output and
operable to generate data units to be sequentially
provided to the output, each of the data units
including a pilot tone, wherein the transmitter unit
is further operable to assign the pilot tone of the
first data unit to a first subband, determine whether
a pilot-hopping condition is met, and, if the
pilot-hopping condition is met, assign the pilot tone
of each subsequent datato an incremented subband. In
still another embodiment, the incremented subband of
each subsequent data unit is the subband of a previous
data unit, incremented by a predetermined interval. In
still another embodiment, the transmitter unit is
operable to assign the pilot tone of each subsequent
data unit to the first subband if the pilothopping
condition is not met. In still another embodiment, the
transmitter unit is further operable to determine a
channel parameter. In still another embodiment, the
transmitter unit is further operable to determine
whether the channel parameter meets a threshold
condition. [0015] In a further embodiment, an
apparatus configured to process a received data unit
is presented, wherein the received data unit
comprising a sequence identifier and a pilot tone
assigned to a subband, the apparatus comprising at
least one input adapted to be coupled to at least one
antenna and a receiver unit coupled to the input, the
receiver unit configured to receive the data unit from
the input, determine the sequence identifier of the
data unit, and determine the subband assigned to the
pilot tone of the received data unit based upon the
sequence identifier of the data unit. In still another
embodiment, the receiver unit is further configured to
determine the subband assigned to the pilot tone of
the received unit by incrementing the subband assigned
to a previously received data unit. In still another
embodiment, the subband assigned to the previously
received data unit is incremented by an interval that
is based upon the sequence identifier of the data
unit. [0016] In a further embodiment, an apparatus
configured to select a subband to be assigned to a
pilot tone is presented, the apparatus comprising
means for determining a 



channel parameter and means for selecting the subband
to be assigned to a pilot tone based upon the channel
parameter and a subband previously assigned to the
pilot tone. In still another embodiment, the apparatus
further comprises means for determining whether the
channel parameter satisfies a threshold condition, and
means for incrementing the subband previously assigned
to the pilot tone by a predetermined interval and
selecting the incremented subband as the subband to be
assigned to the pilot tone, if the channel parameter
fails the threshold condition. In still another
embodiment, the channel parameter is a signal-to-noise
ratio. In still another embodiment, the channel
parameter is a bit-error-rate. [0017] In a further
embodiment, a machine-readable medium carrying
instructions for carrying out a method by one or more
processors is described, the instructionscomprising
instructions for determining a channel parameter and
instructions for selecting the subband to be assigned
to the pilot tone based upon the channel parameter and
a subband previously assigned to the pilot tone.
[0018] In a further embodiment, an apparatus
configured to transmit multiple data units is
presented, wherein each of the multiple data units
includes a pilot tone, the apparatus comprising means
for transmitting a first data unit, the pilot tone of
the first data unit being assigned to a first subband,
means for determining whether a pilothopping condition
is met, and means for transmitting a subsequent data
unit, wherein if the pilot-hopping condition is not
met, the pilot tone of the subsequent data unit is
associated with the first subband, and, if the
pilot-hopping condition is met, the pilot tone of the
subsequent unit is associated with an incremented
subband. In still another embodiment, the incremented
subband is the subband of the previous data unit,
incremented by a predetermined interval. In still
another embodiment, the means for determining whether
a pilot-hopping condition is met further comprises
means for determining a channel parameter. In still
another embodiment, the means for determining whether
a pilot-hopping condition is met further comprises
means for determining whether the channel parameter
meets a threshold condition. In still another
embodiment, the means for determining whether a
pilot-hopping condition is met further comprises means
for receiving an indicator from a receiver. [0019] In
a further embodiment, a machine-readable medium
carrying instructions for carrying out a method by one
or more processors is presented, the instructions
comprising instructions for transmitting a first data
unit including a pilot tone assigned to a first
subband, instructions for determining whether a
pilot-hopping condition is met, and instructions for
transmitting a subsequent data unit including a second
pilot tone, wherein if the pilot-hopping condition is
not met, the second pilot tone is associated with the
first subband, and, if the pilot-hopping condition is
met, the second pilot tone is associated with an
incremented subband. [0020] In a further embodiment,
an apparatus configured to process a received data
unit is presented, the received data unit comprising a
sequence identifier and a pilot tone associated with a
subband, the apparatus comprising means for
determining the sequence identifier of the data unit
and means for determining the subband associated with
the pilot tone of the received data unit based upon
the sequence identifier of the data unit. In still
another embodiment, the means for determining the
subband assignedto the pilot tone of the received data
unit further comprises means for incrementing by an
interval the subband associated with a previously
received data unit, wherein the interval is based upon
the sequence identifier of the data unit. In still
another embodiment, a machine-readable medium carrying
instructions for carrying out a method is presented,
the instructions comprising instructions for
determining the sequence identifier of the data unit,
and instructions for determining the subband
associated with the pilot tone of the received data
unit based upon the sequence identifier of the data
unit. BRIEF DESCRIPTION OF THE DRAWINGS [0021]
Exemplary embodiments of systems and methods according
to the present disclosure will be understood with
reference to the accompanying drawings, which are not
intended to be drawn to scale. In the drawings, each
identical or nearly identical component that is
illustrated in various figures is represented by a
like designator. For purposes of clarity, not every
component may be labeled in every drawing. In the
drawings: [0022] The features and nature of the
present disclosure will become more apparent from the
detailed description set forth below when taken in
conjunction with the drawings in which like reference
characters identify correspondingly throughout. [0023]
FIG. 1 is a schematic diagram of a wireless network.
[0024] FIG. 2 is a block diagram of a transmitting
station and a receiving station. [0025] FIG. 3 is a
schematic representation of pilot tone hopping over
subbands. 



[0026] FIG. 4 is a schematic representation of an
embodiment of an apparatus for selecting a subband for
a pilot tone. [0027] FIG. 5 is a schematic
representation of an embodiment of an apparatus for
transmitting data units that include pilot tones.
[0028] FIG. 6A is a schematic representation of an
embodiment of an apparatus for evaluating whether a
pilot-hopping condition exists. [0029] FIG. 6B is a
schematic representation of another embodiment of an
apparatus for evaluating whether a pilot-hopping
condition exists. [0030] FIG. 7 is a schematic
representation of an embodiment of an apparatus for
determining the subband assigned to a pilot tone of a
received data unit.DETAILED DESCRIPTION [0031] The
word "exemplary" is used herein to mean "serving as an
example, instance, or illustration." Any embodiment or
design described herein as "exemplary" is not
necessarily to be construed as preferred or
advantageous over other embodiments or designs. [0032]
The effectiveness of pilot tones is limited by noise
and interference. These can degrade the reference
function of the pilot tones by introducing spurious
components into the amplitude and phase of the
received pilot tones. To preserve the integrity of the
pilot tones against noise and interference, a
technique for incremental frequency hopping of pilot
tones is described. Using the method of the disclosure
in an OFDM/MIMO system, pilot tones can be hopped over
the frequency band if noise or interference from other
systems starts to degrade the system performance.
[0033] FIG. 1 shows an exemplary wireless network 100
with an access point 110 and one or more user
terminals 120. Access point 110 is generally a fixed
station that communicates with the user terminals,
such as a base station or a base transceiver subsystem
(BTS). The user terminals 120 may be fixed or mobile
stations (STA), wireless devices, or any other user
equipment (UE). The user terminals 120 may communicate
with the access point 110. Alternatively, a user
terminal 120 may also communicate peer-to-peer with
another user terminal 120. In an exemplary embodiment,
access point 110 is a wireless network hub and the
user terminals 120 are one or more computers equipped
with wireless network adapters. In an alternative
exemplary embodiment, access point 110 is a cellular
communication station and user terminals 120 are one
or more cellular telephones, pagers, or other
communication devices. Persons skilled in the art will
recognize other systems that can be represented
generally as illustrated in FIG. 1. [0034] The access
point 110 may be equipped with a single antenna 112 or
multiple antennas 112 for data transmission and
reception. Similarly, each user terminal 120 may also
be equipped with a single antenna 112 or multiple
antennas 112 for data transmission and reception. In
the exemplary embodiment illustrated in FIG. 1, access
point 110 is equipped with multiple (e.g., two or
four) antennas 112, user terminals 120a and 12Od are
each equipped with a single antenna 112, and user
terminals 120b and 120c are each equipped with
multiple antennas 112. In general any number of
antennas 112 may be used; it is not necessary that the
user terminals 120 have the same numberof antennas 112
as one another or that they have the same number of
antennas 112 as the access point 110. [0035] Each of
the user terminals 120 and access point 110 in
wireless network 100 includes either a transmitting
station, a receiving station, or both. FIG. 2
illustrates a block diagram of An exemplary
transmitting station 210 and an exemplary receiving
station 250. In the embodiment illustrated in FIG. 2,
transmitting station 210 is equipped with a single
antenna 234, and receiving station 250 is equipped
with multiple (e.g., NR = 2 ) antennas 252a-r. In
general, both transmitting station 210 and receiving
station 250 may have multiple antennas; in MIMO
systems the transmitting station 210 and receiving
station 250 typically both have multiple antennas.
[0036] Referring again to FIG. 2, at transmitting
station 210, a source encoder 220 encodes raw data
such as voice data, video data, or any other data that
may be transmitted over a wireless network. The
encoding is typically based on any of a wide variety
of source encoding schemes known in the art, such as
Enhanced Variable Rate Codec (EVRC) encoder for voice,
an H.324 encoder for video, and many other known
encoding schemes. The choice of source encoding scheme
is dependent on the end application of the wireless
network. [0037] The source encoder 220 may also
generate traffic data. A transmit processor 230
receives the traffic data from source encoder 220,
processes the traffic data in accordance with a data
rate selected for transmission, and provides output
chips. A transmitter unit (TMTR) 232 processes the
output chips to generate a modulated signal.
Processing by the transmitter unit 232 may include
digital-to-analog conversion, 



amplification, filtering, and frequency upconverting.
The modulated signal generated by the transmitter unit
is then transmitted via antenna 234. In the case of a
multipleantenna transmitter unit 232, the processing
by the transmitter unit may also include multiplexing
the output signal for transmission via multiple
antennas. [0038] At receiving station 250, NR antennas
252a through 252r receive the transmitted signal (or,
if the transmitter unit 232 included multiple transmit
antennas and transmitted a multiplexed signal,
antennas 252a through 252r each receive a linear
combination of the signals transmitted by each of the
transmit antennas). Each antenna 252 provides a
received signal to a respective receiver unit (RCVR)
254. Each receiver unit 254 processes its received
signal. In an exemplary embodiment, receiver units 254
each process the signal via digital sampling,
providing a stream of input samples to areceive
processor 260. Receive processor 260 processes the
input samples from all R receiver units 254a through
254r in a manner complementary to the processing
performed by transmit processor 230, and provides
output data, which is the statistical estimate of the
content of the traffic data sent by transmitting
station 210. A source decoder 270 processes the output
data in a manner complementary to the processing
performed by source encoder 220, and provides decoded
data as output for further use or processing by other
components. [0039] In an exemplary embodiment,
controllers 240 and 280 direct the operation of the
processing units at transmitting station 210 and
receiving station 250, respectively. The transmitting
station 210 and receiving station 250 may also include
memory units 242 and 282 that store data and/or
program codes used by controllers 240 and 280,
respectively. Signal processing in orthogonal
frequency-division multiplexing (OFDM) systems. [0040]
Using an OFDM scheme effectively partitions the
overall system bandwidth into a number (NF) of
orthogonal subbands. These orthogonal subbands are
sometimes referred to as tones, frequency bins, or
frequency subchannels. With OFDM, each subband is
associated with a respective subcarrier upon which
data may be modulated. For a MIMO-OFDM system, each
subband may be associated with a number of eigenmodes,
and each eigenmode of each subband may be viewed as an
independent transmission channel. [0041] As noted
previously, MIMO-OFDM systems employ pilot tones for
estimating channel response, timing and frequency
acquisition, data demodulation, or other functions. In
an exemplary MIMO-OFDM system, these pilot tones are
structured as follows. [0042] The MIMO-OFDM system
bandwidth is partitioned into NF orthogonal subbands.
In general the number of orthogonal subbands depends
upon the number of antennas at the transmit and
receive ends of the MIMO system. In an exemplary
embodiment, NF - 64 , but in some embodiments, the
described techniques can be readily applied generally
to MIMO systems operating with any number of
orthogonal subbands as well as other OFDM subband
structures. [0043] The pilot tones are transmitted on
a predetermined number of subbands. The number and
spacing of the OFDM subbands may be selected to
optimize the balance ofimproved channel estimation and
increased overhead, or loss of effective bandwidth,
that arises from reserving certain subbands for pilot
tones. In an exemplary embodiment where NF -64 , for
example, four pilot tones may be employed, providing
enough data for estimation of channel performance
without sacrificing too much data bandwidth. [0044] A
number of factors may contribute to phase rotation on
an OFDM symbol, such as the sampling time of the
symbol or phase noise of local oscillators. Such phase
rotations can contribute to error in the received
signal. When using pilot tones, the processing
algorithms or circuits at the receiver can estimate
these phase rotations from the pilot tones, which are
transmitted with known parameters, and correct the
data tones accordingly. Therefore, accurate and
precise measurement of phase information in the pilot
tones is very important to the overall system
performance. Any interference to the pilot tones
(particularly interference that introduces phase
shifts that are not also present in the data tones)
may degrade the system performance significantly as
phase tracking on the data tones may be lost. When
spurious phase shifts are present in the pilot tones,
receiver processing may overcorrect the data tones or
correct for phase shifts that are not present in the
data tones. [0045] To address narrowband interference
problems that can introduce phase errors into the
pilot tones, the embodiments of the present disclosure
provide techniques for frequency-hopping pilot tones
incrementally. In an OFDM-MIMO system employing the
techniques disclosed herein, pilot tones may be hopped
to different positions in the frequency band when
interference or any other source of degraded channel
response is 



observed to be degrading the system's performance.
[0046] FIG. 3 schematically illustrates pilot-tone
hopping in an exemplary OFDMMIMO system having NF
subbands. A subcarrier corresponding to each subband
is represented in FIG. 3 by a vertical line in the
schematically represented frequency spectrum of the
channel. The subcarriers may be referred to by an
index k, running from 1 to NF. At any given time, some
of the subbands are reserved for use as pilot tones,
while the subcarriers in the other subbands may be
modulated to carry transmitted data or other system
information. At some time t=to, in the exemplary
embodiment illustrated in FIG. 3, subband k=\ and
every eighth subband thereafter are designated as
pilot tones, indicated by a dotted line and by the
letter P above those subbands. Again it will be
understood that this is merely exemplary, and the
techniques described hereinmay be applied to any
number of pilot tones, placed anywhere within the
channel, with whatever spacing is desired. [0047] When
interference and/or phase noise in the pilot tones
interferes with system performance, the system can
"hop" the pilot tones, reassigning the role of pilot
tone to different subbands from those initially
assigned. (Trigger conditions that might cause the
system to hop the pilot tones are discussed below.) In
FIG. 3, for example, at time t=ti, the system has
advanced the pilot tones by one subband. Thus in the
embodiment illustrated in FIG. 3, at t=ti the pilot
tones are assigned to subbands k=2, 10, etc.
Similarly, should the system advance the pilot tones
again, at some later time t=t2 the pilot tones may be
assigned to subbands k=3, 11, etc., as illustrated in
FIG. 3. In an exemplary embodiment, if the highest
frequency subband is designated a pilot tone, then
when the system hops or advances the pilot tones, the
assignment will "wrap" to the lowest portion of the
channel; i.e., the subband k=l will be designated as a
pilot tone. [0048] In one embodiment, the pilot tone
hopping is triggered when channel conditions fall
below a threshold. For example, the threshold
condition may be bitrate falling below a certain
threshold level, phase noise increasing above a
threshold level, the signal-to-noise ratio falling
below a threshold level, bit-error-rate increasing
above a threshold level, or a threshold degradation in
any other channel parameter that is monitored by the
system. Other channel parameters that may be monitored
by an exemplary system include correlation, channel
coherence time, frequency and rms delay spread. The
threshold condition may be evaluated by processing
that occurs at the transmitting end or by processing
that occurs at the receiver. In one embodiment
spectral noise, signal-to-noise ratio, and/or bit rate
are monitored at the receiver end; other parameters
may be monitored at the transmitter end. In
embodiments in which the threshold condition is
evaluated at the receiver end, upon detection of the
threshold condition the receiver will send to the
transmitter a flag, signal, or other indicator. In
such embodiments, the transmitter is programmed to
interpret the indicator as a request to begin hopping
the pilot tones, and begins incrementing the pilot
tones in response to receiving the indicator. [0049]
Upon detection of a positive threshold condition, the
transmitter then increments the pilot tones by some
fixed number Ni of subbands. In the embodiment
illustrated in FIG. 3, Ni =1, but other values of Ni
may be employed. In oneembodiment, the pilot tones may
be incremented once (by an interval of Ni subbands)
upon detection of the threshold condition. In another
embodiment, the system may repeatedly increment the
pilot tones by Ni subbands, checking the threshold
condition with each increment, and cease incrementing
the pilot tones when the threshold condition is no
longer satisfied, i.e., when one or more monitored
channel parameters have returned to their desired
ranges. In still another embodiment, once the
threshold condition is detected, the pilot tones may
be repeatedly incremented with each consecutive packet
or burst transmitted by the transmitter, wrapping the
pilot tones back to k=l when they increment past the
high frequency end of the channel. Finally, in another
embodiment, the system may be programmed to always
vary the pilot tones independent of any threshold
condition. For example, such a system may be
programmed to initiate transmission with subband k=l
assigned as a pilot tone, and then increment the pilot
tones by one subband with each transmitted packet or
burst, wrapping back to k=l when the pilot tones
increment past the high frequency end of the channel.
The hopping of tones may continue for a predetermined
time or a predetermined number of frames, or it may be
ceased when the threshold condition is no longer
detected at the transmitter or at the receiver.
Alternatively hopping may be ceased upon the detection
of a different threshold condition at either the
transmitter or receiver. [0050] In an exemplary
embodiment, when it is determined that the pilot tones
should be hopped in frequency, all of the tones in the
OFDM symbol are shifted by Ni 



subbands. Thus, for example (referring again for FIG.
3), at t=to, subband k=l is designated for a pilot
tone while subbands =2-8 carry data (and similarly for
subbands k=9 to =N F) . After a pilot tone hop (with
Ni =1), at t=t , subband k=2 is designated for a pilot
tone, and the data corresponding to the data
previously in subbands =2-8 is carried in subbands the
data corresponding to the data previously in subband
IC=NF is carried in subbands Ic=\. In other words,
when the tones are hopped, each tone is pushed forward
by Ni subbands and tones that would be hopped out of
the channel by that increment "wrap" around to occupy
the first tones' subbands. Alternatively the tones
could be hopped in the reverse direction, decrementing
each tone by Ni and wrapping lower tones to the higher
end of the spectrum.[0051] To correctly process
received signals, in some embodiments the receiver can
determine for every received packet, burst, or
protocol data unit (PDU) which subbands are pilot
tones and which are data tones. Therefore, in one
embodiment, each packet, burst, or PDU is marked by
the transmitter with a sequence identifier, such as a
sequence number or other unique identifier that
locates the position of the packet in a sequence of
transmitted packets. The receiver can use this
identifier to determine which subbands are assigned to
pilot tones for that packet, burst, or PDU. For
example, if the receiver knows that pilot tone hopping
began with the transmission of the packet bearing
sequence number NH, and also knows that in each
subsequent packet the pilot tones were advanced by Ni
subbands, when the receiver receives a data packet
bearing sequence number NH + P, the receiver can
compute the indices of the subbands corresponding to
the pilot tones for that packet by adding (p Ni) mod
(NF) to each of the indices of the original subbands.
This computation advances the pilot tones by the
correct number of steps and wraps the pilot tones back
to subband k=l when they advance past the last subband
k=NF. [0052] To correctly determine the pilot tones
from the sequence number of a data packet, burst, or
PDU, in some embodiments the receiver knows the
sequence number at which pilot hopping began. In
embodiments in which the receiver sends instruction to
the transmitter to begin pilot hopping, the receiver
may store the packet number at which it sent that
instruction. In embodiments in which the transmitter
determines when pilot hopping begins, the transmitter
may send a signal to the receiver indicating the
sequence number at which pilot hopping begins. [0053]
In an alternative embodiment, the packets, bursts, or
PDUs themselves may include information encoding the
indices or the frequencies of the subbands directly,
so that the receiver may simply read them from the
transmission. [0054] Exemplary embodiments of
apparatus configured to carry out some of the methods
disclosed herein are illustrated in FIGS. 4-6. As
discussed further below, each of these devices and/or
their components may be implemented in hardware,
software, or a combination thereof. [0055] An
exemplary embodiment of an apparatus configured to
select a subband to be assigned to a pilot tone is
illustrated in FIG. 4. The apparatus 402 includes a
module 408 for determining a channel parameter such as
bitrate, phase noise, signal-to-noise ratio, or any
other channel parameter. The channel parameter
determining module 408may receive an input 404, such
as a signal from a receiver, that may be processed to
determine the values of one or more channel
parameters. In an exemplary embodiment, the apparatus
also includes a subband selection module 412 that uses
the channel parameter to assign a subband to the pilot
tone, e.g., to determine whether the subband
previously assigned to the pilot tone should be
incremented. The subband selection module 412 may
include a condition evaluating module 410 that
determines whether the channel parameter (determined
by module 408) meets a pilot-hopping condition as
described above. A subband incrementing module 414
then increments the subband if necessary based upon
the output of the condition evaluating module 410. The
output 418 of the apparatus 402 is, in an exemplary
embodiment, a signal indicating the subband to be
assigned to the pilot tone. This signal 418 may then
be passed, for example, to a processor that generates
data units for transmission. [0056] FIG.5 illustrates
an exemplary embodiment of an apparatus for
transmitting multiple data units, each data unit
including a pilot tone. The apparatus 502 includes a
transmitting module 504. The transmitting module 504
may receive input 508 that includes information to be
encoded in a data unit for transmission. The
transmitting module 504 also receives input 510 from a
subband selection module 412 as described above in
connection with FIG. 4. Input 510 tells the
transmitting module what subband to use as a pilot
tone in the data unit to be transmitted. Thus the
output 512 of the transmitting module 504 includes a
data unit carrying encoded information from input 508
and a pilot tone in a subband determined by the
subband selection module 412. 



[0057] In an exemplary embodiment of the apparatus 502
for transmitting data units, the subband selection
module 412 includes a condition evaluating module 410
and a subband incrementing module 414 as described
above in connection with FIG. 4. The subband
incrementing module 414 increments the subband if
necessary according to the output 514 of the condition
evaluating module 410. For example, if the output 514
of the condition evaluating module 410 indicates that
the pilot-hopping condition is met, then the subband
incrementing module 414 increments the subband; on the
other hand, if the output 514 of the condition
evaluating module 410 indicates that the pilothopping
condition is not met, then the subband selection
module 412 assigns the same subband as was assigned
for the pilot tone of a previously transmitted data
unit. [0058] Exemplary embodiments of condition
evaluating module 410 are illustrated in FIG. 6A and
FIG. 6B. In the embodiment illustrated in FIG. 6A, the
conditionevaluating module 410 determines a channel
parameter (via channel parameter determining module
604) and then determines whether the channel parameter
meets a threshold condition (via the threshold
evaluating module 608). The output 514 of the
condition evaluating module is passed to the subband
incrementing module 414 as illustrated in FIG. 5. In
an alternative embodiment, the channel parameter
determining module 604 is a separate module rather
than a component of the condition evaluating module
410. In such an embodiment the channel parameter
determining module 604 passes the channel parameter to
the condition evaluating module 410 for processing.
[0059] Finally, in the embodiment illustrated in FIG.
6B, the condition evaluating module 410 includes an
indicator receiving module that receives an indicator
612, the indicator 612 indicating whether or not the
subband should be incremented. [0060] FIG. 7
illustrates an embodiment of an apparatus 702 for
processing a received data unit having a sequence
identifier and a pilot tone associated with a subband.
The apparatus 702 receives input 704 that includes the
data unit. A sequence identifier determining module
708 processes the input 704 to determine the sequence
identifier. A subband determining module takes the
sequence identifier from the sequence identifier
determining module 708 and uses it to determine the
received data unit's pilot tone, as discussed
previously. For example, in an exemplary embodiment,
the subband determining module 712 determines the
subband by incrementing the subband associated with a
previously received data unit by an interval that is
based upon the sequence identifier of the received
data unit. The output 714 of the apparatus 702 may be
a signal indicating the subband of the pilot tone in
the data unit being processed. [0061] The techniques
described herein may be implemented in MIMO wireless
communications systems, as well as in any
communication system, wireless or otherwise, in which
one or more pilot tones are employed. The techniques
described herein may be implemented in a variety of
ways, including hardware implementation, software
implementation, or a combination thereof. For a
hardware implementation, the processing units used to
process data for transmission at a transmitting
station and/or for receipt at a receiving station may
be implemented within one or more application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic
devices, other electronic units designed to perform
the functions describedherein, or a combination
thereof. In embodiments in which the transmit and
receive stations include multiple processors, the
processors at each station may share hardware units.
[0062] For a software implementation, the data
transmission and reception techniques may be
implemented with software modules (e.g., procedures,
functions, and so on) that perform the functions
described herein. The software codes may be stored in
a memory unit (e.g., memory unit 242 or 282 in FIG. 2)
and executed by a processor (e.g., controller 240 or
280). The memory unit may be implemented within the
processor or external to the processor. [0063] In one
or more exemplary embodiments, the functions described
may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software,
the functions may be stored on or transmitted over as
one or more instructions or code on a
computer-readable medium. Computer-readable media
includes both computer storage media and communication
media including any medium that facilitates transfer
of a computer program from one place to another. A
storage media may be any available media that can be
accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used
to carry or store desired program code in the form of
instructions or data structures and that can be
accessed by a 



computer. Also, any connection is properly termed a
computer-readable medium. For example, if the software
is transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable,
twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the
definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk and blu-ray
disc where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers.
Combinations of the above should also be included
within the scope of computer-readable media. [0064]
The previous description of the disclosed embodiments
is provided to enable any person skilled in the art to
make or use the present disclosure. Various
modifications to these embodiments will be readily
apparent to those skilled in the art,and the generic
principles defined herein may be applied to other
embodiments without departing from the spirit or scope
of the disclosure. Thus, the present disclosure is not
intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with
the principles and novel features disclosed herein.
WHAT IS CLAIMED IS:CLAIMS 1. A method for incrementing
a subband of a pilot tone in a communication system,
the method comprising: receiving an indicator; and
incrementing the subband of the pilot tone in response
to receipt of the indicator. 2. The method of claim 1,
wherein incrementing the subband of the pilot tone
includes incrementing the subband by a predetermined
interval. 3. The method of claim 1, wherein the
communication system includes a transmitter and a
receiver, and wherein the indicator is received by the
transmitter from the receiver. 4. A method for
transmitting multiple data units wherein each of the
multiple data units includes a pilot tone, the method
comprising: transmitting a first data unit, wherein
the pilot tone of the first data unit is associated
with a first subband; and transmitting a subsequent
data unit, wherein the pilot tone of the subsequent
data unit is associated with an incremented subband.
5. The method of claim 4, wherein the incremented
subband of the subsequent data unit is the subband of
the first data unit, incremented by a predetermined
interval. 6. The method of claim 4, further
comprising: successively transmitting further
subsequent data units, wherein the pilot tone of each
further subsequent data unit is associated with a
further incremented subband. 7. The method of claim 6,
wherein the further incremented subband of each
further subsequent data unit is the subband associated
with a previously transmitted data unit, incremented
by a predetermined interval.8. The method of claim 4,
wherein multiple data units are transmitted via a
wireless MIMO/OFDM system. 9. A method for
transmitting multiple data units wherein each of the
multiple data units includes a pilot tone, the method
comprising: transmitting a first data unit, wherein
the pilot tone of the first data unit is assigned to a
first subband; determining whether a pilot-hopping
condition is met; and transmitting a subsequent data
unit, wherein if the pilot-hopping condition is not
met, the pilot tone of the subsequent data unit is
associated with the first subband; and if the
pilot-hopping condition is met, the pilot tone of the
subsequent data unit is associated with an incremented
subband. 10. The method of claim 9, wherein the
incremented subband is the subband of the pilot tone
of the previous data unit, incremented by a
predetermined interval. 11. The method of claim 9,
wherein determining whether the pilot-hopping
condition is met further comprises determining a
channel parameter. 12. The method of claim 11, wherein
determining whether the pilot-hopping condition is met
further comprises determining whether the channel
parameter meets a threshold condition. 13. The method
of claim 12, wherein each of the multiple data units
further comprises a sequence identifier. 14. The
method of claim 12, wherein determining whether the
pilot-hopping condition is met further comprises
receiving an indicator from a receiver. 



15. An apparatus configured to transmit multiple data
units comprising: an output adapted to be coupled to
at least one antenna; anda transmitter unit coupled to
the output, and operable to generate data units to be
sequentially provided to the output, wherein each of
the data units includes a pilot tone; and wherein the
transmitter unit is further operable to assign the
pilot tone of the first data unit to a first subband,
and to assign the pilot tone of each subsequent data
unit to an incremented subband. 16. The apparatus of
claim 15, wherein the incremented subband of each
subsequent data unit is the subband of a previous data
unit incremented by a fixed interval. 17. The
apparatus of claim 15, wherein each of the multiple
data units further comprises a sequence identifier.
18. The apparatus of claim 15, wherein each of the
multiple data units is a data packet. 19. The
apparatus of claim 15, wherein each of the multiple
data units is a burst. 20. The apparatus of claim 15,
wherein each of the multiple data units is a protocol
data unit. 2 1. An apparatus configured to transmit
multiple data units comprising: at least one output
adapted to be coupled to at least one antenna; and a
transmitter unit coupled to the output, and operable
to generate data units to be sequentially provided to
the output, wherein each of the data units includes a
pilot tone; wherein the transmitter unit is further
operable to: assign the pilot tone of the first data
unit to a first subband; determine whether a
pilot-hopping condition is met; and if the
pilot-hopping condition is met, assign the pilot tone
of each subsequent data to an incremented subband.22.
The apparatus of claim 21, wherein the incremented
subband of each subsequent data unit is the subband of
a previous data unit, incremented by a predetermined
interval. 23. The apparatus of claim 21, wherein the
transmitter unit is operable to assign the pilot tone
of each subsequent data unit to the first subband if
the pilothopping condition is not met. 24. The
apparatus of claim 21, wherein the transmitter unit is
further operable to determine a channel parameter. 25.
The apparatus of claim 24, wherein the transmitter
unit is further operable to determine whether the
channel parameter meets a threshold condition. 26. An
apparatus configured to process a received data unit,
the received data unit comprising a sequence
identifier and a pilot tone assigned to a subband
comprising: at least one input adapted to be coupled
to at least one antenna; and a receiver unit coupled
to the input, the receiver unit configured to receive
the data unit from the input; determine the sequence
identifier of the data unit; and determine the subband
assigned to the pilot tone of the received data unit
based upon the sequence identifier of the data unit.
27. The apparatus of claim 26, wherein the receiver
unit is further configured to determine the subband
assigned to the pilot tone of the received unit by
incrementing the subband assigned to a previously
received data unit. 28. The apparatus of claim 27,
wherein the subband assigned to the previously
received data unit is incremented by an interval that
is based upon the sequence identifier of the data
unit.29. An apparatus configured to select a subband
to be assigned to a pilot tone comprising: means for
determining a channel parameter; and means for
selecting the subband to be assigned to a pilot tone
based upon the channel parameter and a subband
previously assigned to the pilot tone. 30. The
apparatus of claim 29, further comprising: means for
determining whether the channel parameter satisfies a
threshold condition; and means for incrementing the
subband previously assigned to the pilot tone by a
predetermined interval, and selecting the incremented
subband as the subband to be assigned to the pilot
tone, if the channel parameter fails the threshold
condition. 31. The apparatus of claim 29, wherein the
channel parameter is a signal-tonoise ratio. 



32. The apparatus of claim 31, wherein the channel
parameter is a bit-errorrate. 33. A machine-readable
medium carrying instructions for carrying out a method
by one or more processors, the instructions
comprising: instructions for determining a channel
parameter; and instructions for selecting a subband to
be assigned to a pilot tone based upon the channel
parameter and a subband previously assigned to the
pilot tone. 34. An apparatus configured to transmit
multiple data units wherein each of the multiple data
units includes a pilot tone comprising: means for
transmitting a first data unit, wherein the pilot tone
of the first data unit is assigned to a first subband;
means for determining whether a pilot-hopping
condition is met; and means for transmitting a
subsequent data unit, wherein if the pilot-hopping
condition is not met, the pilot tone of the subsequent
data unit is associated with the first subband; andif
the pilot-hopping condition is met, the pilot tone of
the subsequent unit is associated with an incremented
subband. 35. The apparatus of claim 34, wherein the
incremented subband is the subband of the previous
data unit, incremented by a predetermined interval.
36. The apparatus of claim 34, wherein the means for
determining whether a pilot-hopping condition is met
further comprises means for determining a channel
parameter. 37. The apparatus of claim 36, wherein the
means for determining whether a pilot-hopping
condition is met further comprises means for
determining whether the channel parameter meets a
threshold condition. 38. The apparatus of claim 36,
wherein the means for determining whether a
pilot-hopping condition is met further comprises means
for receiving an indicator from a receiver. 39. A
machine-readable medium carrying instructions for
carrying out a method by one or more processors, the
instructions comprising: instructions for transmitting
a first data unit including a pilot tone assigned to a
first subband; instructions for determining whether a
pilot-hopping condition is met; and instructions for
transmitting a subsequent data unit including a second
pilot tone, wherein if the pilot-hopping condition is
not met, the second pilot tone is associated with the
first subband; and if the pilot-hopping condition is
met, the second pilot tone is associated with an
incremented subband. 40. An apparatus configured to
process a received data unit, the received data unit
comprising a sequence identifier and a pilot tone
associated with a subband, the apparatus
comprising:means for determining the sequence
identifier of the received data unit; and means for
determining the subband associated with the pilot tone
of the received data unit based upon the sequence
identifier of the data unit. 41. The system of claim
40, wherein the means for determining the subband
assigned to the pilot tone of the received data unit
further comprises means for incrementing by an
interval the subband associated with a previously
received data unit, wherein the interval is based upon
the sequence identifier of the received data unit. 42.
A machine-readable medium carrying instructions for
carrying out a method by one or more processors, the
instructions comprising: instructions for determining
a sequence identifier of a data unit having a pilot
tone; and instructions for determining the subband
associated with the pilot tone of the data unit based
upon the sequence identifier of the data unit. 


