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COVPCSI TI ONS AND METHODS FOR TREATI NG AND DI AGNCSI NG
ASTHVMA CRCOSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001]
wa'bios/1aqpt i cation clains the benefit of U S. PCT/US2009/039039
provi sional application nunbers 61,072,572 fil 3
Adaptive Bognanytiombient Decompogitionzohad udio ggné@
filed 20 May 2008, and 61/205,392 filed 16 January
2009. FIELD [0002] Conpositions and net hods for

are prov ARCKrE SEELICARTONT *
ar o prove AOSSREFEINCRY EE 170
identifying effective asthma therapeutic agents and
pra @Pf%loﬂé%@ﬁ Hekeneltsoftlp SaBronivionehBatagetnpliation Ser. No.
agents. BACKGROUND [0003] Asthma is traditionally

61/041 Asldied b MaduBt, 200amaenepdddeg€hiR300BR¥d and entitled “Adaptive
i nfl ammation driven by T-hel per type 2 (Th2) processes

Primaa 1@ niBRélit BeBmbYsiGyit OKANES Sigialyahd'B ol ddhehhLidkiiR-part of U.S.
(1L)-4, IL-5 and IL-13. IL- 13 is a pleiotropic Th2

Paten@(@@ﬁ:‘aﬂﬁn F&o fuce 0@8’ 19&%11?’@61{31@1&-0&% 2508 QM dctiet

nop mast~ ce and it has been strongly

cat ed 4 ho IS of ast hna
cLIP| RIS i gt i PPETCOREDSR 68 Ty b Decgmpgyion of
been detected in the airways of human asthma patients;
Stereqydpigeignalty; whishlmims die heaclirtylU SpRiavisianal RatentAppdigation Ser.
of asthmatics [3-6]. Recent research has been directed
No. 6@894hdG rfﬁﬂhde@gCHwbiAﬂWE (atyaroki deekeicQuBE 8ABR Mirand ¢ritigled
pat hol ogy and physi ol ogy [49, 50]. [0004] While asthmm
“Vectbs S pdce evieth by fac Paifiazie Anthyene et oapéyidiércofl Stéieb tAualid Signalk”, and
the airways, there is increasing evidence that there

whichéik & cBhiffatiShUpt-yRe st Ofs. tPlafénﬁAﬁﬁ aaBof Sk . BY/750, 300 flled May 17,
alternative fornms of infla ion [1, 39, 48].

2007 ?ﬁﬁm%%cﬁgtﬂﬁﬁS%ﬁ} zt.h% e‘ﬁ?ltlkéi”‘ atiaP RS '8??) nggéas%h Wmversal

ma DFOVI vi dence

il not of a h
spaigf§ e Mgk el ‘ﬁﬁf@{iﬂw%‘? HRay RS Ser VG,
nderlylng these clinical and cellul ar henoty es of
60/74358Rrflediph My 175 200k ﬁ%mﬁnem%kﬁttdéwﬂlﬁ?l’clg Y1 8H Oéfhf‘/adwlosures of
devel opnent of biomarkers for distinct nolecul ar
whichpire nebyppescdby adtrane: mohdiderguetg ot depwtposes heem. of
basi c research and the clinical application of

emer gi ng ast hBA CRERIRD OFAHEINVENTRINY target Th2
responses in the lung.[0005] Periostin s a secreted

1. PG PurSEReh@sEd W th fibrosis whose expression is
upreguPatg?’g reconb|nant IL 4 and IL- 13 in

FiTgr oh Qi SR by & aél%lpor il s QRS Yareapicutany
Vi vo, i n bronchi al [ I|aI cells [8] and in the
the PreseBE{BY EHE 181ty ﬁ%ﬁ)@ﬁwéﬁ slgeempesingudiq, sghp %%%%ma@sand
~as well as in a nouse nodel of asthma [10]. It is also
ambieakgorepyettsat el evated | evel s in the esophagea
epitheliumof patients with eosinophilic esophagitis
2. i Des¢ription df3hd Rebatd@Alrt manner [H]. El evated periostin
expressi on has been observed in several types of

eplithiey- hﬁbwﬂ?ﬂéeﬁ%oﬁﬁﬂﬁ’ 8ledriltdk £fAratcaRE S b@¥Aki8H (and diffuse,
| evel s of sol ubl e periostin have been observed in the

unfoc@%&lJ E%lﬁf:esZﬁ%ﬁl t’ﬁggﬁﬁ{a O)p@(;he%i“ §01Ir(,66% 'in g% e?eQ)-l or IL]?QQI%]nneI audio
none-w de expr essi m croarray ana yses
br onchi al eplthellal cells from42 n1|d t o- noder at e,
steroi d-nave asthmatics and 28 healthy contro
subj ects have been perfornmed [8]. In those studies,
three of the nost differentially expressed epithelial
genes between all asthmatics and all healthy controls
were periostin, CLCAI, and serpinB2 [8]. Furthernore,
t hose genes were significantly downregul ated in
bronchial epithelial cells of asthmatics after 7 days
of inhaled corticosteroid (ICS) treatnent [8]. A
three of those genes are |nduced |n bronchi a
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sumtest). [001 1] Accordingly, the present invention
relates to nmethods of diagnosing a subpopul ati on of
wa@stobiresopat i ents conpri sing neasuring the genePCT/US2009/039039

. S S f a e or ¢ nati on of nes sel ected
signal ?I% ag—%ﬁ} Brafi Rsgeflihr L st s PEEal o
. G i NCS, SERPINB4 CST4, PRB4, TPSD TPSG
hvelwpgD?f a@pﬂg) u@q (f@sexa@[g]_qz gvhe@}y: a@m@formatlon is used to
TRACH2000196 (TMEMZ1), DNAJC 12, RGS 13, SLO 8A2,
generSERAINBICOurSHIRAZNAISCER] BatiFuNiR, coBinaaiwhernd fiateaxmetods are
I n one enbodi nent, the gene expression is neasured of
neededriyr @iteargrand ambicnaticmdl cofteg@nes sel ected fromthe
group of consisting of POSTN, CSTI, CST2, CCL26,

CeGent (RERYds fe?@ﬂllnes‘ﬁﬁaleﬂ%%on%ﬁgﬁmr e'a%m@aﬂﬁhél% applying
CST4, and SERPI NBl O. According to one enbodi nent,

a realtgfgﬂlg% g?ﬂg?%e‘? %{ﬁgo‘?ﬁ ‘Fﬁ?%ﬁgl sk? na[rl SGEPRLL @Y resﬁ‘ﬁﬁl%é)as 1] % 3nd

e ex ression Is

. by observj r vel s
ambicg eRENEIRI 1 G BEREREEGH TG Y OHRBEHar DEmdBEIe
the gene expression is conS|dered el evat ed when . .
sometFpeisdtP amgatsne Heragiocsprodrtian: There artéfipgts incduderthenleakage™ of
| evel of the gene of interest is greater than 2.5 of
primatyheorhonehts aifito ghecanbiende, giendVirRiNAdesked Bragiimgrdved pniotamepambient
enbodi ment, the relative nRNA | evel of the gene of
deconpdlsRioaséchnkugr eater than 3 fold, 5 fold, 10 fold, 15
fold 25 fold or 30 fold conpared to a healthy contro
gene expr essi OnS#lmlé W%ﬁgm@@gn‘oodl ment ,
t he gene expres od sel ect ed
];n':[gl? (1)navreP%&1 &4 F}hge??ntecrh% ugmgg%{ls‘%eauseg?q ?,]VOéd sulch artlfacts as the
. the m croarray nethod conprises the use of
leakaagenPg?‘ggF%ﬁo‘EFﬁsﬁn‘i‘PéW ﬁﬁﬂ%&e Yrbifpreeomponeitc Thgingention
mol ecul es that can hybridi ze under stringent
provides mawirheshedstfor deaenmpbsing aatered sngliesghal ogacodiighgnacl gedie signal
nmenti oned above or having one or nore pol ypeptides
into pfisacharaisanpldpiticdapoaentanPoshpchicessing inathodafor bnlehcing thne
or nore of the proteins encoded by the genes nentioned

deco MBn atdaldh@eseabri ment, the PCR method is qPCR
cording to oneenbodi nent, the i nmunoassay net hod

|36 618,54 RSN nRdisng: @0,ant L oy @R AER o

expr roma gene nentloneagg ove

. menti oned aboye a eter rotein
primay G G P RROBSIT Nt Ldtp o G F@Bgfélgﬁn AL z%il%ﬁ Ryce
to one enbodi nent, a control gene is a housekeepi ng
primagpabisa| decorgositiestreelogpes e pHEIaSY piarabienicqomponents are
GAPDH, GASB and GUSB. [0012] The present invention
derivedrsovi thes the smincyf dlag prapaiyhing aodmgnt csmpenentsedqeils tizecoriginal signal
sequences encodi ng the followi ng genes: POSTN, CSTI,
and v&®U2 de§ifdd2fthobiafity cdtiditfons SFRRALINGR, bebAGAND comPéXents. In
SERPI NB4, CST4, and SERPINBlI O or fragnments there of.

preferfdiferPS RO s, Itﬂélﬁl%{l{ Qf@hcpglgffallg%% eﬁclﬂﬁﬁér@@ﬁft@)!utﬁﬁh@s these subband
COﬁprSIhg nUC e|C acid sequences encod Ing

s1gnal'§>%ﬁ4’ Vec P% gg” %ﬁ% Rf%l%‘@?%%%omponents

TPSDI TPSG NFSDQ CPA3 GPR105 CDH26, GSN,
C20RF32, TRACH2000196 (TMEM71), DNAJCl12, RGS13,
SLC18A2, SERPI NBI O, SH3RF2, FCER B, RUNX2, PTGSI, and
ALOXl, or fragments thereof. [0013] The present

i nvention provides a subpopul ati on of asthma patients
to be treated with the therapeutic agents of this

i nvention, wherein the ratio of Mic5AC. MJC5B protein
or nRNA levels in the airway epithelial cells of
asthma patients is greater 2han 25. [0014] The present
invention also relates to nethods of diagnosing a
subpopul ati on of asthma patients by taking single or
conblnatlons of neasurenents of systen1c blonarkers

T | -  peape—
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OX40, TSLP-R, 1L-7Ral pha (a co-receptor for TSLP),
I L17RB (receptor for IL-25), ST2 (receptor for IL-33),
WQOBRI/14606CR4, CRTH2, FcepsilonRl and Fcepsi | onReCT/CER89/039039

. (receptors for 19E). Accordingly, .a.therapeutic ent

using YEEPRAGE Fieli®n | BR sy RERE PetclemBel i SR I I IR
bind to the target abaove, such as a pol ypepti de(s)

algorithgn garamgiersisdeqiiggy thagrn ipﬁ%%%fifégrﬂwddvetg()%ept i body) ,
an aptanmer or a small nolecule. [0017] According to
oFenbedinacditnedithe cuint itentpreean epesgiediredtly arthefime-dontdn audio
anti body. According to another enbodi nent, the

signalantn pretertd eatbot inadhys, howpvdrsths ircolith & eeiee nagiocoumpl isSnikiglly
SEQ I D NO 193 and a VL sequence conprising SEQ I D NG

conve#@d frohCE ﬁﬁlgld&ﬁ‘_la‘irpre@fh@Eﬂ’t@t‘iorﬂ%ﬁ@éqﬁﬁ@ﬁ@y—ddrﬁzﬁn dPLibbhkd 3

anti body conprises: (a) an HVR-LI conprising am no

o Bl SR AT RIS FEOR MO8l s
o v R SN a0 R A M R R e

~ amno acid sequence AYSVN (SEQ ID NO 198); (e) an
windoppgr-tpizerasptp fiagien g1 st tsedisquakifehEerivr \ﬁ}y@@wmﬂm@ed on
(SEQ ID NGO 199); and (f) an HVR-H3 conprising am no
the windped sigud MencDBY YENANDA fie§EQCl KoNGin 2PEsentAtaorithaggnal
to anot her enbodi nent, the therapeutic agent is an

conte@Nh kadP@dné ;i tBEWhdo WAL onaBinob@dYom A alrtinn Brob &ssing focus all but
anot her enbodi ment the therapeutic agent is an

a sho@'ﬁ?ﬂe‘ihé@i“\%ﬁ @f]{hie'tilnlfe‘—ld(mtl%g %ﬁéﬁgl. "ﬁleaffﬁnil&%gé’s aé&?é)cra%gﬁaﬁ Sfset

anot her enbodi nent, erapeutic agent Is an

ant .- LoE ant ibhody. .Accordi.n Q anot her enbodi.nent,
now R 85 BT g A SRR, 8 BB B B AR e
.the nbrane proximal M ' region of surface expressed
applicqgien phihg Sq&) rgsu?%eggwdyﬁ@bwngﬂ# s BaEISE P IRBRE Vet Relurality of
therapeutic agent is an inhaled corticosteroid. In
frequaney baisrer ewidvdinelrarsach siendl ntindavd eoiraineoxele bivi apnfagns magnitude
sel ected from becl onet hasone di propri onate,
and plsel eslons fbe thef dhanined elgindlein thdt ditaneas oine: Jequgpice fiateach particular bin,
nonet asone, and trianti nol one acetoni de. [0018]
corresPoR@hE Y sdqRe iR PRBL Qkﬁfﬁfﬁ Réind W€ i Pdifal yZ634Ddepanatd thO Bdpective
conprises: (a) an HVR-LI conprising sequence

e R
pon R OB BB SR TG FERB B

204); (e) an HVR-H2 conpri sing sequence ) )
operafipSPINGRTNYNERIKS T SEEPHeY 1che ryslying RFEapy yndambieat.signal
conpri si ng sequence ERSPRYFDV (SEQ I D NO 206).
conteitge gewtiratg theoresproti heprimatycad mervignce hiecadrinai@xig04ls.
anti body conprises: (a) an HVR-LI conprising sequence
RES(SEMHENGDT Mkt s( e dpErtNG chlrie] sighils afe dd¢Bnba@sed into primary
conpri sing sequence RVSNRFS (SEQ I D NO 208); (c) an
' i 2 o
and artﬁ‘gf)gngc;bnwg_@ﬁs $ %e?%%ﬁ%%el%%@@(ﬁ%ﬁ@?g%%ﬁ}g& @8 audio

conpri si ng”sequence

. ) 21.0) ; n. HVR- H2 [1.Sin uen I
Slgnalg?ﬁ@%ﬁaéf&l%&@ﬁf%ﬂf éﬁ‘é@j“’ﬁ B Ne 9 t‘%l?a%gen%‘e %?811C§H°%Yeﬁé°r and
conpri sing sequence GRGNFYGGSHAMEY (SEQ I D NG 212).
Accordi ng to another enbodi ment, the anti-OX40L
anti body conprises (a) an HVR-H conprising sequence
SYTMH (SEQ I D NGO 215), SYAMS (SEQ I D NO 216), NFGWH
(SEQ I D NG 217), or NYGWH (SEQ I D NG 218), (b) an HVR-
H2 conpri si ng sequence |1 SGSGGFTYYADSVKG (SEQ I D
NO 219), Al WYDGHDKYYSYYVKG (SEQ | D NG 220),
Al WDGHDKYYAYYVKG (SEQ | D NO 221), VI WDGSNKYYVDSVKG
(SEQ I D NG 222), or VI WNDGSNKYYVDSVKG (SEQ | D NO 223),
(c) an HVR-H3 conprising sequence DSSSWRYFDY (SEQ I D
NO 224), DRLVAPGIFDY (SEQ I D NGO 225), KNWSFDF (SEQ I D
NO 226), or DRMAE YYYGWV (SEQ I D NO 227), (d) an

o o N A SN~ SN AU N~ 1
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GDNI DPNNYDTSYNQKFKG (SEQ I D NO. 258); and (f) an
HVR- H3 conpri si ng sequence ASKAY (SEQ I D NO 259).
w@\ecwondiony t o anot her enbodi nent, the anti -1 gBPEnUS»oOY39039

.CONMpIi ses: an,. - || risin

manrif QR A BB b Pl T RTS8 aperosipmgr e
sequence STSRLHS (SEQ ID NO 255); (c) an HVRL3

various SCIEPHYS sequence QQGHTLPWE (SEQ I D NG 256); (d) an
HVR-H conprising sequence GYTFTDYYMM (SEQ I D NO
25‘py®rd(rg)to afnrlpﬂﬁF@np@d@mntps m@mt@pgéqu@m@nts analysis (PCA), which
GDNI DPNNYDTSYNQKFKG (SEQ I D NO 258); and (f) an

can bé-MpiHIemignpferisd ngassgaineipakbe AGKAYN{ HaQRsIsD(W2r2 58)mponent” is
Accordi ng to anot her enbodi nent, the anti-IgE anti body

smgul‘é%n]i’z{dng{mnox(e@):lo@éﬂ FYR: doluteANPplotided sS@HeN&Ration is not required
LN (SEQ I D NO 260) (b) an HVR-L2 conprising

to gen%ﬁt%lﬁl@ ﬁq’gﬁl‘_ gﬁg{%@gﬁ%ﬁby&ﬂ?%% p% R%btl?ﬁ @Tath? lemaﬁ/
comp%%ef 18 e@%ﬁ%hsﬁv‘&g@ﬁf% st % ﬁ]értggglléq% &181%81‘[ elgenvalue of the

9
GDNIDPNNYDTSYNQKFKG (SEQ I D NO_ 258); and (f) an
channgjsienad’s corplatien Mgtrse gud Hiea ideaKANNg gEQorrgqu@i@ggt}genvector as the
[0019] According to one enbodi nent, the patient has
principgitdireati¢rh dhisdoesimbdir¢ativo [veetot hefoﬂ'ﬂdZasmawﬁ‘ghtyzd @mongeléfxhe right
asthma). In one enbodi nent, the therapeutic agent

and leftedhg@Riied vBabrs I HAe psihtanRcoris@Rn i angdfdudd @ ertesdaal prejettions onto
the therapeutic agent is an IL- 17 pathway I nhibitor.

the prlrfalp%[]glr&@f%ﬁ Q/b&gptand t}ﬁ‘eanttﬂ'i&{c@%@ gbﬁerﬁ@@t@tfodrﬁl AMhd cclrfeséc?nding
y I'n oné enbodi nent, erapeutlc agent |
prOJec%.?E reﬁléuags ng%h%ggl tngigar&:r%%r\éecow 8rr1%n*%se i ftcl:lll' co 17e't'li\ate&] gco lthear in
bi sp LIC ant i body capabl e of b|nd|n both | L- 17A
signal gfiace)L The st a eENSHHYAPARSHHS, AT Al CAIEREA S0H AEe nag @Fpogonal
is an antl-IL 17A/ F anti body. [0020] The present
acros§ thg ehaningls. provi des a kit for diagnosing an asthma
subtype in a patient conprising (1) one or nore
nual Bpect at thd prederCiul @sioh padvitkshr nelihzé fon (irbeeasige aenultichannel
wherein the gene is selected fromthe group of

di @ 8l 5 tdeRemafk P'%% EFhbienCR Gtk 3B th ,TlPé%Béth d
e PRB4, SERPI NB CEgan h|errilos]:gpsolrzlRP| NB4 e% and

|
BT S5 gy SR kg oo
in the elevated exp si.on I an
VeCtOféngger@éln‘gh Pﬁ%ﬁ%?rs FOBPiE § UBF S%%HCB ﬁ‘B%tOf Yokt ﬁ%l?lt"ﬁ{l?]\ﬁég%t i
t he ast hnma subtype Abcordlng to one enbodi nent, the
behavigrin perresRandipg ApbRaS dateRNEEpERRY FOMPORFRLNAIL Jregpfor each
consisting of: PRB4, TPSDI, TPSGE, MSD2, CPA3, GPR
subbaQé&;, deGDi26Ng @marsammem VERAGH?0 GM%d(onwel)m e@NAdIGband by
12, RGS 13, SLCl18A2, SH3RF2, FCER B, RUNX2, PTGSlI, and
projecddin@Hbchahnel 80Bband vebter o liRdpriraarty, coblpen@f NGt &XEOEL HBie@Aining
| evel is neasured by assaying for nRNA |levels. In

the an%l@ﬁéa%bmprﬁ&ﬁ QLctErRPdATRHanndl h@e&ﬁ%ﬁ)ﬁu&mﬁb%ﬁ 8 i fRojection
or the use of a ntcroarray ch |p In yet a

remduaiJ %ccij g%lgt% tﬁﬁ ggl n’éﬁﬁ&g \2%65%6 gﬁsﬂl@ eanéiene onft V-CC'[{DI‘San %f:nerate

eIatlve to a control gene nRNA | evel greater than 2.5

mOdlgfe(SiIHilmasrylaﬂ F“E‘Qtept/%‘)rblfo‘%ﬂ% ast hma subtype. [0021] The
i nvention provides a kit for diagnosing an asthma
subtype in a patient conprising (1) one or nore
protein nolecules that bind to a protein selected from
the group of consisting of POSTN, CSTlI, CST2, CCL26,
CLCAl, PRR4, PRB4, SERPINB2, CEACAMb, i NCS, SERPI NB4,
CST4, and SERPINBI O and (2) instructions for neasuring
the expression levels of the protein froma patient
sanpl e, wherein the el evated expression | evels of any
one, conbination or all of said proteins is indicative
of the asthna subtype In one enbodlnent the kit

o o . T e I a o
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Exanples 1 and 2. (A) Relative expression |evels of
periostin (left panel), CLCAl (mddle panel), and
\NsemphmE27(right panel ) in healthy controls (Ne@ZySzng039039

42) . are.shown.
f AiPsLEE %Sé’ﬁ‘ét o ﬂfx s RO g R iR G prossavioegy
ach plot. Twoway conpari sons. of expression |evels

multl%ﬂfambf'é @P%‘Qtsigﬁla Rdletsrmme RrieFy apaaBbient grappiepss of digpignal. The

serpinB2 (mddle panel), and CLCAl and serpinB2 (right
methqdanepgles nomrtmtdanlm@haneela?féh@m@mmr&@éalrdieni'ggalrtankrr%ponding

order correlation (p) and p-values are indicated in
subbaadekctmanehereinGhe Ganes exppassi Oie Requeasd sichistanadfitbé shannel

for healthy controls and asthmatics identifying

s1gnale§(158hﬁ§1%f e drRYSrRliff suBBAHdRSdtdInAfiH g GRbIABs! LAk 36’(:‘[&@ I?‘@rﬁeach
L-4/13 signature high cluster (cluster 1); IL-

chann?fD?ﬂli%H}g guﬂbg &ftéfsff)ﬁﬁmg Cah %?thg orfa elaas% L {}st %Jb%a%e defined

plctlng nsuper erarc

clusterin Eucl i n.c e af . peri ost

by the GoresRngi Teg2 %F‘g@?ﬂﬂ X e%ﬁ?e@?‘)‘@fﬂm&ﬂ&%ﬁmﬂ CQIBP?I?F@F fpjfnvector
across all subjects at baseline. (E) Mean (+ SEM

for eagly pjbband: gid degaanrosHre the subbang vegtorfageach chamef psing the
bronchi al bi opsy honogenat es obt ai ned

correspondiegpobaEneoust yeanrtand bhooprohaglunitrvgstor.ngs from a
subset of subjects depicted in Figures |A-D (cluster
1Thd® anblothed ftin@Bs arabddvamthp&Saf thd pieiedk indentickbarb@adckibyd below
controls and 14 "IL-13 | ow' asthmatics). Twoway

WHhrgQﬁgﬁE@Jﬂ@nﬁa@ﬁ oss all subjects between |IL-4, |L-5,
L-13 in ted at right (Spearman's rank order

correlatio shows

gene fanilﬂggﬂggiﬂgi.p #ﬁgﬁﬁéigﬁgggégﬁi—ﬁﬁés and

expression |evels of those genes descri bed. jn

B asﬁlo‘*( arsefrapmﬁ 3 ?Qf@ﬂmaéy 19T SCQIRRAS| ko, and Rgst-

PRRs (bottom genonic |oci and organi zation as vi ewed
procegping inacemilanse syithyvagiougambediments oSaliet pre@ntinveetivme

browser available at http://genone. ucsc. edu. (B)

HIF&G a2 shi dadramlilsdtering de@mmlsitioprof be audinc@aalngto primary and

cystatin and serpin genes as depicted in panel A (O

ambleﬁel:(ﬁth!i_{d&@nﬁQ@ﬁlg%ﬁ&@ﬁﬁé&ﬂ&)dn@ﬂt@ lagally§ls B 0B afRd WHIebhdIM
4 (left panel), PRB4 (m ddl e panel), and CEACAMb

enmog%%%bgfggggg%khgv aglt hy controls (N=27) and in

are shown. Normalized fl uorescence

units, are |n do eft axi.s of each .
i) Riatyur P uFEmEhap & oy Wi 9 SR BBt a
e i thelial brushlngs at baseline and after one week of
multhhqa%ﬁl andip|if peoadHRe Vith OpF sARPdIntentd) the peaseidntensien.
described in Exanple 6. (A) Periostin expression; (B)
PRFA. 4 prites cloat of(OnetRONKY peioprrgssibomt dp@ORysitiengd teo-4hannel
shows a conposite graph of serum | gE and peri phera
audio bh eRArd206¢ Wahht smbodigkhhobthe prepaitighdo@s descri bed
in Exanples 7 and 9. [0028] Figure 5 shows vari ous

ClH®I £8la cﬁ%ﬁﬁﬁiﬁﬁt?stﬁtmé bactdids b@@ec% o|51|t-10n }3adcBWance with one
subphenotypes of ast ha as describ In Exanple 8. (A

enmoygwﬂpg ﬁ. ﬁé 189 in the first second of a forced
% oR f 3 a measure of airway obstruction.

(B) Inprovenent in FEV1 after 4 puffs (360 ng) of
al buterol (bronchodilator reversibility testing). (O
Provocative concentrati on of nethacholine required to
i nduce a 20% decline in FEV1 (PC20), a neasure of
ai rway hyper-reponsi veness. [0029] Figure 6 shows
vari ous nmarkers of allergy, eosinophilic inflammtion
and airway renodeling of IL-13-high and IL-13 | ow
subphenot ypes of asthma as described in Exanple 8. (A
Al l ergen skin prick test (SPT) results using a pane
of 12 aeroallergens. (B) Serum I gE concentration. (C
Peri pheral bl ood eosinophil count. (D) Eosinophils as
a percentage of t ot al bronchoalveolar | avage f|UId

~ o e o o, . -
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and 1L-13 | ow subphenotypes of asthma as described in
Exanple 8. Healthy controls (N=15); IL-13 | ow
WG aimpheseat ype of asthma (N:5) IL 13 high supr@frrUSgppﬂ039039

yle $§€}%/§gr%mﬁ%%%af1 ROrEPlfSgh ol a?ﬁgsw? iy and

(ALOX and tunor necrosis factor-a (TNF-a) as
ambleaég(gppﬁnﬁg‘@ qulgmal Etdz)pth octheeqnal ar{f@@% bagis dmi & piijnary unit

shows %ene expression mcroarray analysis using 35
vectoipdaptyed by pviegipalgrop®ogente snadysisiarpsterdafoeonithess angodiment of the

controls and asthmatics as described in Exanple 9.
preseft@dlioki gure 12 shows gene expression mcroarray

anal ysis and qPCR anal ysis for periostin and CEACAMb

as dpEaAIRED D'ES@WI@I@OF(I‘IXEFERKEF) 'EMBE]IIMEN‘I‘S in
heal Thy control's, cluster mati cs

a@gfe%ﬂéﬁt\ﬁﬁ ng)wa\J?étnF lh %%ta%l t!) :prel“girr&%ﬁ &{Zbad’l 15 ¢ ﬁ%&t o tion.

expression in he con

cluster 1 ast !

Examflﬁeéﬁ S]”e P(%Arlr%\d E‘Bﬁ‘bddg‘le{“é At lélﬁhtraé‘?‘héég& g‘a?l*}‘al-‘ﬂB% Aragdpss, While
in "lIL-13 high" asthmatics (squares) and "I1L-13 | ow

the inyeytioratill b d(i@gn,béqi g)sgonjl(qgjlopé/é@, these p@f‘rf@r,rgi o;rn‘@odlments it will be
characteristic (ROC) analysis of an optim zed

understbgbthiat Hms fianntgiRER-tb disetthe xpreessi mrsukk pelfardalf qgperadosentn On
and CEACAMb showi ng sensitivity and specificity for

the congahyt Ys esdedtscovet dlterdadivhs, PodiAsddABahe squiaients ki may be
13 l'ow' asthmatics. [0036] Figure 13 shows serum

1nclude§\(ﬁ]d§n e sgﬁft YHY QJO%E & 'ﬂ% 1h%n"ﬁ%f1 Iagrﬁ&ﬁﬁe?l ‘tﬁ‘ﬂge u%e'ﬂ@@d 8B¥ns. In

controls a descri arrp e . ser | evel s
serun1|eve s .of C
the foﬁowml%%esérl 8@}& nu(nESrous S emf éi\f;{éelé arcf):fse )ord(se.rz; %I‘OP/lde a
l evels of JgE in asthnatlcs treat ed Mﬁth i nhal ed

thoro %rﬁd%gapem@wééhemr&}ﬁ {opntign. e present inpsntiog gy hegrragticed
of periostin in asthmatics treated with inhal ed

withogtotorecsilent dhage sigacd®) details. dp ofhgt ingtanees( @pll kapwnnieghastigms
of CEA in asthmatics treated with i nhal ed

have o beércdstebal idgle(il@prdet hotan unoecefsayily tdruisahaipickany @l vention.
of YKL-40 in asthmatics treated with inhal ed

C O shb &l Ye@loRiddferdih Gt tHrdugh®ht thekakiods driwings ARPASER]S refer to
graph of serumlevels of periostin in astﬁnatlcs

like p az : e Vﬁn%g%dllau}{gs iR B d %%g% h@%% & Els'largat{)!iﬁt?‘strate various

serun1|g
P T R bbbt T .
U m seruml (>1OO (K) conposite graph of serum

and notapgiher. greepkphgry qtherydteringieated ohwbers ghesstgtyrg inhggently prohibits
serum | g (<100) and asthmatics having > 100 | U m

incorpeeatiom df glie {eMOE), it if k) bewordsosoddethafrthple fedturce mam Heendeptsd to be
of periostin and CEA in asthmatics having < 100 | U n

include@ /il thele@bodihértd Rplesaiteld msthb brict figuida\aks MOxhey kL fulll ilustrated
serum | gE (squares). DETAI LED DESCRI PTI ON DEFI NI TI ONS

in thob@0Afks. YHI&S SRIIRE Yﬂcﬁceatédietﬁerlﬁgwmgg Llretn%rf A&ceQfari g" foscale. Any
notati ons and ot her sci ent| ic term nol Ogy used herein

dimenglo $ ﬁp()tvg@egfon t&g fiﬁ%%v\{lﬁgstagg ngtelﬁpe ae V\Sﬁ%%qm?ﬂmé . %&g% ?éog)g of the

. ertains. Ipn sonme cases, terns with connnnly

inventionRytdpegly ﬁ%%ﬁpﬁﬁs are defined herein for clarity
and/or for ready reference, and the inclusion of such
definitions herein should not necessarily be construed
to represent a substantial difference over what is
general ly understood in the art. The techni ques and
procedures described or referenced herein are
generally well understood and commonly enpl oyed using
conventi onal nethodol ogy bys t hose skilled in the art,
such as, for exanple, the widely utilized nol ecul ar
cl oni ng net hodol ogi es descri bed in Sanbrook et al.
Nblecular Clonlng A Laboratory Nhnual 2nd. edition

S OA NN\ .
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sequence identity, at |east about 95% am no acid
sequence identity, at |east about 98% am no acid
W(se@u/ameﬂ dentity or at |east about 99% am noPEr/U2009/039039

uence i.den a.reference ept
ﬁﬁfeé%nt 6111V g%q.ﬁrovhd r&groge D 8T1m6 eyp%rxglgtqt &eﬁ%l}ﬂpém r]i%n éfE&&reo
NO. 1 and ot her POSIN native sequence pol ypepti des,
audio §1$@ﬁls 28 mykiaghanpql giggals y The REPPOsGY mehiedspigvidg miqye etfective’
sequence pol ypepti des encoded by a nucleic acid
primagegmbicoedachapogition Hpb pratiiqus candkatiosalrapppeshiescondi t i ons
to SEQ I D NGs: 31 and/or 32. [0043] Exanples of CST
| Mhk pekeera ipainyipe pin bleused ip masy ngy SEQrb&2sNando aipdalet Megoal is to
CSTl native sequence pol ypeptides, such as naturally

separ®€ & Wik iuROoMALi@TESeARPINAD I e R AUSEORMaY, REBpidRSy and
encoded by a nucleic acid sequence that can hybrldlze

ambleéxgcﬁn%]l)oghte[ﬂsnﬂ eélgg lé(%ﬂeggsrefe?t SIBQIIIB.PD%GQ %%nd Lugcgéﬂgprgsggcatwe

es of ypep conpr|5|n

I D 3 and oth ative seque

of the SEReh 2 AT §1eDaE APYer SR Ay T PR St TRy GompoTents refer
sequence pol ypepti des encoded by a nucleic acid

to disgaigueqieEent PRIICESalPr ISHPPIGI Yesalsmedt copptifuisguinary 6ig@pksi ons
to SEQ I D NGO 34. [0045] Exanples of CLCAl include a
p Briypeptint@ncderpmpssifign SEQdi@sikim4 isandfubfdreterd@l-©Anultichannel
native sequence pol ypeptides, such as naturally

upmi>Q CTHY dtérb@ 10takpeakérSe piddudtivhi f¥en & @GLE4S 6f ROANPE BRI H68t right
encoded by a nucl eic acid sequence that can hybridize

louds%% @ﬁérbﬁ%%tdaﬁﬂﬁgl't&hﬁﬁél foPmatsRAsb %J}Qega'sfroﬁt%ﬂt@} and multiple
anpl SEQ

es of CST2 include a pol ypeptide conpri sing

surrounla Ngrear cﬂ%nne r,]et%re :)I' i E!:ﬁ/a%ne lf'n%? ¢ efelpsgl YR eﬁrtocgses%’y which
as naturarlfy occurring Var't

sequence poly es encoded b | ei c. acid,
Slgnalsf@atfah@é ﬂtq%%lﬁgféeagﬂn §hangls Jer 3,y ichaqnel Ff‘@é‘?ﬂuc%‘h%fl gepgaigd from
to SEQ I D NO 36. }0047] Exanpl es of PRR4 include a
an inpypbtgrsepignde Genepallys pmbleSROMEDNRIS Breaysdd ¢t $tejcoPRRapltichannel
native sequence pol ypeptides, such as naturally
upmixoEcynthesige Marduad tinalkdvhidt wilkresdgiremciacipadey pept ioflesvelopment
encoded by a nucl eic acid sequence that can hybridize

for th&!I§i8kerS PHRASEESmM }f&i@ﬂista!r ichBy 96Q th ReNGatd z:ent[ap@fh%hel content to
Exanpl es ofg%ER NB2 |H§§%de % polyggpt|de conpri si ng

stab1h§ggle| f{e%dt\ig Edﬁqgla %Qﬁd‘ en?l’;%g ltﬂéﬁ?s;c/&lgﬁgcmeef ﬁ%l’ﬂ CORE a roach for

as natur al urring varla

uenc e oded nuc. c ac
t%& ééﬂ@ﬁ%ﬁ 183gﬁ<9€ﬂ§4§v Sy DT ERERO8ER Bt gadre %Qght
to SEQ I D NG 38. &0049 Exag% es of CEACAND |nclude a
channgls|tha é?a‘t‘qnéF‘é PaBpgst (1.8 GoyalbEryei ghtaddn gheatve 18P ehameamdgntended
native sequence pol ypeptides, such as naturally
to be lacdiny pnngynatangi fearh Setaredn et tivoepsagueaces tpotalpeptdcdissn music
encoded by a nucl eic acid sequence that can hybridize
tracksirtel @k tr&dt fhaf geténtEaone tHei lof Snd 6 giERahil21NGhS then €8] it to the
Exanpl es of i NOS include a pol ypeptide conprising SEQ

center! Jﬂafﬂgl SthANGpRIaBETs LRSI RRLd M5t LAMERE Bx tPRE¥PERhb@ESapproach is
such as na uraIIy occurrlng variants and native

id I
to ldeﬁt?%l'{ﬁtp ﬁann c%llpe%gg f%ﬁ lanF éﬁe %ﬁrﬁtgétr il Sff[? At \Krl_logllélﬁ]flt cgllgﬁn |a8cr11 go
to SEQ | D NO, 40. 05 npl es. of. ERPINE4 Iude a

1

reroutﬁ &ey@élﬁﬁrﬁt B%seé 8%1"5 ngplﬁ@i §E€§U|OB sRichat {preadeyed osest pair of
SERPI NB4 nati ve sequence pol ypeptides, such as
natural ly occurring variants andnative sequence
pol ypepti des encoded by a nucleic acid sequence that
can hybridi ze under stringent conditions to SEQ ID
NCs: 41 and/or 42. [0052] Exanples of CST4 include a
pol ypeptide conprising SEQ ID NO 11 and ot her CST4
native sequence pol ypepti des, such as naturally
occurring variants and native sequence pol ypepti des
encoded by a nucl eic acid sequence that can hybridize
under strlngent condltlons to SEQ ID hE)43 [0053]

p— ~NS A o o = e
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GPR 05 native sequence pol ypeptides, such as
naturally occurring variants and native sequence
w@olognepti des encoded by a nucleic acid sequenB@fr/thal)9/039039

C hybri di ze un cond| ons .t
loudsipgRers? Y605 BT““ExgrP%"F 1, ngéE)ﬁ?f gﬁ%ﬁ oS EF “’%86‘% e
conpri sing . y 18 and ot her CDH26 nati ve
multichapue setep Joing gﬁpﬁrwé%f} ang franteentehiqyAspepkergcontent prgginally
vari ants and nati vesequence pol ypepti des encoded by a
pannedievaiddhedghi istendennd én thaanulgelrenhgliseivgiusmguhelfrent right and the
stringent conditions to SEQ ID NO 59. [0060] Exanpl es
front @teGEMNdspelkadeand gokenpeftindidy pamed its the@eBEL slrEhd¥ed dsthg the
and ot her GSN native sequence pol ypeptides, such as

caﬁmﬂ@ﬁ&ﬁ@&&%)Qﬁ@%ﬁﬁbﬂgiyﬁﬁbﬁﬁh§a§@%r@ﬁ%'Mﬁnﬁgquence
pol ypeptides encoded by a nucleic aC|d sequence t hat

R R A SIbARIRGh AR bk AT & TR for
d“’mlﬁ%ﬁ&@e%igﬁ@%gye it ng%?F@&ggpggaﬁg%sxﬁwﬁﬂgﬁ p{hE present

occurring. varlants and nati ve sequence pol ypepti des
invenéeie o\fs @rayyous meteedsiresudicirem shepheiree! thragnicygstony ity signal
under stringent conditions to SEQ ID NO 61. [0062]
modeExanph ¢3)-@) siRACHIOND 1B bodiMEME DS thenmtsedeinaention provide more
pol ypepti de conprising SEQ I D NO 21 and ot her
robustl¢RA(IR BARAObnif VA L Iha abik vectss gremeer Ripydaapthediagut signal
such as naturally occurring variants and native
chara&&Ggence pol ypepti des encoded by a nucleic acid
sequence that can hybridize under stringent conditions

t E 0063 Ies 0 DNgg clude a
p%' fgrﬁeprpg 1m8rcl)t nogrt#% €3 négbe NGF 2 Jre iy F F%Ptr’ z&izamblent
natjve sequence polypeptldes such as natural
decompasiiion; FGVIaT  SprOUNPRNIOR B3t hebeliehiinied tp &Pwabtt Ygnas
encoded by a nucleic acid sequence that can hybridize
charagiprdigics granithge desaeibad by ipervsous anegieds| BhiNapigBact] Yjglga pn improved
Exanpl es of RGS13 include a pol ypeptide conprising SEQ
decontos O 2BanalP(dA dbihetcoRREStell Dr vabklyeoseuanaput signals by using a
pol ypepti des, such as naturally occurring variants and

correl A@dr-¥Re8 BRMEAELaNRLYRRAWARS encoded by a nucleic acid
sequence that can hybridize under stringent conditions

ob b g P s B T
expangae, mﬂm@q@%}% A SRR L R b SRlGin BaR by pub paady such tar

encoded by a nucl eic acid sequence that can hybrldlze
the ampfyigrse compPRgEhtcrewrlrt ke bvagEgrtheeaual 6Bhis pargsigused in
Exanpl es of SERPINBlI O i ncl ude a pol ypepti de conpri si ng
conjuiBEQN|vDtINGe 2Enanylumt hentorSERPENB) PCAabides ve thgpeimzay-ambient
pol ypepti des, such as naturally occurring variants and
deconfijlsitiod SR B neDdiYiRe P Thideppeaciotedn Hihe peffodhic€ ofithe PCA
sequence that can hybridi ze under stringent conditions
metthQOlsﬁghnynga@&l mél&@sﬁ\zﬂnlgfﬁ%fmdﬁ%ﬂg entdRittcel BEWHARY Borrelated
pol ypepti de conprTsing SE .Zé)and ot her SH3 ﬁ%
Slgna1r1at|ve sequence polypeptldes such as naturally
occurring variants and nati vesequence pol ypepti des
encoded by a nucleic acid sequence that can hybridi ze
under stringent conditions to SEQ ID NG 67. [0068]
Exanpl es of FCER B include a pol ypeptide conprising
SEQ I D NGO 27 and ot her FCER B native sequence
pol ypepti des, such as naturally occurring variants and
nati ve sequence pol ypepti des encoded by a nucleic acid
sequence that can hybridi ze under stringent conditions
to SEQ I D NO 68. [0069] Exanples of RUNX2 include a
pol ypepti de conprising SEQ8 D NO 28 and ot her RUNX2
nati ve sequence pol ypeptides, such as naturally
occurring variants and native sequence pol ypepti des
encoded by a nuclelc aC|d sequence that can hybridi ze

o s a NN~ 1 1™~ S~ F A1
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al pha (e.g., extracellular domain of |L4Receptor fused
to a human Fc region), anti-IL4anti body, and sol uble
wo b3nemept or al phal (e.g., extracel |l ul ar domai PCD1US2009/039039

I e t or al | fused to.a human.Fc region). [0074
R EREEhELE p%‘?'éﬁearrsﬁeﬁB*Vﬁatl%gpfggﬁiﬁe@mws?86@3%21[186 £ tess
gent that specifically bjinds to human

leaka%ee%fé)ﬁtneﬂr& FYRBONe8E RN a%tﬁga%@ﬁb@n%tharil Hﬂctrrwénf‘éh%ﬁlthough
nol ecul e, an aptamer or a pol ypeptide. Such

not regieirgdy emff';rd@ aelrpdiments theludp diteqiencyotomaimg subliandbimpdementations.
pol ypepti de(s) selected fromthe group consisting of

In preédirddrambod ankdies idaconapositivins Aretyompatqdapin deadycoastitian and cross-
pepti de. According to one enbodi nent, the binding

correl BN inRENHSdt@ c8mPiaBshs! L- 4 receptor al pha sequence
wth an affinity between 1 uM- 1 pM Specific

Cﬁﬂ@ ecept oral pha bi ndi ng agents can
MATHE AL :DAkhﬂNgtor al pha anti bodi es. [0075]

L13 bin e efers to
< pBE Fatlestite g hruel FioR Ry e B g pRdegprs used in the

agents can include a small nol ecul e, aptaner or a
followjag gpdyts @ethodtich pol ypeptide can include, but is not

limted to, a pol ypeptide(s) selected fromthe group

cq&s;;s{tfr}a O(Eogglahm;unoadhe& n, an antibody, a

peptlbody and a peptide. Accordlng to one enbodi nent,

the binding agent bhinds to a human IL- 13 sequence

wirth= an. 8t f i (APtegorsdetiglén 1 uM - 1 pM Specific

exanpl es of anti-I1L13 binding agents can include

anti-| an ol ubl e 1L13receptoral pha2 fused

tgh% gﬁ%%ﬁ FahRBQ#Q% éﬁlL4receptoraIpha fused to a

human Fc, soluble IL13 receptoral pha fused to a human

Faix (Aeeémﬁtﬁd)td ohBX gith &i(Menfrunnihg camelation, wigre X, (1) is

anti body conprises the variable domains of the TNM—650

anti bo [ 06297 The .varsi abl e domai ns of the
TNX- 65 tl%Qﬂg §¢HB?€§%h i?x%f%;fconprising
CNTLRESGPALVKPTCWLTLTCTVSGFSLSAYSVNMVRCPPGKALEMLANIMED

Ls( RSRLTI-SKISPERIMERAE SUFRRESPV DT AT Y Y CAGDGY YPYAVDNVGQG
SLVTV §L@S Q ID NO 193) and (2) a VL conpri sing:
DI VMTQSPDSLSVSLGERATI NCRASKSVDSYGNSFMHWQQKPGQPPKLLI YL

% IXSGS DT PIo8SHOABOWAVYMEGONNEDPRTFGGGTKVE K
QQKIE . Qther exanples of anti-IL13
antlbodles are descrlbed in WO2008/ 083695 (e.qg.,

B and NA—OZG) US2008/ 0267959, US2008/ 0044420
a%§§u§2%qg‘ E 48. = hORELEN ANTX - bhtd3X gcept or al pha
bilm8lf Ky Jagent &% Jrefers to an agent that specifically

blnds to human | L13 receptoralphal Such bi ndi ng

neté%ap(i?r%l ﬁs nsﬂ)rmeﬁigp% &y tgggigﬁ ?}}%a t ar{)errrg)ot%g:ntaX n[(l)c m] or

I|n1ted to, a polypeptide(s) selected fromthe group
each twm&irmtihdtgi lodindatimée meden oadh s Y Flagnsarthé boldy m mdicates the time

pepti body and a peptide. According to one enbodi nent,
locatibhef dhe Rdhdigv &o@hith MaTesirieptrandiviawad dppliéd. Feceph @iven k, the

al pha 1 sequence wth an affinity between 1 uM- 1 pM

I t t I
rans R o AR PPy S SRR AL R Rl Blhae of
ant i bodi es. [ 0077] Amtl-ILlsreceptoraIphaZ bi ndi ng

agents" refers to an agent that specifically binds to

human |1 L13 receptoral pha2. Such bi ndi ng agents can

include a snmall nol ecul e, an aptaner or a pol ypepti de.

Such pol ypeptide can include, but is not limted to, a

pol ypepti de(s) selected fromthe group consisting of

an i munoadhesin, an anti body, a peptibody and a

pepti de. According to one enbodi nment, the binding

agent binds to a human IL- 13 receptor al pha2 sequence

mnth an afflnlty betmeen 1 uM - 1 pM Specific

g, e I Y. O Y e
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Such anti bodi es can be chineric, humani zed, human and
synthetic. Such anti bodi es and net hods of generating
\Vmb@nmame7described in nore detail be|OMI [0082¢nw53mwmmmm

vatoe, G5 Tooc@los R0 BBk SabiEoh I8 brbriBle S S8l gesmapivon o
sequence anong .anti bodies. The V regi ons nedi ate

time- fé?ﬂ“ie’@@htr%tsfﬂﬂ“ﬁao%ﬁ‘aﬂ@ be p3rdl tg BERSTRlE élilecs9 sgtbagd ps%rrt?rsctt iSar
anti body for its particular antigen. However, the

prefervesk thats tine-yreguensytrepposentajoniisused %Qntb@l subbaud gectere. However, the
110-am no acid span of the variable domains. Instead,

scopetolfiéheMn dantidh isnacn Sinsitedo fOthe! fatm /el sygriahveprdsaithtion may be used
stretches called framework regi ons (FRs) of 15-30

includ@hd @ RE]ifiSted %‘cpt‘"i‘tﬁté‘-td%ﬁlaﬁlyreﬁfé@éﬂt&[on% Q9 Hﬁﬂﬁgrﬁfs THe (&S length is a
variability called "hypervariable regions" that are

des1g1§ g%rlgr\lltgte%%h@%c@&s @ﬁtﬁlg Pe 1%h%tan-£gt§s és%?&aﬁrgé ﬁgh e the

eavy and a ns eac

| arge] y. adopt a beta he co uratio connec
Vectorbtg}agrﬂp\ég cws;% to é]Eﬁ eg:)sP Y)a:lltée ot\?a,ﬁa%wle OF ntFri: S%CFS%rs coul%rljlave a
connecting, and in sone cases form ng part of, the
static pedyagre lngty ridtarnately. RgesHgsend aﬁrtabrtétlﬁtlégreﬂé bg fprmed by
each chain are held together in close proximty by the
recursf®s irawtlichwhsetht hreatmepeoithe sighhle as egitan $s Kat erplidieindhdmethods:
chain, contribute to the formati on of the

in thiBdiké g%ﬂabtfd&djrﬂ @reSiot expicitBndskdinble@ by comRtdiatial ofducédssive
Sequences of Proteins of Innunologlcal Interest, 5th
sampl@i buP fal?ﬂér Qfolf%ééhtd?lal%?é'l Yﬂ Qﬁh sh@ﬁdn@ﬂ@tlﬂ lRsE et %ups_fam le is
h, Bethesda VD. %onstant domai n
requlred in corrlT]un% %ﬁthg r{aceu%m glg ngquég cngel?t 10ns %ol %O%lg ute gle current
as part|C|pa the anti bo in antlbody dependent
outpu‘banm]ﬁ aThQ,sﬁtS%‘[HﬁQ ﬂrbtllﬁlie Em-_lj@@)ts qu;{egg@lqen that seygral em{)]odlments of
"hypervari abl e region” (or "HVR') when used herein
the presgheimgentipnidas bamnplgmgaicd ip €y4$ wap svibputaxphisit ibadiiomal ganal
are responsi ble for antigen-binding. The hypervari abl e
vectonsegtiegtartnqeﬁmm;htiqns acpithia else wwpaof the iildvehﬁsﬂr thudst fecmspace
"“conpl enentarity determ ning region” or "CDR' (e.qg.
methodk Qké‘lﬂlp%@ﬂlﬂltusé@s iHcihea1dAsknéded thho a reb@sR6 fladilatdind asgl% tRe/
(L3) in the VL, and around about 31-35B (HI) 50- 6

runmr%_&re?agfe%g T %ggve( {_B &sefui‘@r'%?ﬁéf&'ﬁ%%?@ qd%t(, n‘t% culatltons él%cl%l as those
Ed. Public Health Service, hbtlonal Institutes of

neede#léarqmputeé@uﬁ@g@@s appis furtbemygre aprfpldior ennbliag inpleamgatations that
froma "hypervariable | oop" (e.g. residues 26-32 (LI),

do nob@ehiZe éAplicitdouanBibn 96 sichd)vertors. Adsovit,shawld b2 Groted2hdtldrthpgonality
52A-55 (H2) and 96-101 (H3) in the VH (Chothia and

of vedt@S kn signal Mpdce 15&(911%1&9@0 ﬁfél:orr@élp%nﬂﬁlgalzﬂe) seqhéfe8dbeing
Hypervariabl e regi ons nmay conprise exteng

unangmggivarlable regions" as follows: 24-36 (LI), 46-56

and 89-97 (L3) in the VL and 26-35B (HI), 47- 65

( ri abl e. donai n
o9 08 1% 5&&#&&?&%@%%% fi@%ca%np(tsﬂar%%sesdu%r%eﬁor-
for each of these definitiaons, " Framewor k" or
space npthods ¢ perQEAANGT With eEa \Pa"rh()ébtl@ttr F Rres@YiiaNFaEoRt hag
than the hypervariable region residues as herein
procegidfeigimg dn stEpr 0 bwhrrsl cepultichirmebhmlinsigna neweeiked. InlsGmR 03, each
framework 2 (LCG-FR2), framework 3 (LC-FR3) and
framework 4 (LC-FR4) region may conprise residues
nunbered 1-23, 35-49, 57-88 and 98-107 of an anti body
(Kabat nunbering systen), respectively. In another
exanpl e, heavy chain framework 1 (HC-FR), heavy chain
framework 2 (HGC FR2), heavy chain framework 3 (HC FR3)
and heavy chain franmework 40(HC-FR4) nmy conprise
resi dues 1-25, 36-48, 66-92 and 103-1 13,
respectively, of an antibody (Kabat nunbering systen).
[0086] Ae referred to here|n the "consensus seqguence"
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Monocl onal Anti bodies and T-Cell Hybridomas 563- 681,
(El sevier, NY., 1981), reconbi nant DNA net hods (see,
We@2@9/14d045. Patent No. 4, 816 567), phage di splBgT/US2009/039039

channggﬁgx‘gglhs cg)lélgg’r{e%ég% a tlrﬁg rf][(eguet%cy ngregen]éa]%P 1@ a Cﬂrefrerréd embodiment
222:581- 597 (1991% Si. dhu et a

using gegy DL o9 hoely tho b BT is prateried. the mveatlws nBF B{mts%{ &ys regard.
1073-1093 (2004); Fellouse, Proc. Nat. Acad. Sci. USA

That i3.0h¢ 8%) of oflzes @meifzmnm@ms‘,fqrnaﬁdns_@ei repregdntat{pns is included
| mmunol . Met hods 284(1-2):1 19-132 (2004) and

withirt &e Ragleaditiesinkartiopr dalstep 195, ohannd sighaesatdr iikrmed for each
anti bodies fromaninmals that have parts or all of the

channBL4RINaLNTRGRAL P BEMd R th@ﬁfnCQFqu@ﬂt%/Sreﬁl@%@dtﬁg Lé’?Sﬁ@atena‘ung
i mmunogl obul i n” sequences (see, W08/ 2489

succeéaég.e’ s@t%é?e%%f %u%@%?;%gn@ Irs]%n AI%& 5%9‘%5 {n gl@gg@? VcJL dinfdl signal

Jakobovits 58 19
VeCtO@FB’&é@ﬁ%h“ﬁ 68?1“ Pn in %‘8 Pi; ﬁ%’? g?ﬁﬂf F}gna ?@@‘éﬁ“‘:y Bagg or

Pat ent Nos. 5,545,806, 5,569, 825, 5, 591 669 (all of
subbagid apthartye-frequsnsy BoTesenipioy, g2l 07, p Brimpet GRPONBRS vector s

5, 545, 807; 5, 545, 806; 5, 569, 825; 5, 625, 126; 5, 633, 425;
deterraingd qu@sédh ﬂmﬁnelafrerdtok/asikg VattOIastp,aceBimth'ﬁde buvdl as gyincipdlijomponent

779-783 (1992); Lonberg et al, Nature . 368 : 856-859
analydid 894hnodi¥tenti brsMBreoNat &I BlodifR8PCA 8ilidraBl A n{bléd Hecomposition;

Fishwild et al, hbture Bi ot echnol ogy . 14: 845-851
Ortho%c]-r?a? @mbl%é@i’sﬁ%x " &n gﬂegtl 6¢, hROLAB¥nce éoq'npd%gﬁt Vector is

96) and Lonbe g and Husz I'ntern. Rev | munol
deterrﬁin%c:i)’ Ifoﬁ egél 81 t)or al 9]16% er;arrrl1 e ne%(r:lltﬁe chanpel rlt Ie?toog Iar?c% the
pec cal
|nnunoglobullns) %? ortlon of the heav
Primag,eHTRONERGYFCIOEHYER thaé R T1ahT PUPER SmaesRu V@@f&& (defegmined in
correspondi ng sequences in antibodies derived froma
step 1@ar ztn'dctEq: ambigpeciarpaventoeicon gdatgymincdaniapt 0@ uisaqual to the
anti body class or subclass, while portions of the
originnkchahmd eectof. Matheatadtailys )hisi Sedodpotitiomkambd dxpoessed as
honDIogous to correspondi ng sequences in antibodies
0 r speci es or bel onging to another
4%%@y qﬁ% ﬁ%class, as well as fragnents of
such antlbodles so long as they exhibit the desired
wherehii0h 0Barti@l index, ikMb b YreqhbnSy iRk emtis Noimedn®kG, 356 ] is the input
Morrison et al., Proc. Natl. Acad. Sci. USA,
81: 6851-.6855 (1984)) Met hods of making. chineric
channghydctssd P&, 7al 16 tenRihaIy $OmpenelYt vectpoaB A, Hranihg @gnbience
forms of non-human (e.g., nurine) antibodies are

comp&kHnfBEdt6r. ITARRPATN ARY biiRSry AdIBINaei@RE lbMpeiaitdst tBé
fragnments thereof (such as Fv, Fab, Fab', F(ab')2 or

decon%o!gfécﬁon%% J)Igﬁ)%a%/ Hl%ﬁﬂ%ds ﬁ&ﬁﬁﬂ s%§er9f rﬁl%dulﬂglgtg &fidse

\ contal n ni-ma sequenc rlved rom non- unan
modi%ﬁ%‘ﬁ%so%wép%dﬁo S AT o Rty it BRI Gponents. 1n step
ti bod in which residues from a

113, tb%mfr: taeqifigd eRIMRANEN iR PIORied o ¢ SRy rieg algpigthm which
reci pient are replaced by residues froma CDR of a
includee a-chunranoss pedie ésqaoyaionamnt ¢dophnentsuct tage-dovge signals. In one
or rabbit having the desired specificity, affinity,
embodiffEn€ ApERblfied LBmpoMERtd 436 bavidg, to k\terfde AR WK thn@ 9iithBut any
(FR) residues of the human inmunogl obulin are replaced
by correspondi ng non- human resi dues. Furthernore,
humani zed anti bodi es may conprise residues which are
found neither in the recipient antibody nor in the
i mported CDR or framework sequences. These
nodi fications are generall yimade to further refine and
maxi m ze anti body performance. Typically, the
humani zed anti body will conprise substantially all of
at | east one varlable donaln |n mhlch aII or

1 a4 .= o a1 o s I L, 1
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three CDRs specific for an antigen) may have the
ability to recognize and bind antigen, although at a
wo oven4@ffinity than the entire binding site. POD®S}009/039039

. "Fupctional fragments" of the ti.bodi,.es of the
partiepgt By G ARbE POBEE Piefiarh08. PR o™ PEME s ety eeope of
. polypeptide with substantially the sane affinity as
the inygiion iy igandeq, fq cooRgiale Wibh aBLTutabledrdrting rlEoREm dp gome cases,
derived and are active in at |east one assay (e.g.,
the repgemingingiighinjugifre-pEE thendodigiad as marspangaaomvient comphnenss fon playback.
nmouse nodels or inhibition of a biological activity of
In othtReit afightginribitathddong®ntets Uifeerantyi tb diteréitadapback channels.
vitro). [0094] Antibody "effector functions"” refer to

PRIMATOB A MBEQTiIStaN AACDEVIONIPOSALIDN but abl e to the Fc
region (a native sequence FC region or amno acid

S n
e RREIE Atk plfiEE ROk ScBpoBRLY BERHercBankPlak be
effector functions include: Clq binding and conpl enent
expregigdaiident cytotoxicity: Fc receptor binding:
ant i bodydependent cell-nedi ated cytotoxicity (ADCC);
pkRgocyt.csPs;tddown regul ati on of cell surface
receptors (e.g. B cell receptor); and B cel
aggﬂvatgqgﬁ Az native sequence Fc region" conprises an
am no adid §eqdence identical to the amno acid
sequence of an Fc region found in nature. [0095].
where pedndefyt ateghie keft and right shagagls ehthe stedehtignaly Poand Py are the
"“honol ogy" with respect to the pol ypepti de and
respeciveipbi@thyy 8@?@1’&%‘1&3 andlgntahd i hrd ge@bReépondiiianferdSoimpPenents.
percentage of amno acid residues in a candidate

sequence that are identic ith the ino.,acid . .
" I0F SERE R A oo Fapg kel b RSnd B SR apdio sienals or
al i gni ng the sequences consi dering any conservative
subbagd bighils it # tme-fasjupeaytrepfesert@ionewbendke ladentase is.typically
Al'ignment for purposes of determ ning percent am no
preferable Gn gRgthenitee-fre@rhty yepeasntagordgilol R e sorhélseparation Sr Vayition of
that are within the skill in the art, for instance,

he sighl BmPURhisCEW AR h@RhS- SR B naBRALIMRE 15U Nh@S the task i
the st LAST, pdé%Ass,T{}iz/V,e ALI%N oI? Megal isggﬁ‘a( DNASTA| ))S(gg’ftméfe?tas 1o

estimz;“;g fRs rf’nlﬂrl laﬁ&i aﬁlgie'ﬁp Sorf otneﬁfs‘ !%Old eeatcll’?r MAN& glg) h ORfe %‘ilgral idea in
paraﬁ% er & Fofmeasur g a |gnnenf, I 'nc éﬁng 3%y
al gorithms .needed to achi eve maximal ali nt. over
the m?‘l“Fg efimatiqngy B%P%‘Fla{yrf‘émg)é)&ﬁ‘étﬁ deliephup ﬁSare%ﬂ%EP@d%e %&ﬁhly
pur posesherei n, however, % am no acid sequence '
correlpigd fgxcent forthgsgseaykerg a maimpre spuies is dardpangedyienpigsent in only one
conpari son conputer program ALI GN-2. The ALI G\-2
of theshgures} and drap thei agdrient ooqppd@mtypn ol @m dasnduthvmidbe mycorrelated;
Cenentech, Inc. and the source code has been filed

furthefhbie, he§iinth¢ L ihBleh Qb pdntME withth a Gapichhiel KdulLws
Washi ngton D.C, 20559, where it is registered under

v viight Registration No. TXUS 10087. The
unaﬂA&ﬁ%iég@progran1is publicly avail abl e through

ent ech, Inc. ut h San. Franci sco | ifornia..The
AR S PR AP Gt PR oB RS ™ 98 SN X
operating system preferably digital UN X V4,0D. Al
psychggrquetifs s cBpyRsFGeatipn phdiffesressis arlated & infgrayaksignal g 2
program and do not vary. [0096] The term "Fc
decorredgiooh Teanpeiustiog(ip dlay pepieivelberatief et diffexgngpoints in a room tends to
pol ypepti de, such as an anti body or i mmunoadhesin (see
definitions below), which conprises an Fc region. The
Ctermnal lysine (residue 447 according to the EU
nunbering system of the Fc region may be renoved, for
exanpl e, during purification of the polypeptide or by
reconbi nantly engi neering tthe nucl eic acid encodi ng
t he pol ypeptide. Accordingly, a composition conprising
pol ypepti des, including antibodies, having an Fc
regi on according to this invention can conprise
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identified by those that: (1) enploy low ionic
strength and hi gh tenperature for washing, for exanple
WO 2@284d050di um chl ori de/ 0. 0015 M sodi um ci t r aP€T/0S209H/039039

sodi dodecy ulfate at 50C  (.2) .enplo urin .
ve und 3D GG P ik Bl Tratiatiss g R SR 0 B ggyero i
for exanple, 50% (v/v) formam de with 0.1% bovi ne
often addedin herripduction PEAREES) col |/ 0. 1% pol yvi nyl pyrrol i done/ 5
O sodi um phosphate buffer at pH 6.5 with 750 nV
s bpigay whinprovgethe pgtfermagedivfipringiry rambacrddedp@osygiong §yr spatial
overni ght hybridization in a solution that enploys 50%
audio fapplivanbele vaisous eSiiGatiéh AfprddchaCire ptoveded WhislmdinliRe scalar mask
citrate), 50 mM sodi um phosphate (pH 6.8), 0.1% sodi um

methdd¥ (QROSHRAGHEmaR ahdfRRRMIH: cSmpOidatd OPa cRRR is%%ﬁleﬂe estimated by
sal non sperm (50 my/mM ), 0.1% SDS, and 10% dextran

.sul . with ' iin 0. ..
ol ok Bl e echicpRode Ml ettt Bl it dopfons
. 1.nut e hi ghst.r.i ngency wash .consisting of 0, 1 x SSC.
direcr[SR g R REPBIHAT AN L e pBHRRY 3h AaPieFigyectors for
conditions" can be identified as described by Sanbrook
each chanpgl such\ibpidhe megeldn s hi-#g canbe Bsdeatrseificlapual , New
York: Cold Spring Harbor Press, 1989, and include the
us® of Xwashjng-ea, ution and hybridi zation conditions
(e.g., tenperature, ionic strength and %6DS) |ess
st x\i ngent_ t hat se descri bed above. An exanple of
n&%eraﬁéryp§ﬁYThggﬁt condi tions is overnight
i ncubation at 37C in a solution conprising: 20%
wheref or adhd g ere the prri®@8@E l(rmsmcmw,ﬁa@qd 4,5angivhe arnbigudenumit vectors, and
citrate), 50 mM sodi um phosphate (pH 7.6), 5 x
! Ui Qn %, dexit fa
where SRS SRELVERR I Fn 6B I R B i B B v
washing the filters in 1 x SSC at about 37-50C. The
compgets Iy acsaiing therasRypRHNS e et glie yplgvectors should
tenperature, ionic strength, etc. as necessary to
satistwthesantants factors such as probe length and the |ike
[00101] As used herein, a subject to be treated is a
megymel {e-¢, , human, non-human prinmate, rat, nouse,
cow, horse, pig, sheep, goat, dog, cat, etc.). The
sg%ject4nay_$e aclinical patient, a clinical tria
vollunt éerz an experinental aninmal, etc. The subject
may be suspected of having or at risk for having
ashhma e e di agnosed with asthma. According to one
preferred enbodi nent, the subject to be treated
according to this invention is a human. [00102]
"fHeat i%adk o "treatnent” or "alleviation" refers to
measures, wherein the object is to prevent or slow
such tavhe ptimaserompdnentt asigeitiee a pamhehdgily caotigded sancoind the
di sorder or relieve sonme of the synptons of the

variou}iifef-86thpontR08:€hd gAnNEG G ofditibhieat RRRFied N6 btd@rsE@hdition, an
i nclude those already with the disorder as well as

as sumg?!agﬁ & d[ﬂﬁ@é’]tﬁatt &11£ ggﬁs fgfé{}ﬁin%rg ?51%& isoa.rctiL@ fioife it\{;o—\méaﬁqlefsﬁ &nal; in

I sorder 1sto ente SUbjeCt or manmna

. .successfully "treated" .for asth if,.after receivin

this gt ST ARE N R L GERIPGH pRLop e SWhant iei b HeRlacdudiey
patient shows observabl e and/ or neasurabl e reductiaon

represeptaien gysh ache ghorghigmediourigy dansforpy ds 4cbf|ap‘@gﬁ:qﬂj 1n that this source
recurrent wheezing, coughing, trouble breathing, chest
ti ghtness, synptons that occur or worsen at night,
synptons that are triggered by cold air, exercise or
exposure to allergens. [00103] The term
"therapeutically effective amount” refers to an anount
of a polypeptide of this invention effective to
"alleviate" or "treat" a dil8ease or disorder in a
subj ect. [00104] "Chronic" admnistration refers to
adm ni stration of the agent(s) in a continuous node as
opposed to an acute node, so as to maintain the

- Y Y e . r Y Y 1
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[00110] The foregoing witten description is
considered to be sufficient to enable one skilled in
W b@9asdo41 0o practice the invention. The foIIomPﬂgUSﬂmwmmmm

e.of fered for j tr ve Wi
assumgﬁa"Erf@orﬁﬂ%kelynt?é’ﬁasﬁd% ol RS b R i R
i nvention in an . I.ndeed, various nodifications of
domainfgenialsy Eihfenghat; ﬂf\{e ﬁaleﬂli KoANd &x tdsbBRa Srodimensipraksdgal prage, it is
herein will becone apparent to those skilled in the

neces@i{ td ddRIdEh@irdcBibagaitsige deme kignhl @bspuad iffthé thryd érftidgohd1Ry
scope of the appended clains. Partial |ist of

cond1ﬁ@1fs@6?[§-§ea§e tolbe il Tlﬁirs exEursiBe prbbleRAMOBS in that the decomposition
ne05|noph|I|c ast hma: a di stinct cllnlcal and

probléf‘f?gsqgs:r? gncf“er% gt? n% qlﬂl%% }Efgc%%ﬁ)le)%%y 1i|gr 19 Vé %r %pactlcal

.-13 receptors and signalin t hways: . an eyol vj
apphc\%%ns 15 cgpqug}eé)gu@p dgvie |s01%9 @g @{bpégyenti) esgg%eog]@ this
quiz 691. 3. Berry, MA, et al., Sputum and bronchia
applicgtipimileans Hie qonmql@ramrpﬁrte 18]t SAMpANEIS tbeters A theesdgriah ppspace@re
bronchitis. J Allergy din Imunol, 2004. 114(5): p.
restrictdd) Ge Qutil&ingHenb@positidd yecedrs athich dﬁhéﬂe dtededeasprilasar amlghation
messenger ribonucleic acid encoding IL- 13 in the

of the Qﬁ‘l%ﬂﬁlh lslghal mé§t@§sa IiPfhe ¥ AR CerfbBidliMOAbPdk $re%é|1m i8¢dnSioW dofhe of
asthma. J lergy Ain Inmunol, 1997. 99(5): p.

these glfﬂg?g%ﬁahg coﬂ_gt Iﬁg'areﬁelax&f 1%n %ﬁ%gﬁ%ﬂ on of airway

y quantltat cyt oki ne mRNA

1 of asthna patients. Thorax,
Qﬂilgggg__gﬁ?§§ FE) 2808 6. Saha, S. K, et al, I ncr eased
sput um and bronchlal b|o sy IL-13 expreSS|on in severe
asSigdhspage g&aqr@qt@ypr@quﬁs f Hfﬁjﬁ]o\psuagggg)n qug(ngl) ecBmposmons in that
685-91. 7. Yuyama, N., et al., Analysis of novel
the codicb¢ias eelateirahipd bgeres therwabipommmmneagtammm@mkfi avglent. In the
2002. 19(6): p. 287-96. 8. Wodruff, P.G, et al.
followaR$ 4TI, devepd] Akt drhpighitiche Dhicdi cassi @pl-b ek igadbmerey, Ifo@siigSon
associated with asthma and with treatnent response to

WhlchC&ftf(lé &91%&%&1%' if 355) @g 9 haltedAqade @%beéﬂv@ aﬁpromz- As will become

9. Takayans,
v 0 e
clear, t}f a?%)h%: E}I)pr aclﬂg %Je f&%{gpneﬂfaﬂ& ad?ﬁlgéfsd‘ll%ﬁf%\;z I&l nlatLvefgp?{ I%Sthg
. J Ier i n ]l mmunol, 2006. 118(1). p.
Pﬂma@SgTs nt signal ppade g Fgetﬂ“mnéii al., T helper 1 cells
stimulated with ovalbumin and IL-18 induce ai rway
hypdiitess staberaie hidgs2 sraddipgrag HlpHrasiap seegmpasiogahen aadig signal
| L-13 production. Proc Natl Acad Sci U S A 2007.
into piliod(y3ah)d anpbiedt4d6ipoidéhts Using Blianpdiapohpoents @talyais.in atdordBice
i nvol venment in eosinophilic esophagitis: transcriptone

with chR@kibdtEmenn df the\pedsShtihldritidn Wi Plcglze@)om@ ingedV-dbieht
Allergy din Imunol, 2007. 120(6): p. 1292-300. 12.

deco ﬁf&'n%ging tﬁnmpﬁf dﬁlllaﬁ)oneﬁgl ggls &g}%ﬂ%ﬂh&i MHGHE;. 2%)), the PCA

erpro ion an rmay yper r esponsi veness

deconwglogdn Ei(g%(%ﬁs &10 ed lgtacﬁquglc&’ﬁ%ﬁ]a%{e eeln}%yg{%%ﬁ ogfhed)resent
cal cium acti vat ed chioride channel as a shared target
inventi¢n s teyBIaVR hriacARagdtiahel yreerplgtcdrinpds ity d(wd tes an
in asthma. AmJ Respir Cell Ml Biol, 2001. 25(4): p.
exmnﬂ8©f9ﬂsH@dﬁwﬁ&§b¥d®wan$ApnﬂeunaMr§UDhgg@Dnthgﬁaﬁyhha
usi ng focused transgeni c nodeli ng and functi ona
genomcs. J Allergy din Imunol, 2005. 116(2): p.
305-1 1. 15. Ray, R, et al., Ueroglobin suppresses
SCCA gene expression associated with allergic asthma.
J Biol Chem 2005. 280(1 1): p. 9761-4. 16. Sabati ni,
L.M, et al., Tissue distribution of RNAs for
cystatins, histatins, statheérin, and proline-rich
salivary proteins in humans and nacaques. J Dent Res,
1989. 68(7): p. 1138- 45. 17. Lindahl, M, B.
Stahlbon1 and C Tagesson hbmdy identified proteins
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Bi oi nformatics, 2004. 20(17): p. 3246-8. 27.

Kelly-Wel ch, A E., Hanson, E. M, Boothby, M R &
whe@gamo4A. D. I nt erI eukin-4 and i nt er | euki n- 1BCT/US2009/039039
g .Co qfctlonsunagsp_ X

ATRPIE
G BaS|c nechanlsns of developnent of airway
stYCEEUIEP VaHaH@Rbqdimet Ahie PEEantR%‘éFB’IUPnﬂth? grimgmgargbient
(2007). 29. Holgate, S. T. Pathogenesis of asthnma.
decongiosiiomipdegingnef vig ®ringpal @mpopraosg pnalgds. Posheyusedto Rnd the
Beasley, R, Wlliams, J . H & Holgate, S. T.
primaSubepirtwigth bdst Exgldiasite multithwmnbriopaiignal cansdnin et ivbih
Lancet 1, 520-4 (1989). 31. Ferrando, R E
repres'éﬂt@ @lgﬁlﬁﬁﬁtchs]nnel Bnterdiddy thSleakt totalFRBMualknergy- acfoss all channels

Wodruff, P. G plylng stereol ogy to neasure
(Wth% Qbﬁ&@‘ég&bsetgfﬂﬁée '%gb@ gﬁg{féhﬁ.” %nngﬂﬁ-.lawl‘vlé;w;a%gﬂbed via

. donez et
PCA é&) nt aH&? ‘ii‘ta’é%d% Tl?F %HIP?A‘}WOB]QBP%}“ EO |ﬂFe Vot fput
perpl asia and abnormalities in nucin gene
Channéfﬁ{ PFedaeiaHnedayn grtfeagsial projactiorante this aome@n psipary gector; the
(2001). 33. Martin, R J . et al. The Predicting
primaRespoprsents dod thi shrehsCharietost ¢repity dellinicendylly &RIeCEyd). In the
trial. J Allergy din Imunol 119, 73-80 (2007). 34.

followA@8 ZEPC A DasedWi %cb[tﬁllﬂ&m pimaryFrhbiedit, deBompésetich offmulBechaknel audio
Longphre, M Effect of an interleukin-4 variant on

is giveifel POBRY-BRH ROBLibLE erQﬁ@%&ahﬁe@aL&"s%%l&ﬁ@' I enge in

asthnatlc patlents results of tmo phase 2a studi es.
L 1 7
Rggtl%?}’r 1esm:)n ﬁ"arg ﬁiﬁi_scrllil 916) pnézhrae ﬁl%‘qlent %}bcqn&p%ltlon of a
perl nt al sthna SC|ence 282, 2261-3 (1998)
multi }@Palgn usRe RYNCIRah CEMPRIRRFSANgYSTsc e mceﬁsetzﬁg&scsv step
of aIIerglc asthma. Science 282, 2258-61 (1998). 37.
301 wherepsionltichanne] audisgignal is Rcelvgbyjnesteg\,&%g the agdigj dhgmyie] signals
G Inflammatory subtypes in asthma: assessnent and
x,[n] idebhidricdad b GimeBéqi@nd NP eLehtSoH XMk, Mg 8. tgh@ghe SIET. In step
54-61 (2006). 38. Wenzel, S. E. et al. Evidence that

evere asthma.can, be di ded ol o .
305, e S HEAPEHY LaBt %ngafehasaﬁ Fh S B %850# &ancancawnaﬂng
clinical characteristics. esplr Crit Care
SUCCESSENT, salmbaf :8n ptepday.. a senal Wﬁ%whoss CopmNEAIe Hhg: cha@ﬁl ﬁ?‘ﬁ@fs is
of the perS|stent adul t phenotypes. Lancet 368, 804-
formed 3 The 0@B31. coti@latiBe mragrix M coatpugdd. in PEpROP odginoting fhesigmabmatrix by
and i nhal ed corticosteroid response of eosinophilic

X , thaRerr&1afloLR8HXOR RoundGs 38 ENORY JThQE 8KdBdies %h%lg@lgeqpﬂl)s ose. In
41. Pavord, | . D., Brightling, C. E, Wltnmann, &P

o Y8 BSOS CBR L A0 G g,
McKi nl ey, L. et al. TH17 cells nediate

deterrsined.oTbiis desiistnasitzemicctoa goirespbadmmtthefpramgpabeonmpgonent”, and it can
hyperresponsi veness in mce. J | mmunol 181, 4089-97

also b 28883d tofa3-thd1gdrRiRI eidenvbctoER Inhed g 3R, the o sdia®Prdijéttion of
asthma. J Allergy din |Inmunol 1233- 44 quli z

each %41%3%@6&[810 91&% ﬂK eli%f:ng&gf if 1&&11‘}}1316&%11'%]:18??‘[%‘46%1 ag:gl;é prﬁhary

chroni c asthm and chronlc infection. J Allergy din
compdmamt frwlthal ©Fann§P 5MEED (1200t JambidGice Doingemeny for@chvhaghel is
al . A novel nethod of gene transcript profiling in
ai rway bi opsy honbgenates reveal s i ncreased expression
of aNa+-K+-C - cotransporter (NKCCO) in asthmatic
subj ects. CGenonme Res 11, 1473-83 (2001). 46. Innes, A
L. et al. Epithelial nucin stores are increased in the
| arge ai rways of snokers witsh airfl ow obstruction.
Chest 130, 1102-8 (2006). 47. Centleman, R C. et al.
Bi oconductor: open software devel opnent for
conputatlonal blology and b|0|nfornat|cs Genone Bio

Y. Y Y. Y. Y. Y o "~ -~ _ 1P
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57. CGordon S. Alternative activation of macrophages.
Nat Rev | nmunol 2003; 3(1):23-35. 58. Anderson GP.
wepaotiyging ast hna: new insights into key pat hB@HnSm09/039039

comp%ﬁgy él.}l%?agglﬂg hae p%o y f@fhpglgetn goerncF U3 ugcllgfig 33? ﬁro e orlgmal
Evi dence of a. roIe of tunor. necrosis
Channfﬂatftcar gﬂlB??agkiﬂerrleﬂreaaédeWl rgeagiirg thay iEpRyne ngRentpes the
- 354(7):697-708. 60. Takatsu K, Nakajima H 1L-5 and
primagoeinpypiant yegtor @ud the@mmencmmmcpnezm O8:toI0(aB)be2BBrmord ageach
1. Zimermann N, Hershey GK, Foster PS, Rothenberg ME
samplEhi@nark isidsthate xpiitin fermad oo p&prdinmyeanid rieiat tompoixat waesors is not
chenokines and IL- 13. J Allergy din Inmunol 2003; |
requlﬂe(ﬁ o) fhg ZrhpRaienfbA; Hdh ifiglemEh@a8nFRE evltﬁ-lf) thVREFe @F tifOvention.

Kay AB, Robi nson DS. Eosinophil's role remains

In ste]g R ?f rt{lcag g?glhl;blﬁ]&ltégél{qﬁ%n& a%e ?mv}/deezmta @}L_ﬁ—eérocess%% a?d

20 167(2): 199-204 Flood

rende%ﬁé%&e E DB “ieonuigR of Redisalg D gD plipary and
safety and effjcacy of nepolizumab in patients with

ambicH HRIPRANSN TSRO tERGEAPMHB SIMALS.- Am J Respir Crit Care Med
2007; 176(1 1):1062-71. 64. Baril, P., et a
Pdi hb@&kfllbdﬁn dlnﬁrBSViﬂlnvtaIgnizemh!HStearﬁd lces bs taﬁc@ outf by computing
pancreati c cancer cells to hypoxia-induced cell death:

a full i@k defonipsitioatand theRtseldttinl BB tarbdr€ eildBlkyabat Mdayrresponding
Oncogene, 2007: 26(14): p. 2082-94. 65. Kudo, Y., et

elgen@éctor o’%’%& SR af&oH{ {EBBI? ﬁle't}{b\ﬂ%l'lé?&n%ﬂgr the dominant eigenvector is
anchorage [ depe dent growth in the netastatic process

deter egad 1a gn ne glqr(l: eE[ el ga\pe% or caR els)é a quxalm6a§ e@ectlyel and
“%5‘5 % 8 “ﬁu iCQImgRt CIEERVeR pridss y
periostin_in hunan breast cancer J G in Patho

efflcwz]@loré)ye@cf@)mg 1 infgh vector B, aglitersfing tha fRllmang gess: et

al., Periostin is frequently overexpressed and
enhan I nvasi on and angi ogenesis in oral cancer. Br
J &ancer 2006: 95(10): p. 1396-403. 68. Sasaki, H , et
aI , Serunrlevel of the periostin, a honol ogue of an

se_ﬂ%cell adhesi on nol ecul e, as a prognostic marker
|n no Il cell lung carcinomas. Cancer, 2001 :92(4):
p. 84 69. Sasaki, H., et al., Expression of

erlostln honnlogous w th an |nsect cell adhesion

As thetg |sispt e FoRE8CH: EIGROS ' COMMEFIGSIO 1 doBHDMgIgenyesfar (the one
l ung cancers. Jpn J Cancer Res, 2001:92(8): p. 869-73.
with tﬁ@lar%’éﬁagcnvahle) veith @faster Ebre»eageade Fehade@taleshbidad of the
| evel s in patients with bone netastases from breast

correl Rin Iﬂgttrlxl B9 %)aqg@ C?ﬁls e&fc%%% NGEE vRBR sTﬁc%%tniy the dominant

2003: 77(3): nrya A.,
elgemgeg:?c of )%EI; rrlleeg § XIID rrlen%grlﬁoar; bg t%ct ?an)l( 10 Opsllt%q'] %fl(me:fu}d’ sucfé]:en flpproach is

mmunol 2003 225(2): p. 91 100. 72. Chu et
Preferable n lEmERtAtes Whaee coppytaiion ar? FPSPHESY HR S\Hﬁﬁg‘smw determining a
circulation of patients with severe asthma. N Engl J
full exyigit epp0 Ae@BTREBGion qan bp@empRRAtiondly doptly. & practicaltstating value
| mmune cell transcriptonme datasets reveal novel

for v, I8 Weoeyitn SERSEiS Pedirke s nggnesndNlatge NS mASEe tedh@dipal
Wit h allergic processes. J Allergy din | mmuno

compREi R SEH G P BTURE P e Pt Rl v methons

receptors and ion channels by using a high-density

ol i gonucl eoti de probe array. J Allergy din | nmunol,
2004:1 13(3): p. 528-35. 75. De Filippis, D., A

DAm co, and T. luvone, Cannabi nom netic control of
mast cell nediator rel ease: new perspective in chronic
i nfl ammati on. J Neuroendocrnénol, 2008:20 Suppl 1: p.
20-5.76. Reed, CE. and H Kita, The role of protease
activation of inflammtion in allergic respiratory

di seases. J Al lergy Clrn Innunol 2004:1 14(5): p.

PNNT A NN e A NN PN
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Ai rway Tissue Bank [00112] W studi ed biol ogi ca
sanples stored in the Airway Ti ssue Bank at the
wohiogas®iuty of California, San Francisco (UCSF])CT/HS\z009/039039

had..been coll ected durln roncho [ .
for copgiafie Bt e lefEaE R A LA e 287 R i Gafhisalf mitea o
Resear.ch bronchoscopy had |ncIuded col |l ection of
the mefgpesHpglaged heiss chﬁ@@ethﬁ%t% KElsryEaIahe dapampet pigaryectonare
bronchi al bi opsi es using specific nmethods previously
withinjéis sedpge thieginvagjon. BAL cel | counts and differentials
had been perforned and dat abased, and macrophages had
b&enths awb-etlainedoasBAhé tuiireht iisiengort powidey b eimgtle ylos&d-fdrm
Four to six bronchial biopsies had been obtained from

solutlgl’ﬂ SR RH @RI Nei BT oMM NGE of AR VeAdi %érﬁféétbr ipré&Dmation

brushi ng S|te) formalin-fixed, and t

methdd@" faef dt ?qutﬂg?.sﬁf@téi 0&8 5?18{)&/ hﬂR'féPﬁdM g&%ﬁnt dec%mposmon

orien e quant I tat I ve asur e

I L i i n .
of twdjgl%qnaglwa tgléogﬁg gdsg?gnﬁ?%%pa? g%%'lt}s)o tsafa&la ytstsoﬁ[ge prpcess begins in step
bronchi al bi opsi es_had been honogeni zed and processed
401 wheie ayR-¢hanpg) apdie sggnabisicNess yn fienRP 1thg aydig ebanpglesignals are
Val encia, CA). RNA extracted from epitheli al
convebted sda tigs;frdypamyanpitesstaionb Xo bic ] aind b ggsing se.g.anthg the STFT.
| avage macrophages had been quality assured and
! for re rr n e
In ste;g4b$’1 l‘t]l% (,ergss—é;ﬂrfefla%olﬂ ‘?[g]h’%L?lgna? oo%c%geg%/tf S%CBU T% ng] %k m] are
approved by the UCSF Conm ttee on Human Research
compytegiRy a prgfetredempedimenely he recarivaiadeiyaeducs serapwadors meod
all subjects, and all studies had been perfornmed in
describet eartiande stwptd71 the 1gpgesn eigpheducaxphesiged comelhtien matrix is
Decl aration of Helsinki. The Al rway Ti ssue Bank
com@@%@gedy@ﬁ%uwere aleo reyiemed and approved by UCSF s
CHR. Sanples of epithelial brushings and macr ophages
frontthls ti ssue bank h ve been used in preV|oust

k}r;%t(]?E g ksini gﬁjéc[é}? oJ'f_1 ef“eitl % E}?%g]!e es

in eplthellal br ushi ngs |n ast hmati c subjects have

In thlsbrgtgﬁlloa &RO Lo tg‘s\foﬂjg‘f til? 1aT%t : e%é‘r%]ahﬁ: cﬁ tl;é;@%félﬂt&)ﬁstﬁagng ]gan be

nt1fyrng sets o ts wt

: ect to the nnlecu hani,.sm un .
carnew HEF dlregﬁgr) \Rléli} g tl?ﬁ qog‘mltop é‘]HaIétﬂH:s {:ﬂlélpal’leg R SER 98§ a1¥ci c?o%s not require
i, nf | anmat or pat hol ogi cal and clinical phenotypes
explicitarrartioarqf sharnebyeciorestsigimh SwiiEs. ofe CPF?@{) o gtirctlagtep 409, the
new anal yses on our previously generated epithelial
principdldompooersaectayisdaitnegd anordwe tbhen suppl enent ed t hese
nem;analyses mﬁth revi ew of additional and detailed

ghg zd|WQ% rgﬂprlﬁgnzndhnﬁigﬁ g%[g test

react|V|ty) fromthese sane subjects and newy
In songeerabertimdntd athis, pringplalichimgpnei Yectpe meyeheprommslized in step 409
profiles in honogenates of bronchial biopsies and
althouh\tkie i eriot RREIE PN Ag@Bed. ( Ini stepoiialn tHetpainhar ¢ cofBASAENESare Hetermined
subepi thelial collagen and airway epithelial nucin in
by prdlé Qs th@inpli GBI €8ctofsiohithe hiR@bal BN Hictdrat&inglio cel |
yp(goungs |anAUB§H3nan Subje%tgggnd&%aﬁéles [00114]
Subj ects with asthma (N=42) had a prior physician
di agnosi s of asthma, synptons consistent with asthma
confirmed by a study physician, airway
hyperresponsi veness (defined as a drop in forced
expiratory volume in the first second (FEV 1) of 20%
or greater with inhalation of <8 ng/nL of nethacholine
[ PC20 net hacholine] and either. 1) synptons on 2 or
nore days per week, 2) b-agdni st use on 2 or nore days
per week, or 3)an FEVi <85% predicted. They did not
take inhaled or oral corticosteroids for 4 weeks prior
to enrollnent Fbalthy controls (hh27) had no history

Y Y T T T Ty T
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cytocentrifuged preparations using the Shandon

Kw k-Diff stain kit (Therno Fisher Scientific, Waltham
wO/R2)09/14douT t y-t wo of the subjects with asthma WeeEUS1089039039

enrol |l ed i gkdoi | e-blind random zed controll ed

clinjca n;ak, o hal.ed fluticasone (500 neg BID) or

ngzik hpiﬁ %ﬂ% |t|on to the inclusion criteria

above, th SE’SU } cts were also required to have

ei therasthma synptons on 2 or nore days per week, or

b- agoni st yse,op ® or nore days per week, or FEViI <85%
predk ohge. S[A,m]the clinical trial underwent a
basel i ne \irsilk,mh asel i ne bronchoscopy as descri bed

above, were random zed to receive study nedication and
h underwent repeat bronchoscopy one week | ater. Then,
WOCIS hey continued study nedication for a total of 8 weeks
with scheduled re-assessnent of spironetry and
met, faeteb|inechalklehge testing. Al clinical studies
were approved by the University of California at San
Fraggi ce C%gm?f ee on Human Research, witten
i t obtained fromall subjects, and
al | studies mere performed in accordance with the
pglppm ed in the Declaration of Hel sinki
oa ys s and Morphonetry [00117] M croarray
dMafroman noder at e non-snoki ng ast hma patients
and wheig theediviskan on. [§mokismyosetsg égalgst\ﬂmgelaebﬁeu lzerd [%.ydris Below a
previ ous study as described [8]. Methodol ogi cal detai

certaif MffedHofd, %ﬂrﬁﬂarg %Bﬁp@ﬁé%t @o? Qlaa}{ ahd AP hseasglfﬁrﬁ’éﬂ 4 Bﬁro GRRE. In step
ExpreSS|on Omi bus public database, can

413, t@«? %ﬁﬁl% ol?lllgﬂyolﬁ?nt?taretcﬂ) ﬂﬂ%d' s%lbtr%ﬂlt e[fle h;gﬁlarycgg}%)élﬁnts derived

or ma CCESSIO

. M arr dat a was anal sed in the present study to
Hl“°%éf£§ Eg gﬁ%ﬁ@@“&ﬁﬁéodlfferentlalIy regul at ed
wi thin the asthnatlc ﬁ{oup. Al so, the mcroarray data

wak [landl=yX elt, b Belkenfri ne whet her ot her genes were
co- regulated Mﬁth top asthmarelated, IL- 13 induced

g T | -time PCR (gPCR) was perfornmed as

g@&iﬁdeg§ﬁ oﬁgﬁymi45] using the priners and probes

in Table 1 (|. ., multiplex PCR foll owed by real tine
ThoseRERledrnn ¢lioNAt sgeillieeatgatrephas diu etrsg impledadi8lionstihe puommetyr domponent

anal yses were performed by applyi ng desi gn-based

vectoSiBe hiBnt OcAnpdhc RN A hé adteldin@bat@ScH §LMpI€aak m such
subj ect as described previously. Specifically,

that e%?&tﬁ?fé@mﬁyfn dJf ?) 'nr%&‘ﬁr Md DASEMEYm JTRERNRBG il hStkr%SéﬁedV‘ﬁ%he

Int rome 3nm sections u5|ng

ort hogonal, i nt ep tho cin co nt

implei AT R s RF B igab el PEEL RpFES B,
sectjons using point and |ine intersect counting

inveniien NP He] I Sriarars FREANPiRY q?a&sonfmirq@?wm%aaway
preprocessi ng was perfornmed using RVA with

proceBingcandd ardesing afgonithyn whieh iselutess eonvarrjon of thvgeqency-domain
statistical environnment. Unsupervised hierarchica

primagy ugl@nbiag coapopans miarechewddintagh sipeal&Euc! i dean nmetric
with conplete linkage. Al other statistical analyses

| NGbAikNEAIR iR RN ArIFRErsthfl gt S rd MBS AtthstikRalonto the
anal ysis software package (SAS Institute, Cary, NO) .

princip@ i hoBiE FLERRTL Eciape TRARELARIR £tk AesPBartor jnstanee by
was performed using Spearman's rank order correlation.
For significance testing of PC20 and serum | gE | evel s,
data were log transfornmed for normality. A p<0.05 was
taken as statistically significant and sidak
correction for nmultiple conparisons was enpl oyed after
initial three-group conparii8ons by ANOVA Table 1.
Primer and probe sequences for
gPCRCAGTGTCGCCATCACTGTICTCCAGC probe [SEQ I D NO 107]
ALOX5 RT-f or war d ACGICCACCAGACCATCACC [SEQ I D NO 108]

S A AT NT" NN P N NVT™ NI P N 77 A [ r~r—r~ 1 A NS
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Tagman-rever se AGGGAAGCGGTTGCTCATC [SEQ | D NO 126]
AGAAACCCTCTGTCATTCGCTCCCACAT probe [SEQ ID NO 127]
WETOOGEAGT CACCTAATCACTCT | L1rn RT-forwar d [SEQ’(F"DUNDD9/039039

CAA GEENACCA CT. RT- rev SE
exXpreg iy G Qe T e S Ppsient
NOC. 130] AGATTCTGAAGECTTGCATCTTG Taqman- reverse [SEQ

inventi® N@ot ddikd VEECCACCETGT GRBRAGANAATPGA0 bE tHeSEQetDND the
132] ATTCAAGGATCTTGCTGCCTTT LTA4H RT-forward [ SEQ I D

signaliNGhtokBSbriffAry @n&ioment] MeMdd kB velohi OJectlon is
134] CAAGEA CT GCCTTTGA agman-forward [ SEQ |

Withlfk%g %0 B e e@%@ C&%@%@@ML §5%1{<}@6 to use the
o B R R A AR

%Ellcatlon clainms the benefit of U.S. Provisiona

PAT@nt 1SApSEioE dtagkn Blstratigg premayambien degampasitiy hoasken
31, 2008, (attorney docket CLIP300PRV) and entitled

principald:aptpioveltPariah}sﬁw-Sdgml enttoDECloiyposinpaad ofto Araliagy component
Signhals, and is a continuation-in-part of U S. Patent

505 apphbieadd @mpd@aent ING, antldi 8 vdbér, 5031k aebopipodEd Biko prdmary
2008, (attorney docket CLIP189US) and entitled

comporV@€ 5 anParSeNRIDRGInEATS 1 P ATREY diAhEMbistrates, the ambience
Deconposition of Stereo Audlo Si gnal s", mhlch cl al ms

compére%t g(ﬁzgfog%?g@??&sﬁep Ig} n&}\%gﬁ(%n % dﬁg]g %%ncg component

5111 1s- Or n?&g@iﬁ%%&g&g@g%% d@%%egﬁe primary components 505
Deconposrtlon of Stereo Audio Signals", and which is a

and 5¢baeicalliaesion- i n-part of U.S. Patent Application Ser.
No. 11/750,300, filed May 17, 2007, (attorney docket
CIhPPERN B compdsiant bdtisEids thSpaitiaay cduchional p domgraBa $Echndnhe
Uni versal Spatial Cues", which clains the benefit of

primakd-EmbRhOMkifc0R@l ty E’@ﬂcﬁﬂéns&@ph) tdoffiruo8ba. Newever, the constraint
60/ 747,532, filed on May 17, 2006, (attorney docket

(8)is Aol R aPRRRYihe gétllma‘?éd a{rﬂlﬁeﬁjdest:%ku‘&%%lﬁ§ al‘%fa.cﬁ‘ilaﬂg B?l‘ﬁﬁgar (with a
|ncorporate y reference in their entiret or all
D OF THE. | NVENTI. 1. Fiel
nezafj CBRRR RS A B GG ST BLRnE TP B P of g agopblefiitand e
audi o, si gnal processing technl%yes More particul arly,
primagy,dompinaaeessympridash npEode et s apnipird qurestlmates the primary
deconposi ng audi o signals into primary and amnbi ent
compeismp oniba tlecontosites c Wiptd tha POA mhdoRpraiday afrerceptually compelling
Pri mary-anbi ent deconposition algorithms separate the
primarey@naieat fod mabanauekl bhiiidis 8igntRf 0 ussedaisauhddsys theem
the primary coherent sources in a stereo or

shortc@H{lﬁgSQH %r};@ﬁéraﬁélgd)rﬂﬁhlg NRlthe fgnbﬁlﬂgsseb'@(ﬁfs Uc':orfe@ﬁv@ﬂl@’[h%ds which
enhancenent (SUC as | ncreasi ng or decr easi ng t

leveralgk 'tlYeeﬂ’rdrf‘)R z)§1§11ar)? E?Iﬁ?&‘[@?{: gs)[lmalﬁembﬁb&{pqgveetﬁg ﬂp%o pO\gﬂlt%hg?li vcr:leakly

nce Ion 1S use enerate 'syn

surrou i gnal.s and spatial audio coding (where

correlgied pign P“Hg?ﬂﬁ “are needed for primary and ambi ent
signal content). CUrrent nethods det erm ne anbi ence
C ARSI} AP HW DA J HOHIE l'lby app| y| ng a

real - val ued nultlpller to the ori gi nal channel signal
such that the resulting primary and anbi ent conponents
for each channel are in phase. Unfortunately, these
techni ques sonetines lead to artifacts in the audio
reproduction. These artifacts include the "| eakage" of
primary conponents into the anbience, etc. Wiat is
desired is an inproved primary-anbi ent deconposition
techni que. SUVWMARY OF THE | NVENTI ON The i nvention
descri bes techni ques that dan be used to avoid such
artifacts as the "l eakage" of coherent sources into
the estimated anbi ence conponent. The invention

provi des new net hods for deconposing a stereo audio
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signals. In preferred enbodi nents, however, the
incomng stereo audio signal is initially converted
wo c@oi1as0tT me- donmai n representation to a PCT/US2009/039039

T‘r;[?l% g?&—%%sgg glﬁll’}’lglFf icrl éle{lp c?etcRglpP 3 §IE geﬂlté"g%la gle assumptlon that the
comonly referred to as the short-tine Fourler
primagy cRRQSERY if Seipinant. d4hen RisdhHigicags ab Hemanepiho igaidings, the
signal is windowed to generate franes or segnments of
primagyoemepananlt extBdelinn ie pertepiusiiveampadlipe Hoovaved thenPE A gecomposition
wi ndowed signal frames to generate a frequency-domain
generdlbpurele entimkicd theafmdune oS argbiahcecamet gn tnosmedkedl yfwienghe two
t he wi ndow function renoves fromthe current

channBls Cﬁ?@&?doﬁglaft&lc(ldlid ?Helre 1@ lﬂb t@e%ﬁﬁ{atry Eérﬁﬁoﬂeﬁﬁ)efn\ét@bd of 1dEﬁ‘t@fy1n g

tine-domain S|gna franes are space at a regu ar
v SRS I D SR R e

Its n.the distrjbution of t an forne
(whic C%%POB@SetP t%e PR H“ftyVGStPr 1 g ES?P&?POSP% By @66%‘3%%1“@
For each signal wi ndow or frane, each bin contains
channghasrihe ssendiiy cpmA’ReNY QY el corsrspoRds te Hhgrahicriegma verpten. The
that frame; a tinme sequence for each particul ar bin,
PCA iscnlnuse:éepmllyd/iahg only whagfedomeraofe pwsumptisi goldd, iwi whlem/\m‘;
is analyzed to separate the respective bin's signa
correl §@8H &JREridiA bR R W @ chahfi® sidALR, RbFArY (L&‘LQE i8ABieBhbone. As
conmponents. This proportional al | ocat i on rimry
and anbi ent conponents is based on vector-space
|¢LR| aperahé¢orso, thnpriimuyraebitntalesdropesitice el imbted be beiger estimated
resulting primary and anbi ent signal content to

by co?s?@e?fngttﬁe §ig§al & ﬁ@ ?I%Erlell\gr anporlét{{af l%ﬁs %ﬁ%r%%h %{llég%stts an ad hoc

n severa
nneI nal s are deconposed into primary
‘ﬂomﬁ ﬁ?ﬁ% BH@ﬁWg Min order to satisfy selected

orthogonallt constrai nt The audi o signals and
si@nal i;onponenvs+ar,é, }wéa%ggpas vectors to enable the
application of vector andmatrix mathematics and to
faC|I|Late t he use of diag illustrate the
oég}atﬁ@ﬁJQﬁJPh@fb@nﬂ%U§ Jiﬁg§|lén According to
varlous enbodlnents a princi pal conponents anal ysi s

vaf e referred to as
prlnc{%gﬁ dﬁgﬁ?ﬁgﬁ%lig E%R?Where "conmponent” is

si ngul ar), haV|ng a novel closed-formsolution is

Wherep[flg ¥iirs(ii ?egmtsﬁglp%t alillﬁgl %) c%r%gﬂ r%g to tthre] %sgp&gflé % ecfj fl%) primary
Compgniﬂltnn C Iﬂﬁghfégl[téﬁ? té\%@é?%ﬁ{ lglr(ﬂ) h%d&ii)n%)é%ééﬁq?ﬁgﬁp ﬂ&: rleﬂlg:%tlve modified

~dom nant ei genval ue of the channel signa
ambieapeerapaecnisn PBxandadg apdhediryige Agl spmer@@eﬂ)rﬁéc manipulations yields
correspondi ng ei genvector as the principal direction.
expreskivns fprr the aiqolieddirineaty iaot amdehor comspdneutsdn &sma ofeieginto@chl
average of the right and left channel vectors. The
compPidnf@ry conponents are found as orthogonal projections
onto the principal direction vector, and the anbi ence
conpo& Tts are found as the correspondlng proj ection
r dgidb=ls. The resulting primry conponents are fully
correlated (collinear in signal space). The resulting
anbi ence conponents are al so collinear and are not
ort hogonal across the channels. An aspect of the
present invention provides a nethod for processing a
mul ti channel audio signal to determ ne prinmary and
anbi ent conponents of the signal. The nethod incl udes:
converting each channel of the nultichannel audio
signal to correspondi ng sulband vectors, wherein the
vectors conprise a time sequence or history of the
channel signal's behavior in correspondi ng subbands;
detern1n|ng a prlnary conponent unlt vector for each

N o - e r
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vector derived by principal conponents analysis in
accordance with one enbodi nent of the present
w0 nooensdoan. DETAI LED DESCRI PTI ON OF PREFERRED PCT/US2009/039039

ENBODI NENT ef arence will now be nade in detail to

pﬁ@gékzgd+ihggdﬁﬁents of the invention. Exanples of

the preferred enbodinents are illustrated in the

a Qgpﬁ ing drawi ngs. Wiile the invention will be

dggbr H@%?in conjunction with these preferred

enbodi nents, it will be understood that it is not

i it erldgtli t+dl +ppil)p. t he i nvention to such preferred

enbodi mrents. On the contrary, it is intended to cover

alternati,ves,. nodi fication and egui val ents.as may be
The bR WS ARt thebaicr PE iR teuiiai Ang AbieRte Kihipghents by

.as defined by the appended clains. In the follown
reassigiag spipe Phihe oFigHst Buidegrosirongntde the anabighcs Cgaxpoaﬂwgw each

in order to provide a thorough understandi ng of the
channpk esent invention. The present invention may be

practiced without sonme or all of these specific

demaixiasple of this merdifiasP@Acesompitionkin dwpic e ¢h BIG. ), where it

have not been described in detail in order not to

shoulW DO ERESHA thé ¥sRRIEHEBLIEAR dhGDaBts WREHifi@Mly lIdss 85@Mh@d than
be noted herein that throughout the various draw ngs

in the?d% d%ﬁﬁ{oﬁkiﬁlﬁg [()?E%ﬁe C#(%f.] !([jﬂ.f 1 ﬁq'lrs%gglg-lggs?s i\ﬁafcia%utﬁat thia aP%roach

raw ngs i ScCri herein are use

.llustrate various.features of the invention, To. the
providgy ol AnDEHERUS! BAF f bR EAEFS el P SPrEl B vgRe The

~drawi ng and not anot her, except where otherw se
modifiigdc(cA RBRroash Yiplds @ betier depompesitien ham BEAnkor yngsieshitest ergweakly

i ncorporation of the feature, it is to be understood
correlafedinfubhsigealf.eat ures may be adapted to be included in

the enmbodi nents represented in the other figures, as

I Drihbeyn nebiéndel Basislixpahdiat ed in those figures.

Unl ess ot herw se indicated, the draw ngs are not

n ri : [ :

B ! g SR QTR P R st Ry and
ambie%ggyng%frfen{sql%i sV, nntaﬁ—gcrfap % ol e0|n¥11 4 l ﬂ)ilégéerb%tsfs\ﬁ%%%%%n%ary unit

pr es I’ NVENFEI one pr ovitdes i oved primary- "anbiten

deco sition of stereo audio signals or, _nmultichanne
veetodegivat £y PHAGIPYr O FROBEN Rt BiS INGICEVIlaRe Crfieongs qelqdipent of the

primary- anbi ent deconposition than previous
preseidamvedfib.onal approaches. The present invention can be

used in many ways to process audio signals. A goal is

t @hs epavdinens desotied @rofiousiisdenotippovidx adpdommsition that explicitly

2-channel (stereo) signal, into primary and anbi ent

satisfie@ IHROMEALSannNIM B ce GRAMBEARMNEScInaftRIn ih 08)NAh W Bative
background audi o representative of the recording

embo@?ﬁéin{ ONIRA hat Wehriied \/C%B{bgfl%fté 2R aﬂggrsé%gﬁlé)?%iﬁa? by directly

I mary conponents rerer screte

sources; for exanpl ocal s, may constitute pri
consBPREFE amisnge i B 7 R SaiBbel £F oh b i SRhdhormal
_signals is useful for stereo-to-nultichannel upm x
basis foy ghesti @b sulspads hBakess is dpriviieh d18t f or mat consi sts of
front left and front right |oudspeakers, whereas

standaan I@Hqgannel formats al so i nclude a front
céH@er‘Fé%yﬁﬂtr[ple surround and rear channel s;
stereo-td!nul'tfchannel upm x refers to any process by

whi ch signal content for these additional channels for
a nul ti channel reproduction is generated from an i nput
stereo signal. Cenerally, anbient conponents are used
in stereo-to-nultichannel upm x to synthesize surround
signals which wll result in an increased sense of
envel opnent for the listenet. Primary conponents are
typically used to generate center-channel content to
stabilize the frontal audio i mage and enl arge the

i stening sweet spot. One approach for center-channe

o e - a ] e - " .




10

15

si gnal s. The enbodi nents of the present invention
provi de i nproved performance, e.g. |ess | eakage of
\N@ﬂMﬂHmwwtonponents into the estinated anbi enceCT/H82009/639039

which™® I?B%rgl %LB@ nﬁ)&enca E)a%lggudlcp o%s arriéj 8%b1?18’e?1 Wéﬁ]brsg)ﬁa{j to either of the
npl ement at i ons. referred enbodi ment
input aée%ﬁﬁdléﬁhrrrmrg 1£F1’é> IEP}Hﬁt&né]é affs ubly uaa%%r%h%&mawn%ﬂm
crosscorrelation / inner-product conputations.
vectonyATHIERMTUIdALs reQURlDAT I VENS 1TFIoé theoligrald thgmedduest | ons
define the rel ati onshi ps between the paraneters used
| Tht babicatd bainderianadry simsismaifhedsteps:LRst X1 Krthbgonal basis for the
(correlation) rLL = XfX L (autocorrelation) rRR =X R
s1gna1)§u52sﬂa@éjfs%ﬁ§tﬁﬁ:lte@tdsﬁfg)a Gradm-Schmldpkdeeds) (1- )X L (1) *X
R(t) (running correlation, where X (t) is the new
sanple at tine t of the vector X) T "LLRR = 1 112
(conrelgt+ coefficient) (" LL " RRRR .) =projection
of X L ont L* R = projection of X Ronto X L Wen a
signal is transforned (e.g. by the STFT), there is a
cgggonent L, ﬂgﬂor.each transformindex k and tine
i hddx fr T ARt He: STET case, the index mindicates the
time |ocation of the wi ndow to which the Fourier
wheret g ansfubsenuaaisy applaliedd. Hon, tacmbginge nnk vedthis are datsfioned by
is treated as a vector intinme, i.e. sanples of X [Kk,

rotatif th@GrimHNERdb.8Rd a range of nval ues are
concatenated into a vector r epresent at i on.

principle, any si naI deco Slt% or tlne frequency
t sf gnaglon co u lt 6" geperate these subband
vgg?or ] ( E@d ? ty a tive-frequency

representatlon sed for the subband vectors.
However, the scope of the invention is not so limted.
whereCt her forns of signal representation may be used
i ncl udi ng but not l[imted to tinme-domain
represent ati he sngnals. The vector length is a
)gn %ra x %tors coul d be instantaneous
val ues (sgér rs) |n mhl h case the vector nmagnitude
corresponds to the absolute value of a sanple; or, the
is useggtbisehsice olilydroteesetha GsaratSchmadt bayimawdhcthhtethgtdsulting ambience unit
Alternately, the vectors and vector statistics could
e f d o) 0
R s S A R M S i
in this case, signal vectors are not explicitly
channglis dresaRpsey U bR Mgt SRGHINGRAMNIRNCE 81t VECtehafs) eeﬂm%rmumt
rat her (for each channel in each subband) only the
vectordarivedvia IfpAr the BN enil gectaquiataged inrhis algouition doa tonits tebust
the recursively conputed correlations) to conpute the
perforensncefir cotitlated (sampdsely prinese) isfutlsigdlsi n t he rel evant
arts will recognize that several enbodi nments of the

pﬁﬁ@% ankl%ﬁ%ﬁéﬂﬁ@fén%ad?e chBpl enented in this way
wi t hou exp icit formation of signal vectors; these

i npl e tlons are within the scope of the invention
i prpyha f’ z3p e~qﬁthQSyaqe inplicitly used. It
shoul d | be no ed that & F ecur bl vé fornulation, as in

the running correlation rLR above, is useful for
efficient inner product cal cul ations such as those
needed to conpute correlations and is furthernore
useful for enabling inplenentations that do not
require explicit formation of signal vectors. Also, it
shoul d be noted that orthogonality of vectors in
signal space is equivalent to the corresponding tine
sequences being uncorrelated. FIG 1 is a flow diagram
depi cting primary-anbi ent deconposition based on
vect or space nethods in acceedance wth severa

enbodi ments of the present invention. The process
begins in step 101 where a nultichannel audio signa
'S recelved In step 103 eachchannel srgnal is

o T | o o e o o . e - o
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nodi fications correspond to gains applied to the
pri mary and anbi ent conponents. In step 113, the
w@oaentdoat | y nodi fi ed conponents are provi ded PCI/ES2009/039039
renderigg al gori thm whi ch includes a conversion of the
f uency-|dqpai n 1€ S J time-domai n signals.
I& ne{aggogﬁﬁe%ﬂ,B?Egﬂﬁggif%zgg%onponents are
provided fo a rendering al gorithm w thout
..anyparti rity as to the type of rendering
Wthha‘iaé Fisfﬂﬁf%e%r?ét is, in this enmbodi ment, the scope of
the invention is int nde? to cooperate wth any
szh%able_[éﬁégﬁﬂﬁﬁé efarjthm 1In some cases, the
render ifig- i ghf yst;>re-add the nodified primry and
anbi ent conponent’s “flor pl ayback. In others, it night
distribute the conponents differently to different
pl ayback cha ng“§aﬁ RY- AMBI ENT S| GNAL
DEXDOVP@S| FHENH-+5—stipl est form a prinmary- anbi ent
deconposition]eﬂﬁ%a;tereo signal can be expressed as
(1) xL =p L +aL (2) xR =p R + R where xL and xR are
the left and right channels of the stereo signal, p L.
and Slgﬁl&ﬂb%ﬁ Aré4 Re- rlégfﬁéew%gnﬁksiarﬁaw Celaﬁlﬁwﬁe%tﬂ $mbjgage hesis
and aR are the correspondi ng anbi ent conponents. The
expany®@a tcoefBickchtsaid akR ohewi] sodtdntingh il WREreheif theinpit sginail are highly
ti me-domai n audi o signals or subband signals in a
correl%l%gtet;l% ?@‘gﬂ%ﬁ;&%ﬁﬂ‘%{& %ﬁﬂ)@&&?ﬁ%{l%? %a}tnrbee J@&,&F Is ag@%%alization

eféerablein me-frequen

repr.esentati on provides so separatjon or .resol ution

of thed?gﬂ[lﬁ@t@iﬂ sqribg Hb%fh%ﬁ%r : e“go\?é‘ﬁ 0 H%Edd'r(# %Wiléﬁ%?lé%cmn that
signal nodel of (1)-(2), then, the task is to estimate

the anghienggcommpyerd nethagAvabinis ebyays senred have. Seaersl expaimies of signal
signal. The general idea in the nodel estimtion is

decontjuaitiopnismartlis oahpamahimbiencd hsistapproattameellsstalediih dFlG6; note
highly correlated (except for the case where a primary

that tHRQUiHEnck ToMPOAbRALRB@Rthogorl inplle&e&t 1n only one of the
channel s) and that the anbi ent conponents in the two

OTHIER EVASHPI be uncorrel ated; furthernore, the

————brrﬁﬁry—gggggggient conponents within a single channe
shoul d be uncorrel at.ed as wel l.. .These assunptions o
DDt B ARRE G PURCREs Pbits NSEERH 7 SRR fomnopiion.
psychoacoustics (in that perception of diffuseness is

The prigiagt @yl a0aPIEHICOPRAPENts sindivandiyitigly aodificddy achigysglesired
acoustics (in that late reverberation at different

effectpoFertexamplea thegorhi¢nen gsmponmtuare onhanced mddeyerahembadiments. In
studi o recording practices (wherein uncorrel ated

one, tid @nkiendeqv@ipfontists afetiosaddad addedtbaek pr @thigdl ipéihary components.
process). In order to inprove the performnce of

In and?dr RIBY I ARG ARE 2 BRARPQHFINCAS afdnhaR@lli@hcBdl Preverberation
appl i cations, various estination approaches are

Covi C . | : o . ‘
otteet KGR Tyt SR OBl TRRA RSB oedIB B fnbience
compgtlgglpsgtlfﬂjejasrp %i:f%iséér{}g(tagl%]{eg c?r}llals g{q%%gr%ﬁtggglag ; nsaallre kaJu}‘{en%a‘[ed and

correlation conditions directly in the deconposition.
addedhyek pnQrigingl painary compeentsy Sugh swrnrgssinds Ripdiadetonmi t

vectors for each channel such that the nodel in (1)-
derevérByracamefbectf urt her specified as: (3) xL =p LvL +a LelL

(4) xR =p RVR +ta ReR . where vL and vR are the primary

unit vectors, eL and eR are the anbience unit vectors,

and where the expansion coefficients p L ,p R,a L and

a R describe the level and bal ance of the conponents.

I deal Iy, according to the assunptions di scussed

earlier, the unit vectors should satisfy the

constraints: (5) vL =vR (8p3e?eR =0 such that the

primary conmponents constitute a comon fully

correl ated source and the various inter-conponent

orthogonality conditions are satisfied. In the first

o - 1 a1 .
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deconposition using principal conponents analysis is
perfornmed. In FIG 2(b), the PCA deconposition in FIG
waQtap/1s@4nodi fied in accordance with one enmbodP@BIE2009/039039

the esent i.nvention so as to inprove.the .
o BRBEEFRb M hESp Sl ol ok &Y Spifany copponents is

. illustrates an exanple of this nodified PCA

implegigpisHn 685 $5281014- 3 08¢ ¢rPlIRIERly HigIRFingsY FRINAPREA!s are boosted and
si gnal . Pri mary- Anrbi ent Deconposition by Principa

addedtueb tndatoriginal gebisngke dorddthgr ensbodamemuthe enivwdy pempeneofs are
the present invention, the primry-anbient

attenud@d @mppsdstéd) and sddtdtbackrina@tbivilanidneei Pappresimpariniisary
analysis. PCAis used to find the primary vector which

comp&fsts d%lé&lnﬁbs%ﬁ it Roratinbé GanRelechiiuls dSt@Mal c&PiBE RRked in one
i.e. which represents the nultichannel content with

embo%i&ﬁelnk ﬁ)?%du&:ﬂ%?gh%g:%hg)%ﬁ%ntg REAYaoRE Eﬁﬁ:ﬁﬁ%ﬁs channel s

corre e anbi ence I'S approach).

T rimary vector determned via. IS co to all
o TR P S et Fartyon i ohehir ot Puposes of
~various input channels are determ ned via orthogona
clarityspflgjnderstapdingnit ovitl e SPRBeRrdbat seildHa changss pgt mogdhisations may be
primary conmponents for the various channels are
practitduewihiy tioddopa ebithe @ppenidyd cloime| Ac@ddinglynthe Ipeesent embodiments
foll owi ng, a PCA-based al gorithmfor primary-anbi ent

are to e Conp@std hoiMustatidlahd abelneakt vl dhdtheSn @invief i t@be limited to
cl osed-formsolution for the twd-channel case is

the de@’aﬁi}é%\%ﬂ%reiﬁlb@t n%g ibe nfodi i@y RRANhe &ﬁ)gié? LaPERGV GRS of the

primary-anbi ent deconposition of a ti channel audi o

mnmna&gcghnysing princi pal conponents analysis. The
process 'begins in step 301 where a nultichannel audio
signal is received. In step 303, the audi o channe
signals X [n] are converted to a tine-frequency
representation X [k, n] , e.g. using the STFT. In step
305, the tinme-frequency channel signals are assenbl ed
i nto channel vectors (by concatenating successive
sanples); in step 307, a signal matrix whose col ums
are the channel vectors is forned. The signa
correlation matrix is conputed in step 309; denoting
the signal matrix by X, the correlation matrix is
found as R =XX H where H denotes the conjugate
transpose. In step 311, the |argest eigenvalue |p and
t he correspondi ng dom nant ei genvector vp are
determ ned. This dom nant ei genvector corresponds to
the "principal conponent”, and it can also be referred
to as the "principal eigenvector". In step 313, the
ort hogonal projection of each channel vector onto the
ei genvector vp is conputed and identified as the
pri mary conmponent for that channel. In step 315, the
anbi ence conponent for each channel isconputed by
subtracting the primary conponent vector determned in
313 fromthe original channel vector. Those skilled in
the arts will recognize that in sone inplenentations
the primary conponent vector and the anbi ence
conponent vector can be determ ned at each sanple tine
m such that explicit formation of primry and anbi ent
conmponent vectors is not required in the
i npl enentation; such inplenentations are within the
scope of the invention. In step 317, the primary and
anbi ent conponents are provided to a post-processing
and rendering al gorithmwhich includes a conversion of
the frequency-domain primary and anbi ent conponents
into tinme-domain signals. Those skilled in the arts
w Il recognize that step 324 can be carried out by
computing a full eigen deconposition and then
selecting the | argest eigenval ue and correspondi ng
ei genvector or by using a conputation nethod wherein

R | I T e e o, I T I 1
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In some enbodi nents, this principal conponent vector
may be normalized in step 409 although this is not
wepbitegiotty required. In step 411, the pri maryPCT/US2009/039039

conponents are determ ned by projecting the input
CLABRMSnal vectors on the principal eigenvector according

towhere rvL [ ,nml=v[k,nf X L[km rv [  m =v[  m |

,mM rvv [k,m =v[k,n H[k,n] and where the division by
What isvNaildednd: 1s protected against singularities. If rvv

[k,mM is below a certain threshold, the primary

conponent (for that k and m) is assigned a zero val ue.

I t ' S ar -

U ERp AL pfaEs ML FIRR A AP ONRDN S E JERMRHL RSNy gnd
ambieht ocompdrensraf ghasagnadithmlethodcompdsing: to: LL[/:, m =

XL[ k, m - PL[ k, Those skilled in the arts wll .

ré V@ﬁtilrzgeeafﬁ aﬁqnﬁp%ff}ﬁ%n} hapRsh 2utip Sk ak REOpFiRvaripe subband
vectosOWRGBRNKe V&GER "coﬁgﬂsé DEBmRYDLRACELCANBRNINhe VERHANsi &AM

be determ ned at each sanple tinme msuch that expliTit
behavigrimatirgpoadingsitiangs; and ambi ent conponent vectors is

ngt, required.in the inplenentation; suc i
o ShishEile Sy Do BR AT Eohb P PR  he scope
OtleteARINkHRVRHhAr9 RombpBndit @8ctdrk For da0R afdib PRANNeRIHCadNBII»ARd by
_ conponent's are provided to a post processing and
projeqtiag dlesy ¢hagned Isglehrand yast@hpith thapimaesompenen: &Ny iveetonf t he
fr ney- LRI A na ien en kNt o
¢ OEEHERIRE TP RaPS B R En SETRRER Tl ey
subbatd dethstpasidetidnatsitiing; gndoj ecti on of the signal onto the
princi pal conmponent in step 411 coul.d be i

| > npl enented
i Adiastiienbe Palgrcafepycenrtpe primanlenlie yrees thgepgiate modified

prima &Rﬁﬁ&ﬁ%&%%#ﬁ%n&%&in a closed form based on ot her

uantities. e current invention is not limted with
regard to the manner of conputation of the projection

of e signals aqntqQ the pripmary conponent; any ,
c 8n%ljﬂ1?? AqUeas Trdter g CQ’B“ ﬁewggréyq tﬁf“‘ gEB‘raEﬂ CRIRPQBHnY it vector for
cach sbbdHdNistRRrSERAG YOS pridifhal BB HeRNanal iisSHTRe corresponding subband
i npl enmentations i't may be preferable to use the
channgbyacoaeh descri bed above for the sake of conputati onal
efficiency. FIG 5 is a vector diagramillustrating
pri mary-anbi ent deconposition based on principa
COMPRNBIhSd AR Adcited fr clBndNalhot &6 RS babthte i Sadi@EQNRQS &S dance
__into primary conponent 505 and anbi ence conponent 507,
with agmepsgiegfdhe Jepingprcesgdhe prigaysiopwoaenti nt o pri mary
conponent 509 and anbi ence conponent 511. As the
diagramillustrates, the anmbi ence conponent 507 is
odt Magemahod B redivdph chgh B, ¢aepindabalafd, is adidstteuch that when
anmbi ence conponent 5 11 is orthogonal to the primary
the megshzsaH db dapiganqge (i ithrapriifiy, COPPENEIH ARRIOYChes #pien B tPsinE gy and
ambieﬂﬂgorﬁg&leﬁ{s%r&ﬁﬁlohffféﬁ% conﬂ?ﬁn R5h ageeg & tthgptﬂﬁ §i%hhlsig lm?t?rely
the primary conmonal ity constral nt ES% and the
ambiept.i mar y- anbi ent orthogonality conditions (6)-(7) by
construction. However, the constraint (8) is violated
in that the estimted anbi ence conponents are actually
c8l Thd@dthol W titdd AN ¥ 8vikRLih ShAht Qe offtHE HHRIARESO the
when the input signals are not highly correlated (and
primatheomyprdnentr gprigeprinds hicéic gssgelapon orelldoest hepyvechdhelghannélesubband
CA approach overestinmates the primary conponent in
he deconposition. Wile the PCA nethod provides a
perceptual |y conpel ling primry conponent for many
natural audio signals, it is necessary to address
these shortcom ngs in a general algorithm In the
foll owi ng sections, corrective nethods which | everage
the PCA primary conponent estimation but inprove the
deconposition for weakly cefrel ated signals are
descri bed. Modified PCA Prinary- Ambi ent
Deconposi ti onThe PCA-based pri mary-amnbi ent
deconposition relies on the assunption that the

P
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in the PCA deconposition of FIG 2(a). Infornal
listening tests indicate that this approach provides
wapompioavenment over PCA for synthetic test siPeEUS20a9039039
typi cal nusic audio. The nodified PCA approach yiel ds
a better deconposition than PCA for uncorrel ated or
weakihy nedliddedsat@ediin Pldim 91 gRalemh thObLIAARGOR alljubBB k& RE® achieve a
~ Basis Expansion FIG 6 is a diagramillustrating
desired eélepiostng resanofucted aydigy vemil-gnal into primary and
anbi ent conponents using a signal -adaptive orthogona
anbi ence basis and a primary unit vector derived by
pf7i Abk padth@onperiedtis chimloy hereinthabalancain adjuwicd ko an® attenuate
enbodi nent of the present invention. The enbodi nents
the angPieneeicBBPOPTE W BUEIRFCH hoPrHrSOdwOaeconposi ti on
that explicitly satisfies the inter-channel anbience
orthogonality condition in (8). An alternative
eBbdiic methoderssecied it hiatm thehenehi tha belac@np adjesitd saneto magnify

l.ways orthogonal by directly constructing the
the argyigitE COMPORITR RSS!, LG RBAHSEBRAI. | e, to
constitute an orthonormal basis for the signa
subspace. The basis is derived such that (12) r = -
WR; Themiathodesgegited in hlatm tlhehenet the belaneesheswéanibe pomgry and
ambicd] Tedd orts isbi 0 % ‘t\)M rtegss{ i e et & tﬁ(l, tll'i]r%glr ch ! r(])%eriltqg ﬂ% ambience
si ghal's. rtfernore. s te YHE |npuP S|dh§P§)are quy
compbit@0fdrehe @tinnélne anbi ence unit vectors will be found
as normalized versions of the signals thenselves. The
anbi ence basis derivation consists of two steps:
fijps rit l S] ' '
o303 he BRI RERR Y DAR & Rireh i Bl Benp HERBERnTs a two
chann¢lldidigRem®R -{g L HXR )g L where gR i s subsequently
normal i zed. Then, the anbience unit vectors are
determined by rotating the G am Schm dt basis: where
'§1UR ebthddtop %Qésﬁ% aolfnuﬂic_flﬁ{néf SR1id Eign@t@&tgﬁﬁ% ghmary and
basi s such thgt the resulting anbienCe unit vectors €L
ambiecandorgPreatsiod the digrel,abaoicthodwomprifin?) . After the
anbi ence basis is ived, .each channel. is deconpose
PG cocD Rl b bR e aS R Py o CHRADGE Stbband
vectoRl WHBEM tHOVct@ebMbristes timededieAcdSistbReoREAchiRhE] signal’s
vector is retained in this algorithmdue to its robust
behavgeif eemespeediippulbonds| ated (i.e. nostly primary) input
S0y D R RO LS Ry S VB i
an ortB@bnBELAIsTP! ihbisBRaBsibiF) defided By e dvilespbidih@chatntiodubPand
and a . If the input signals are not correlated, the
vecloifinhi ence basi s expansi on coefficients a and a will be
doni. na . . : i ghl y
c el R ohpch IR uhIRpho LR e B RENT Y e
Thenganingahy sibhed] ast@ fboeachlchzate]l avin®thetcheesponding ambience
. nmodification described in an earlier enbodinent in
unit vegor gnd thy PrigARIRKECCHSt | ncti on that the ambi ence
conponent orthogonality is always ensured here.
Several exanpl es of signal deconposition using this
or2hdbenethadnisirenicd ibelsing 1 dpphayeio thapemailyl costpoa¢édnitryector

FI G, .6;.no t hat, t he anbi ence conponent.s e )
for cagly F4nBRRh A S5 5 TR Boas BETCTeS R ENBRGT RN 1 caipigpndineg
subbaBirbRGnEEVNcRors.modi fi cati ons nay be based on the

gener ated deconposition. The primry and anbi ent

conmponents can be individually nodified to achieve
desired effects. For exanple, the anbi ence conponents
are enhanced in several enbodinents. In one, the

anbi ence conponents are boosted and added back to
original primary conponents. |In another enbodi nent,

t he anbi ence conponents are@6enhanced to achi eve a
reverberation effect / stereo wi dening. In accordance
wi th ot her enbodi nents, suppression of anbience
conponents takes place. For exanple, in one, the

T T a
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anbi ent conponents of the signal, the nethod
conprising: converting each channel of the
worioviledeannel audi o signal to correspondi ng sub@BEDS2009/039039
vectors, wherein the vectors conprise a tine sequence
or history of the channel signal's behavior in

COBr gapaetioats seteamslslaintl @1 s idréin ke SrthyebA@Mdsis for the signal
onent unit vector for each subband; determ nin

co
subspggei ¢d by Hsehamicl yethand seqters ivdiyed @ticastdmanmby ai(ram-
5chmﬁﬁ‘%ﬁh§¢§}i’1§ﬁ‘£h%oméf e UnGite Ql?:)btang yehigRnel subband vect or

onto € primary conponent unit vector; determ ning

t he anmbi ence conponent vector for each channel in each

freqguency subband as the projection residual;  and )
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sub ang Is determ ned by a principal conponent
a“”“ﬁﬂ%&ﬁ? s of the correspondi ng subband channel vectors.

3. The nethod as recited in claim1l, wherein the

bal ance is adjusted in accordance with a neasure of

t Aé. dberimetndes ofcited én glrinmd it ywieaseip dlebrtlancsd is Fhyestedeschasdo

..as recited in claim3 rei.n the bal ance is adjusted

schio @5 J8 A gt S BP0 ctelfom nance of the

pri mary conponent approaches zero, the primary and

anmbi ent conponents are nodified to conformw th an

edbi hhe msihodratredited iselgimall S wheseipithebalanggiys adipstedsso apte
attenu, ttﬂ@ gmgﬁngeegdngfoq}ehpwﬁlll ?éﬁg&% to Wa 'ﬁ?ﬂa? E&ﬁp&%ﬁ? ure of

t he dom nance e primary conponent corresponds to

the correlation coefficient between the channe

subband vectors. 6. The nethod as recited in ¢laim

5. The | . : 1,
whér dnhmeHedsremied 17 lamyjl gt igeia shealange dxpigyed sp as to
o £5hi Loskgnal . 7.
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is adjusted so as to attenuate the anbi ence conponent
wi.th respect to the.primry conmponent. 8. Th t hod . .
2By b BRI S Yl BEIa R o1 of fr E AN b LiKBRTED iy Hepilds o
two-cBfhn@Badd® gl fy the anbi ence conponent with respect
to the primary conponent. 9. The nethod as recited in
claim1, wherein the bal ance between the primary and
anbi ent vectors is adjusted by reassigning sone of the
primary conmponent to the anbi ence conponent for each
channel . 10. The nmethod as recited in claim1, wherein
the nmul ti channel audio signal is a twochannel audio
signal. 11. A nmethod for processing a nmultichanne
audi o signal to determ ne primary and anbi ent
conponents of the signal, the nmethod conpri sing:
converting each channel of the multichannel audio
signal to correspondi ng subband vectors, wherein the
vectors conprise a tinme sequence or history of the
channel signal's behavior in correspondi ng subbands;
determi ni ng anbi ence unit vectors for each channel and
each subband after form ng an orthogonal basis for the
si gnal subspace defined by the correspondi ng channe
subband vectors; determning a prinmary conponent unit
vector for each subband; and deconposing the subband
vector for each channel using the correspondi ng
anbi ence unit vector and the primary unit vector. 12.
The nmethod as recited in claim1ll, wherein the prinmary
conmponent unit vector for each subband is determ ned
by a principal conmponent anal ysis of the corresponding
subband channel vectors.13. The nmethod as recited in
claim1l, wherein the orthegonal basis for the signa
subspace defined by the channel subband vectors is
derived at least in part by a Gam Schm dt
ort hogonal i zati on of the channel subband vectors. 14.
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