
COMPOSITIONS AND METHODS FOR TREATING AND DIAGNOSING
ASTHMA CROSS-REFERENCE TO RELATED APPLICATIONS [0001]
This application claims the benefit of U.S.
provisional application numbers 61/072,572 filed 3 1
March 2008, 61/041,480 filed 1 April 2008, 61/128,383
filed 20 May 2008, and 61/205,392 filed 16 January
2009. FIELD [0002] Compositions and methods for
treating and diagnosing subtypes of asthma patients
are provided. Also provided are methods for
identifying effective asthma therapeutic agents and
predicting responsiveness to asthma therapeutic
agents. BACKGROUND [0003] Asthma is traditionally
thought to result from aeroallergen-induced
inflammation driven by T-helper type 2 (Th2) processes
and mediated by cytokines including interleukin
(IL)-4, IL-5 and IL-13. IL- 13 is a pleiotropic Th2
cytokine produced by activated T cells, basophils,
eosinophils, and mast cells, and it has been strongly
implicated in the pathogenesis of asthma in
preclinical models [2]. Elevated levels of IL-13 have
been detected in the airways of human asthma patients;
however, this elevation is only observed in a subset
of asthmatics [3-6]. Recent research has been directed
at understanding how Th2 cytokines cause asthma-like
pathology and physiology [49, 50]. [0004] While asthma
is often characterized by eosinophilic infiltration of
the airways, there is increasing evidence that there
are other subtypes of the disease driven by
alternative forms of inflammation [1, 39, 48]. For
example, studies of the cellular components of airway
inflammation in asthma provide evidence for distinct
eosinophilic and non-eosinophilic phenotypes of asthma
[1, 39, 48]. Whether the molecular mechanisms
underlying these clinical and cellular phenotypes of
asthma differ is unknown. The identification of and
development of biomarkers for distinct molecular
phenotypes of asthma would guide the direction of
basic research and the clinical application of
emerging asthma therapies that specifically target Th2
responses in the lung.[0005] Periostin is a secreted
protein associated with fibrosis whose expression is
upregulated by recombinant IL-4 and IL- 13 in
bronchial epithelial cells [7, 8] and bronchial
fibroblasts [9]. It is expressed at elevated levels in
vivo in bronchial epithelial cells [8] and in the
subepithelial bronchial layer [9] of human asthmatics
as well as in a mouse model of asthma [10]. It is also
expressed at elevated levels in the esophageal
epithelium of patients with eosinophilic esophagitis
in an IL- 13 dependent manner [H]. Elevated periostin
expression has been observed in several types of
epithelial derived cancers [64-67], and elevated
levels of soluble periostin have been observed in the
serum of some cancer patients [64, 68-70]. [0006]
Genome-wide expression microarray analyses of
bronchial epithelial cells from 42 mild-to-moderate,
steroid-nave asthmatics and 28 healthy control
subjects have been performed [8]. In those studies,
three of the most differentially expressed epithelial
genes between all asthmatics and all healthy controls
were periostin, CLCAl, and serpinB2 [8]. Furthermore,
those genes were significantly downregulated in
bronchial epithelial cells of asthmatics after 7 days
of inhaled corticosteroid (ICS) treatment [8]. All
three of those genes are induced in bronchial
epithelial cells by recombinant IL- 13 treatment in
vitro and their expression is markedly attenuated by
addition of corticosteroids to the cell culture medium
[8]. [0007] To date, such genome-wide expression
analyses have not identified genetic biomarkers that
are prognostic or predictive of therapeutic response
to treatment for individual asthma patients, nor have
they identified genetic biomarkers that distinguish
subtypes of asthmatic patients. In addition, no
reliable nongenetic biomarkers with broad clinical
applicability for prognostic or predictive responses
to therapeutic treatment, or diagnostic of subtypes of
asthma, have been identified. Thus, as asthma patients
seek treatment, there is considerable trial and error
involved in the search for therapeutic agent(s)
effective for a particular patient. Such trial and
error often involves considerable risk and discomfort
to the patient in order to find the most effective
therapy. [0008] Thus, there is a need for more
effective means for determining which patients will
respond to which treatment and for incorporating such
determinations into more effective treatment regimens
for asthma patients. [0009] The invention described
herein meets the above-described needs and provides
other benefits.SUMMARY [0010] Using gene expression
signatures in bronchial epithelium, we have defined
distinct molecular subtypes of asthma. Surprisingly,
supervised clustering of the data based on a set of
genes whose expression was highly correlated to genes
known to be upregulated by IL-4 or IL- 13 stimulation
revealed not one but two distinct clusters of asthma
patients. Furthermore, analysis of these dichotomous
subsets of asthmatics revealed significant
associations between "IL-4/13 signature" status and
serum total IgE levels, serum CEA levels, serum
periostin levels, peripheral blood eosinophilia,
(bronchoalveolar lavage) BAL eosinophilia, and
responsiveness to inhaled corticosteroids (each p<0.05
by Wilcoxon rank 



sum test). [001 1] Accordingly, the present invention
relates to methods of diagnosing a subpopulation of
asthma patients comprising measuring the gene
expression of any one or combination of genes selected
from POSTN, CSTl, CCL26, CLCAl, CST2, PRR4, SERPINB2,
CEACAM5, iNOS, SERPINB4, CST4, PRB4, TPSDl, TPSGl,
MFSD2, CPA3, GPRl 05, CDH26, GSN, C2ORF32,
TRACH2000196 (TMEM71), DNAJC 12, RGS 13, SLCl 8A2,
SERPINBlO, SH3RF2, FCERlB, RUNX2, PTGSl, and ALOXl 5.
In one embodiment, the gene expression is measured of
any one or combination of genes selected from the
group of consisting of POSTN, CSTl, CST2, CCL26,
CLCAl, PRR4, PRB4, SERPINB2, CEACAM5, iNOS, SERPINB4,
CST4, and SERPINBlO. According to one embodiment, the
gene expression is measured by microarray. According
to another embodiment, the gene expression is measured
by observing protein expression levels of an
aforementioned gene. According to another embodiment,
the gene expression is considered elevated when
compared to a healthy control if the relative mRNA
level of the gene of interest is greater than 2.5 of
the level of a control gene mRNA. According to another
embodiment, the relative mRNA level of the gene of
interest is greater than 3 fold, 5 fold, 10 fold, 15
fold 25 fold or 30 fold compared to a healthy control
gene expression level. According to one embodiment,
the gene expression is measured by a method selected
from the group consisting of a PCR method, a
microarray method or a immunoassay method. In one
embodiment, the microarray method comprises the use of
a microarray chip having one or more nucleic acid
molecules that can hybridize under stringent
conditions to a nucleic acid molecule encoding a gene
mentioned above or having one or more polypeptides
(such as peptides or antibodies) that can bind to one
or more of the proteins encoded by the genes mentioned
above. In one embodiment, the PCR method is qPCR.
According to oneembodiment, the immunoassay method
comprises the steps of binding an antibody to protein
expressed from a gene mentioned above in a patient
sample mentioned above and determining if the protein
level from the patient sample is elevated. According
to one embodiment, a control gene is a housekeeping
gene selected from the group consisting of actin,
GAPDH, GASB and GUSB. [0012] The present invention
provides a microarray chip comprising nucleic acid
sequences encoding the following genes: POSTN, CSTl,
CST2, CCL26, CLCAl, PRR4, SERPINB2, CEACAM5, iNOS,
SERPINB4, CST4, and SERPINBlO or fragments there of.
The present invention provides a microarray chip
comprising nucleic acid sequences encoding the
following genes: POSTN, CSTl, CCL26, CLCAl, CST2,
PRR4, SERPINB2, CEACAM5, iNOS, SERPINB4, CST4, PRB4,
TPSDl, TPSGl, MFSD2, CPA3, GPR105, CDH26, GSN,
C2ORF32, TRACH2000196 (TMEM71), DNAJC12, RGS13,
SLC18A2, SERPINBlO, SH3RF2, FCERlB, RUNX2, PTGSl, and
ALOXl, or fragments thereof. [0013] The present
invention provides a subpopulation of asthma patients
to be treated with the therapeutic agents of this
invention, wherein the ratio of Muc5AC:MUC5B protein
or mRNA levels in the airway epithelial cells of
asthma patients is greater than 25. [0014] The present
invention also relates to methods of diagnosing a
subpopulation of asthma patients by taking single or
combinations of measurements of systemic biomarkers
selected from serum CEA levels, serum IgE levels,
serum periostin levels, peripheral blood eosinophil
counts and eosinophil percentages in bronchoalveolar
lavage fluid (BAL). Systemic biomarkers typically are
nongenetic biomarkers and are typically measured in
samples obtained by noninvasive procedures, for
example, but not limited to, collection of blood or
blood components, e.g., serum or plasma. According to
one embodiment, greater than 100IU/ml IgE levels
and/or 0.14 x 10e9/L eosinophils is predictive of a
patient population to be treated with the therapeutic
agents of this invention. [0015] The present invention
relates to methods of treating asthma comprising
administering a therapeutic agent to a patient
expressing elevated levels of any one or combination
of the genes selected from POSTN, CSTl, CCL26, CLCAl,
CST2, PRR4, SERPINB2, CEACAM5, iNOS, SERPINB4, CST4,
PRB4, TPSDl, TPSGl, MFSD2, CPA3, GPRl 05, CDH26, GSN,
C2ORF32, TRACH2000196 (TMEM71), DNAJC 12, RGS 13, SLCl
8A2, SERPINBlO, SH3RF2, FCERlB, RUNX2, PTGSl, ALOXl 5.
According to one embodiment, the patient expresses
elevated levels of any one or combination of genes
selected from the group consisting of periostin, CSTl,
CST2, CCL26, CLCAl, PRR4,SerpinB2, CEACAM5, iNOS,
PRB4, SerpinB4, SerpinBlO and CST4. According to one
embodiment, the patient to be treated is a
mild-to-moderate, steroid-naive (never treated with
steroids) asthma patient. According to another
embodiment, the patient to be treated is a
moderate-to-severe, steroid-resistant (non-responsive
to steroids) asthma patient. Such patients are treated
with a therapeutically effective amount of a
therapeutic agent. In one embodiment, the patient has
asthma induced by the TH2 pathway. [0016] According to
one embodiment, the therapeutic agent is an
anti-IL13/IL4 pathway inhibitor. According to another
embodiment, the therapeutic agent targets the TH2
induced asthma pathway. Exemplary targets include, but
are not limited to, cytokines or ligands such as:
IL-9, IL-5, IL-13, IL-4, OX40L, TSLP, IL-25, IL-33 and
IgE; and receptors such as: IL-9 receptor, IL-5
receptor, IL-4receptor alpha, IL-13receptoralphal and
IL-13receptoralpha2, 



OX40, TSLP-R, IL-7Ralpha (a co-receptor for TSLP),
IL17RB (receptor for IL-25), ST2 (receptor for IL-33),
CCR3, CCR4, CRTH2, FcepsilonRI and FcepsilonRII/CD23
(receptors for IgE). Accordingly, a therapeutic agent
according to this invention includes an agent that can
bind to the target above, such as a polypeptide(s)
(e.g., an antibody, an immunoadhesin or a peptibody),
an aptamer or a small molecule. [0017] According to
one embodiment, the therapeutic agent is an anti-IL13
antibody. According to another embodiment, the
anti-IL-13 antibody comprises a VH sequence comprising
SEQ ID NO: 193 and a VL sequence comprising SEQ ID NO:
194. According to another embodiment, the anti-IL13
antibody comprises: (a) an HVR-Ll comprising amino
acid sequence RASKSVDSYGNSFMH (SEQ ID NO: 195); (b) an
HVR-L2 comprising amino acid sequence LASNLES (SEQ ID
NO: 196); (c) an HVR-L3 comprising amino acid sequence
QQNNEDPRT (SEQ ID NO: 197); (d) an HVR-Hl comprising
amino acid sequence AYSVN (SEQ ID NO: 198); (e) an
HVR-H2 comprising amino acid sequence MIWGDGKIVYNSALKS
(SEQ ID NO: 199); and (f) an HVR-H3 comprising amino
acid sequence DGYYPYAMDN (SEQ ID NO: 200). According
to another embodiment, the therapeutic agent is an
anti-OX40 ligand (OX40L) antibody. According to
another embodiment the therapeutic agent is an
anti-IL13/anti-IL4 bispecif  c antibody. According to
another embodiment, the therapeutic agent is an
anti-IgE antibody. According to another embodiment,
the therapeutic agent is an antibody directed against
the membrane proximal Ml ' region of surface expressed
IgE on B cells. According to another embodiment, the
therapeutic agent is an inhaled corticosteroid. In
certain embodiments, the inhaledcorticosteroid is
selected from beclomethasone diproprionate,
budesonide, flunisolide, fluticasone propionate,
mometasone, and triamcinolone acetonide. [0018]
According to one embodiment, the anti-OX40L antibody
comprises: (a) an HVR-Ll comprising sequence
RSSQSPVHSNGNTYLH (SEQ ID NO:201); (b) an HVR-L2
comprising sequence KVSNRFS (SEQ ID NO: 202); (c) an
HVR-L3 comprising sequence SQSTHIPWT (SEQ ID NO: 203);
(d) an HVR-Hl comprising sequence SYWMH (SEQ ID NO:
204); (e) an HVR-H2 comprising sequence
EIDPSNGRTNYNEKFKS (SEQ ID NO: 205); and (f) an HVR-H3
comprising sequence ERSPRYFDV (SEQ ID NO:206).
According to another embodiment, the anti-OX40L
antibody comprises: (a) an HVR-Ll comprising sequence
RSSQSIVHGNGNTYLE (SEQ ID NO:207); (b) an HVR-L2
comprising sequence RVSNRFS (SEQ ID NO:208); (c) an
HVR-L3 comprising sequence FQGSHVPYT (SEQ ID NO:209);
(d) an HVR-Hl comprising sequence SYWLN (SEQ ID
NO:210); (e) an HVR-H2 comprising sequence
MIDPSDSETHYNQVFKD (SEQ ID NO:21 1); and (f) an HVR-H3
comprising sequence GRGNFYGGSHAMEY (SEQ ID NO:212).
According to another embodiment, the anti-OX40L
antibody comprises (a) an HVR-Hl comprising sequence
SYTMH (SEQ ID NO:215), SYAMS (SEQ ID NO:216), NFGMH
(SEQ ID NO:217), or NYGMH (SEQ ID NO:218), (b) an HVR-
H2 comprising sequence IISGSGGFTYYADSVKG (SEQ ID
NO:219), AIWYDGHDKYYSYYVKG (SEQ ID NO:220),
AIWYDGHDKYYAYYVKG (SEQ ID NO:221), VIWYDGSNKYYVDSVKG
(SEQ ID NO:222), or VIWNDGSNKYYVDSVKG (SEQ ID NO:223),
(c) an HVR-H3 comprising sequence DSSSWYRYFDY (SEQ ID
NO:224), DRLVAPGTFDY (SEQ ID NO:225), KNWSFDF (SEQ ID
NO:226), or DRMGIYYYGMDV (SEQ ID NO:227), (d) an
HVR-Ll comprising sequence RASQGISSWLA (SEQ ID
NO:228), RASQSVSSSYLA (SEQ ID NO:229), RASQSVSSNYLA
(SEQ ID NO:230), RASQGVSRYLA (SEQ ID NO:231), or
RASQSVSSYLA (SEQ ID NO:232), (e) an HVR- L2 comprising
sequence GASSRAT (SEQ ID NO:233), AASSLQS (SEQ ID
NO:234), MPPVWKV (SEQ ID NO:235), DASNRAT (SEQ ID
NO:236), or LHPLCKV (SEQ ID NO:237); and (f) an HVR-
L3 comprising sequence NSLIVTLT (SEQ ID NO:238),
QQYNSYPYT (SEQ ID NO:239), QQYGSSFT (SEQ ID
NO:240),QQRSNWQYT (SEQ ID NO:241), QQRSNWT (SEQ ID
NO:242), or NSIIVSLT (SEQ ID NO:243), wherein the
anti-OX40L antibody binds OX40L. According to one
embodiment, the anti-IgE antibody comprises a VL
sequence comprising SEQ ID NO:213 and a VH sequence
comprising SEQ ID NO:214. According to
anotherembodiment, the anti-IgE antibody comprises:
(a) an HVR-Ll comprising sequence RSSQSLVHNNANTYLH
(SEQ ID NO:244) (b) an HVR-L2 comprising sequence
KVSNRFS (SEQ ID NO: 245); (c) an HVR-L3 comprising
sequence SQNTLVPWT (SEQ ID NO: 246); (d) an HVR-Hl
comprising sequence GFTFSDYGIA (SEQ ID NO: 247); (e)
an HVR-H2 comprising sequence AFISDLAYTIYYADTVTG (SEQ
ID NO: 248); and (f) an HVR-H3 comprising sequence
ARDNWDAMDY (SEQ ID NO:249). According to one
embodiment, the anti-IgE antibody comprises a VH
sequence comprising SEQ ID NO:250 and a VL sequence
comprising SEQ ID NO:251. According to one embodiment,
the anti-IgE antibody comprises a VH sequence
comprising SEQ ID NO:252 and a VL sequence comprising
SEQ ID NO:253. According to another embodiment, the
anti-IgE antibody comprises: (a) an HVR-Ll comprising
sequence RSSQDISNSLN (SEQ ID NO:254) (b) an HVR-L2
comprising sequence STSRLHS (SEQ ID NO: 255); (c) an
HVR-L3 comprising sequence QQGHTLPWT (SEQ ID NO: 256);
(d) an HVR-Hl comprising sequence GYTFTDYYMM (SEQ ID
NO: 257); (e) an HVR-H2 comprising sequence 



GDNIDPNNYDTSYNQKFKG (SEQ ID NO: 258); and (f) an
HVR-H3 comprising sequence ASKAY (SEQ ID NO:259).
According to another embodiment, the anti-IgE antibody
comprises: (a) an HVR-Ll comprising sequence
RSSQDISNALN (SEQ ID NO:260) (b) an HVR-L2 comprising
sequence STSRLHS (SEQ ID NO: 255); (c) an HVRL3
comprising sequence QQGHTLPWT (SEQ ID NO: 256); (d) an
HVR-Hl comprising sequence GYTFTDYYMM (SEQ ID NO:
257); (e) an HVR-H2 comprising sequence
GDNIDPNNYDTSYNQKFKG (SEQ ID NO: 258); and (f) an
HVR-H3 comprising sequence ASKAY (SEQ ID NO:259).
According to another embodiment, the anti-IgE antibody
comprises: (a) an HVR-Ll comprising sequence
RSSQDISNALN (SEQ ID NO:260) (b) an HVR-L2 comprising
sequence STSRLHS (SEQ ID NO: 255); (c) an HVRL3
comprising sequence QQGHTLPWT (SEQ ID NO: 256); (d) an
HVR-Hl comprising sequence GYTFTDYYIM (SEQ ID NO:
261); (e) an HVR-H2 comprising sequence
GDNIDPNNYDTSYNQKFKG (SEQ ID NO: 258); and (f) an
HVR-H3 comprising sequence ASKAY (SEQ ID NO:259).
[0019] According to one embodiment, the patient has
asthma that does not involve the TH2 pathway (non-TH2
asthma). In one embodiment, the therapeutic agent
targets non-TH2 asthma. According to one embodiment,
the therapeutic agent is an IL- 17 pathway inhibitor.
In one embodiment, the therapeutic agent is anti-IL-17
antibody. In one embodiment, the therapeutic agent is
an antibody cross-reactive with both IL- 17A and IL-
17F. In oneembodiment, the therapeutic agent is a
bispecific antibody capable of binding both IL- 17A
and IL- 17F. In one embodiment, the therapeutic agent
is an anti-IL-17A/F antibody. [0020] The present
invention provides a kit for diagnosing an asthma
subtype in a patient comprising (1) one or more
nucleic acid molecules that hybridize with a gene,
wherein the gene is selected from the group of
consisting of POSTN, CSTl, CST2, CCL26, CLCAl, PRR4,
PRB4, SERPINB2, CEACAM5, iNOS, SERPINB4, CST4, and
SERPINBlO and (2) instructions for measuring the
expression levels of the gene from an asthma patient
sample, wherein the elevated expression levels of any
one, combination or all of said genes is indicative of
the asthma subtype. According to one embodiment, the
kit further comprises a gene selected from the group
consisting of: PRB4, TPSDl, TPSGl, MFSD2, CPA3, GPRl
05, CDH26, GSN, C2ORF32, TRACH2000196 (TMEM71), DNAJC
12, RGS 13, SLC18A2, SH3RF2, FCERlB, RUNX2, PTGSl, and
ALOX15. In one further embodiment, the gene expression
level is measured by assaying for mRNA levels. In
another further embodiment, the assay comprises a PCR
method or the use of a microarray chip. In yet a
further embodiment, the PCR method is qPCR. In one
embodiment, the mRNA levels of the gene of interest
relative to a control gene mRNA level greater than 2.5
fold is indicative of the asthma subtype. [0021] The
invention provides a kit for diagnosing an asthma
subtype in a patient comprising (1) one or more
protein molecules that bind to a protein selected from
the group of consisting of POSTN, CSTl, CST2, CCL26,
CLCAl, PRR4, PRB4, SERPINB2, CEACAM5, iNOS, SERPINB4,
CST4, and SERPINBlO and (2) instructions for measuring
the expression levels of the protein from a patient
sample, wherein the elevated expression levels of any
one, combination or all of said proteins is indicative
of the asthma subtype. In one embodiment, the kit
further comprises a protein molecule that binds to a
protein selected from the group consisting of: PRB4,
TPSDl, TPSGl, MFSD2, CPA3, GPR105, CDH26, GSN, C2ORF32
, TRACH2000196 (TMEM71), DNAJC 12, RGS 13, SLCl 8A2,
SH3RF2, FCERlB, RUNX2, PTGSl, and ALOX15. In one
embodiment the protein molecule is a antibody, a
peptide or a peptibody. In a further embodiment, the
kit comprises a microarray chip comprising the protein
molecule(s). [0022] The present invention provides a
kit for diagnosing an asthma subtype in a patient
comprising instructions for measuring any one of the
biomarkers from a patient sample selected from the
group consisting of: serum total IgE levels, serum CEA
levels, serum periostin levels, peripheral blood
eosinophils and bronchoalveolar lavage (BAL)
eosinophils,wherein elevated levels of CEA, serum
periostin, peripheral blood eosinophils and
bronchoalveolar lavage (BAL) eosinophils. According to
one embodiment, the kit provides instructions wherein
an IgE level greater than lOOIU/ml is indicative of
the asthma subtype. According to another embodiment,
the kit provides instruction, wherein a peripheral
blood eosinophil level greater than 0.14 x 10e9/L is
indicative of the asthma subtype. [0023] The present
invention provides a kit for diagnosing an asthma
subtype in a patient comprising instructions for
measuring the ratio of Muc5AC:MUC5B mRNA or protein
from a sample of an asthma patient, wherein a ratio
greater than 25 is indicative of the asthma subtype.
In one embodiment, the sample is obtained from an
epithelial brushing. In another embodiment, the sample
comprises airway epithelial cells. In one embodiment,
the kit provides a nucleic acid molecule that
hybridizes under stringent conditions with Muc5AC and
a nucleic acid molecule that hybridizes under
stringent conditions with MUC5B. In one embodiment,
the kit provides a protein molecule that binds to
Muc5AC and a protein molecule that binds to MUC5B. In
one embodiment, the protein molecule is an antibody.
BRIEF DESCRIPTION OF THE DRAWINGS [0024] Figure 1
shows gene expression levels in airway epithelium as
described in 



Examples 1 and 2. (A) Relative expression levels of
periostin (left panel), CLCAl (middle panel), and
serpinB2 (right panel) in healthy controls (N=27) and
in asthmatics (N= 42) are shown. Normalized
fluorescence units are indicated on the left axis of
each plot. (B) Twoway comparisons of expression levels
of periostin and CLCAl (left panel), periostin and
serpinB2 (middle panel), and CLCAl and serpinB2 (right
panel) in 42 asthmatics are shown. Spearman's rank
order correlation (p) and p-values are indicated in
each panel. (C) Gene expression microarray analysis
for healthy controls and asthmatics identifying
expression levels of periostin and co-regulated genes;
IL-4/13 signature high cluster (cluster 1); IL-4/13
signature low cluster (cluster 2); healthy controls.
(D) Heatmap depicting unsupervised hierarchical
clustering (Euclidean complete) of periostin, CLCAl,
and serpinB2 expression levels in bronchial epithelium
across all subjects at baseline. (E) Mean (+ SEM)
expression levels of IL-4, IL-5, and IL- 13 in
bronchial biopsy homogenates obtained
contemporaneously with bronchial brushings from a
subset of subjects depicted in Figures IA-D (cluster
1: 18 "IL-13 high" asthmatics; cluster 2 : 16 healthy
controls and 14 "IL-13 low" asthmatics). Twoway
correlations across all subjects between IL-4, IL-5,
and IL-13 indicated at right (Spearman's rank order
correlation, p, and p-values).[0025] Figure 2 shows
gene families for serpins, cystatins, and PRRs, and
expression levels of those genes as described in
Example 3. (A) Serpins (top), cystatins (middle), and
PRRs (bottom) genomic loci and organization as viewed
at the University of California Santa Cruz genome
browser available at http://genome.ucsc.edu. (B)
Hierarchical clustering of all probes encoding
cystatin and serpin genes as depicted in panel A. (C)
Relative gene expression levels in airway epithelium
of PRR4 (left panel), PRB4 (middle panel), and CEACAM5
(right panel) in healthy controls (N=27) and in
asthamatics (N= 42) are shown. Normalized fluorescence
units are indicated on the left axis of each plot.
[0026] Figure 3 shows microarray analysis of bronchial
epithelial brushings at baseline and after one week of
inhaled fluticasone propionate (ICS) treatment as
described in Example 6. (A) Periostin expression; (B)
PRR4 expression; (C) RUNX2 expression. [0027] Figure 4
shows a composite graph of serum IgE and peripheral
blood eosinophils in asthmatic patients as described
in Examples 7 and 9. [0028] Figure 5 shows various
clinical features of IL- 13 high and IL- 13 low
subphenotypes of asthma as described in Example 8. (A)
Volume of air exhaled in the first second of a forced
expiration (FEV1), a measure of airway obstruction.
(B) Improvement in FEV1 after 4 puffs (360 mg) of
albuterol (bronchodilator reversibility testing). (C)
Provocative concentration of methacholine required to
induce a 20% decline in FEV1 (PC20), a measure of
airway hyper-reponsiveness. [0029] Figure 6 shows
various markers of allergy, eosinophilic inflammation
and airway remodeling of IL-13-high and IL-13 low
subphenotypes of asthma as described in Example 8. (A)
Allergen skin prick test (SPT) results using a panel
of 12 aeroallergens. (B) Serum IgE concentration. (C)
Peripheral blood eosinophil count. (D) Eosinophils as
a percentage of total bronchoalveolar lavage fluid
(BAL) cells. (E) Stereologic measurement of reticular
basement membrane (RBM) thickness on endobronchial
biopsy, a measure of sub-epithelial fibrosis. (F)
Ratio of MUC5AC to MUC5B expression in epithelial
brushings as determined by qPCR. [0030] Figure 7 shows
various clinical features of IL-13 high and IL-13 low
subphenotypes of asthma as described in Example 8. (A)
Percentage of subjects responding to specific
aeroallergens as indicated along the bottom axis.
"IL-13 low" asthma subphenotype; "IL-13 high" asthma
subphenotype (*, p<0.05). (B) Number of positive SPT
reactions vs. BAL eosinophil percentage; IL-13 asthma
subphentoype as indicated (high, open squares; low,
closed circles). (C) Number of positive SPT reactions
vs. serum IgE; IL- 13 asthma subphentoype as indicated
(high, open squares; low, closed circles). (D)
Numberof positive SPT reactions vs. peripheral blood
eosinophil count; IL- 13 asthma subphentoype as
indicated (high, open squares; low, closed circles).
Spearman's rank order correlation (p) and p-values are
indicated in each plot for B-D. [0031] Figure 8 shows
airway epithelial mucin content and composition in
subjects with IL- 13 high and IL- 13 low asthma
subphenotypes and healthy controls as described in
Example 8. (A) Volume of mucin per volume of
epithelium, a measure of airway epithelial mucin
content. (B) Expression of mucin MUC2 as determined by
qPCR. (C) Expression of mucin MUC5AC as determined by
qPCR. (D) Expression of mucin MUC5B as determined by
qPCR. [0032] Figure 9 shows responses of subjects with
IL- 13 high and IL- 13 low asthma subphenotypes to
inhaled corticosteroids. (A) FEV1 measured at baseline
(week 0), after 4 and 8 weeks on daily fluticasone,
and one week after the cessation of fluticasone (week
9). (*): see Table 5 for number of subjects in each
group and p-values. (B) Heatmap depicting unsupervised
hierarchical clustering of periostin, CLCAl, and
serpinB2 (as in Fig. ID) in bronchial epithelium of
asthmatics one week after the initiation of either
fluticasone (N=19) or placebo treatment (N= 13).
Cluster identification at baseline for individual
subjects and treatment are indicated below heatmap.
(cluster 1: "IL-13 high" asthmatics; cluster 2 :
"IL-13 low" asthmatics). [0033] Figure 10 shows
alveolar macrophage gene expression in subjects with
IL-13 high 



and IL-13 low subphenotypes of asthma as described in
Example 8. Healthy controls (N=15); IL-13 low
subphenotype of asthma (N=5); IL-13 high subphenotype
of asthma (N=9) are indicated. The figure shows the
mean (+SEM) expression levels of 15- lipoxygenase
(ALOXl 5) and tumor necrosis factor-a (TNF-a) as
determined by qPCR. (*): p < 0.03. [0034] Figure 11
shows gene expression microarray analysis using 35
probes covering 28 genes of samples from healthy
controls and asthmatics as described in Example 9.
[0035] Figure 12 shows gene expression microarray
analysis and qPCR analysis for periostin and CEACAM5
as described in Example 9. (A) Periostin expression in
healthy controls, cluster 2 asthmatics ("IL-13 LOW"),
and cluster 1 asthmatics ("IL-13 high"); (B) CEACAM5
expression in healthy controls, cluster 2 asthmatics
("IL-13 LOW"), and cluster 1 asthmatics ("IL-13
HIGH"); (C) a composite graph of CEACAM5 and periostin
in "IL-13 high" asthmatics (squares) and "IL-13 low"
asthmatics (circles); (D) Receiver operating
characteristic (ROC) analysis of an optimized
algorithm for qPCR-based expression levels ofperiostin
and CEACAM5 showing sensitivity and specificity for
healthy controls, "IL- 13 high" asthmatics, and "IL-
13 low" asthmatics. [0036] Figure 13 shows serum
levels of serum proteins in asthmatics and in healthy
controls as described in Example 9. (A) serum levels
of IgE; (B) serum levels of periostin; (C) serum
levels of CEA; (D) serum levels of YKL-40; (E) serum
levels of IgE in asthmatics treated with inhaled
corticosteroids (ICS) (+) or not (-); (F) serum levels
of periostin in asthmatics treated with inhaled
corticosteroids (ICS) (+) or not (-); (G) serum levels
of CEA in asthmatics treated with inhaled
corticosteroids (ICS) (+) or not (-); (H) serum levels
of YKL-40 in asthmatics treated with inhaled
corticosteroids (ICS) (+) or not (-); (I) composite
graph of serum levels of periostin in asthmatics
having < 100 IU/ml serum IgE (<100) and asthmatics
having > 100 IU/ml serum IgE (>100); (J) composite
graph of serum levels of CEA in asthmatics having <
100 IU/ml serum IgE (<100) and asthmatics having > 100
IU/ml serum IgE (>100); (K) composite graph of serum
levels of YKL-40 in asthmatics having < 100 IU/ml
serum IgE (<100) and asthmatics having > 100 IU/ml
serum IgE (MOO); (L) composite graph of serum levels
of periostin and CEA in asthmatics having < 100 IU/ml
serum IgE (circles) and asthmatics having > 100 IU/ml
serum IgE (squares). DETAILED DESCRIPTION DEFINITIONS
[0037] Unless otherwise defined, all terms of art,
notations and other scientific terminology used herein
are intended to have the meanings commonly understood
by those of skill in the art to which this invention
pertains. In some cases, terms with commonly
understood meanings 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
generally understood in the art. The techniques and
procedures described or referenced herein are
generally well understood and commonly employed using
conventional methodology by those skilled in the art,
such as, for example, the widely utilized molecular
cloning methodologies described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual 2nd. edition
(1989) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. As appropriate, procedures
involving the use of commercially available kits and
reagents are generally carried out in accordance with
manufacturer defined protocols and/or parameters
unless otherwise noted.[0038] "IL-4/IL-13 gene
signature," "IL-4/IL-13 signature," "IL- 13 gene
signature," and "IL- 13 signature" are used
interchangeably herein and refer to a combination of
30 genes as set forth in Table 4, or a subcombination
of these 30 genes as set forth in Table 9, the gene
expression pattern of which correlates with certain
asthma patients. The 30 genes include POSTN, CSTl,
CCL26, CLCAl, CST2, PRR4, SERPINB2, CEACAM5, iNOS,
SERPINB4, CST4, PRB4, TPSDl, TPSGl, MFSD2, CPA3,
GPR105, CDH26, GSN, C2ORF32, TRACH2000196 (TMEM71),
DNAJC12, RGS 13, SLCl 8A2, SERPINBlO, SH3RF2, FCERlB,
RUNX2, PTGSl, ALOX15. The polypeptides of the
IL-4/IL13 gene signature are "targeted polypeptides"
of this invention. [0039] The term "targeted
polypeptide" when used herein refers to "native
sequence" polypeptides and variants (which are further
defined herein). [0040] A "native sequence"
polypeptide comprises a polypeptide having the same
amino acid sequence as the corresponding polypeptide
derived from nature. Thus, the term "native sequence
polypeptide" includes naturally-occurring truncated,
augmented, and frameshifted forms of a polypeptide,
including but not limited to alternatively spliced
forms, isoforms and polymorphisms. [0041] "Naturally
occurring variant" means a polypeptide having at least
about 60% amino acid sequence identity with a
reference polypeptide and retains at least one
biological activity of the naturally occurring
reference polypeptide. Naturally occurring variants
can include variant polypeptides having at least about
65% amino acid sequence identity, at least about 70%
amino acid sequence identity, at least about 75% amino
acid sequence identity, at least about 80% amino acid
sequence identity, at least about 80% amino acid
sequence identity, at least about 85% amino acid
sequence identity, at least about 90% amino acid 



sequence identity, at least about 95% amino acid
sequence identity, at least about 98% amino acid
sequence identity or at least about 99% amino acid
sequence identity to a reference polypeptide. [0042]
Examples of POSTN include a polypeptide comprising SEQ
ID NO: 1 and other POSTN native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NOs:31 and/or 32. [0043] Examples of CSTl
include a polypeptide comprising SEQ ID NO:2 and other
CSTl native sequence polypeptides, such as naturally
occurring variants and native sequencepolypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:33. [0044]
Examples of CCL26 include a polypeptide comprising SEQ
ID NO:3 and other CCL26 native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:34. [0045] Examples of CLCAl include a
polypeptide comprising SEQ ID NO:4 and other CLCAl
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:35. [0046]
Examples of CST2 include a polypeptide comprising SEQ
ID NO:5 and other CST native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:36. [0047] Examples of PRR4 include a
polypeptide comprising SEQ ID NO:6 and other PRR4
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:37. [0048]
Examples of SERPINB2 include a polypeptide comprising
SEQ ID NO:7 and other SERPINB2 native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:38. [0049] Examples of CEACAM5 include a
polypeptide comprising SEQ ID NO:8 and other CEACAM5
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:39. [0050]
Examples of iNOS include a polypeptide comprising SEQ
ID NO:9 and other iNOS native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:40. [0051] Examples of SERPINB4 include a
polypeptide comprising SEQ ID NO: 10 and other
SERPINB4 native sequence polypeptides, such as
naturally occurring variants andnative sequence
polypeptides encoded by a nucleic acid sequence that
can hybridize under stringent conditions to SEQ ID
NOs:41 and/or 42. [0052] Examples of CST4 include a
polypeptide comprising SEQ ID NO: 11 and other CST4
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:43. [0053]
Examples of PRB4 include a polypeptide comprising SEQ
ID NO: 12 and other PRB4 native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:44. [0054] Examples of TPSDl include a
polypeptide comprising SEQ ID NO: 13 and other TPSDl
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to a sequence selected from
the group consisting of SEQ ID NO:45-51. [0055]
Examples of TPSGl include a polypeptide comprising SEQ
ID NO: 14 and other TPSGl native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
a sequence selected from the group consisting of SEQ
ID NO:52-55. [0056] Examples of MFSD2 include a
polypeptide comprising SEQ ID NO: 15 and other MFSD2
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:56. [0057]
Examples of CPA3 include a polypeptide comprising SEQ
ID NO: 16 and other CPA3 native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:57. [0058] Examples of GPRl 05 include a
polypeptide comprising SEQ ID NO: 17 and other 



GPRl 05 native sequence polypeptides, such as
naturally occurring variants and native sequence
polypeptides encoded by a nucleic acid sequence that
can hybridize under stringent conditions to SEQ ID
NO:58. [0059] Examples of CDH26 include a polypeptide
comprising SEQ ID NO: 18 and other CDH26 native
sequence polypeptides, such as naturally occurring
variants and nativesequence polypeptides encoded by a
nucleic acid sequence that can hybridize under
stringent conditions to SEQ ID NO:59. [0060] Examples
of GSN include a polypeptide comprising SEQ ID NO: 19
and other GSN native sequence polypeptides, such as
naturally occurring variants and native sequence
polypeptides encoded by a nucleic acid sequence that
can hybridize under stringent conditions to SEQ ID
NO:60. [0061] Examples of C2ORF32 include a
polypeptide comprising SEQ ID NO:20 and other C2ORF32
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:61. [0062]
Examples of TRACH2000196 (TMEM71) include a
polypeptide comprising SEQ ID NO:21 and other
TRACH2000196 (TMEM71) native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:62. [0063] Examples of DNAJC12 include a
polypeptide comprising SEQ ID NO:22 and other DNAJC12
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:63. [0064]
Examples of RGS13 include a polypeptide comprising SEQ
ID NO:23 and other RGS 13 native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:64. [0065] Examples of SLC18A2 include a
polypeptide comprising SEQ ID NO:24 and other SLCl 8A2
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:65. [0066]
Examples of SERPINBlO include a polypeptide comprising
SEQ ID NO:25 and other SERPINBlO native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:66. [0067] Examples of SH3RF2 include a
polypeptide comprising SEQ ID NO:26 and other SH3RF2
native sequence polypeptides, such as naturally
occurring variants and nativesequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:67. [0068]
Examples of FCERlB include a polypeptide comprising
SEQ ID NO:27 and other FCERlB native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:68. [0069] Examples of RUNX2 include a
polypeptide comprising SEQ ID NO:28 and other RUNX2
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:69. [0070]
Examples of PTGSl include a polypeptide comprising SEQ
ID NO:29 and other PTGSl native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:70. [0071] Examples of ALOX15 include a
polypeptide comprising SEQ ID NO:30 and other ALOX15
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:71. [0072] "An
anti-IL 13/IL4 pathway inhibitor" refers to an agent
that blocks the IL- 13 and/or IL-4 signalling.
Examples of an anti-IL13, anti-IL4 or anti-IL 13/IL4
inhibitors include, but are not limited to, anti-IL 13
binding agents, anti-IL4 binding agents, anti-
IL4receptoralpha binding agents,
anti-IL13receptoralphal binding agents and anti-IL13
receptoralpha2 binding agents. Single domain
antibodies that can bind IL- 13, IL-4, IL- 13Ralphal,
IL-13Ralpha2 or IL-4Ralpha are specifically included
as inhibitors. It should be understood that molecules
that can bind more than one target are included.
[0073] "Anti-IL4 binding agents" refers to agent that
specifically binds to human IL-4. Such binding agents
can include a small molecule, an apatmer or a
polypeptide. Such polypeptide can include, but is not
limited to, a polypeptide(s) selected from the group
consisting of an immunoadhesin, an antibody, a
peptibody and a peptide. According to one embodiment,
the binding agent binds to a human IL-4 sequence with
an affinity between 1 uM - 1 pM. Specific examples of
anti-IL4 binding agents can include soluble
IL4Receptor 



alpha (e.g., extracellular domain of IL4Receptor fused
to a human Fc region), anti-IL4antibody, and soluble
IL13receptoralphal (e.g., extracellular domain of
IL13receptoralphal fused to a human Fc region). [0074]
"Anti-IL4receptoralpha binding agents" refers to an
agent that specifically binds to human IL4
receptoralpha. Such binding agents can include a small
molecule, an aptamer or a polypeptide. Such
polypeptide can include, but is not limited to, a
polypeptide(s) selected from the group consisting of
an immunoadhesin, an antibody, a peptibody and a
peptide. According to one embodiment, the binding
agent binds to a human IL-4 receptor alpha sequence
with an affinity between 1 uM - 1 pM. Specific
examples of anti-IL4 receptoralpha binding agents can
include anti-IL4 receptor alpha antibodies. [0075]
"Anti-IL13 binding agent" refers to agent that
specifically binds to human IL- 13. Such binding
agents can include a small molecule, aptamer or a
polypeptide. Such polypeptide can include, but is not
limited to, a polypeptide(s) selected from the group
consisting of an immunoadhesin, an antibody, a
peptibody and a peptide. According to one embodiment,
the binding agent binds to a human IL- 13 sequence
with an affinity between 1 uM - 1 pM. Specific
examples of anti-IL13 binding agents can include
anti-IL13 antibodies, soluble IL13receptoralpha2 fused
to a human Fc, soluble IL4receptoralpha fused to a
human Fc, soluble IL13 receptoralpha fused to a human
Fc. According to one embodiment, the anti- IL13
antibody comprises the variable domains of the TNX-650
antibody (WO2005/062972). The variable domains of the
TNX-650 antibody comprise (1) a VH comprising
QVTLRESGPALVKPTQTLTLTCTVSGFSLSAYSVNWIRQPPGKALEWLAMIWGD
GKI
VYNSALKSRLTISKDTSKNQVVLTMTNMDPVDTATYYCAGDGYYPYAMDNWGQG
SLVTVSS (SEQ ID NO: 193) and (2) a VL comprising:
DIVMTQSPDSLSVSLGERATINCRASKSVDSYGNSFMHWYQQKPGQPPKLLIYL
ASN
LESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQNNEDPRTFGGGTKVEIK
(SEQ ID NO: 194). Other examples of anti-IL13
antibodies are described in WO2008/083695 (e.g.,
IMA-638 and IMA-026), US2008/0267959, US2008/0044420
and US2008/0248048. [0076] Anti-IL13receptoralphal
binding agents" refers to an agent that specifically
binds to human IL13 receptoralphal. Such binding
agents can include a small molecule, aptamer or a
polypeptide. Such polypeptide can include, but is not
limited to, a polypeptide(s) selected from the group
consisting of an immunoadhesin, an antibody, a
peptibody and a peptide. According to one embodiment,
the binding agent binds to a human IL- 13 receptor
alpha 1 sequence with an affinity between 1 uM - 1 pM.
Specific examples of anti-IL13 receptoralphal binding
agents can include anti-IL13 receptor alpha 1
antibodies.[0077] "Anti-IL13receptoralpha2 binding
agents" refers to an agent that specifically binds to
human IL13 receptoralpha2. Such binding agents can
include a small molecule, an aptamer or a polypeptide.
Such polypeptide can include, but is not limited to, a
polypeptide(s) selected from the group consisting of
an immunoadhesin, an antibody, a peptibody and a
peptide. According to one embodiment, the binding
agent binds to a human IL- 13 receptor alpha2 sequence
with an affinity between 1 uM - 1 pM. Specific
examples of anti-IL13 receptoralpha2 binding agents
can include anti-IL13 receptor alpha2 antibodies.
[0078] "Anti IgE binding agents" refers to an agent
that specifically binds to human IgE. Such binding
agents can include a small molecule, an aptamer or a
polypeptide. Such polypeptide can include, but is not
limited to, a polypeptide(s) selected from the group
consisting of an immunoadhesin, an antibody, a
peptibody and a peptide. According to one embodiment,
the anti-IgE antibody comprises a VL sequence
comprising Asp He GIn Leu Thr GIn Ser Pro Ser Ser Leu
Ser Ala Ser VaI GIy Asp Arg VaI Thr He Thr Cys Arg Ala
Ser GIn Ser VaI Asp Tyr Asp GIy Asp Ser Tyr Met Asn
Trp Tyr GIn GIn Lys Pro GIy Lys Ala Pro Lys Leu Leu He
Tyr Ala Ala Ser Tyr Leu GIu Ser GIy VaI Pro Ser Arg
Phe Ser GIy Ser GIy Ser GIy Thr Asp Phe Thr Leu Thr He
Ser Ser Leu GIn Pro GIu Asp Phe Ala Thr Tyr Tyr Cys
GIn GIn Ser His GIu Asp Pro Tyr Thr Phe GIy GIn GIy
Thr Lys VaI GIu He Lys Arg Thr VaI (SEQ ID NO:213) and
a VH sequence comprising GIu VaI GIn Leu VaI GIu Ser
GIy GIy GIy Leu VaI GIn Pro GIy GIy Ser Leu Arg Leu
Ser Cys Ala VaI Ser GIy Tyr Ser He Thr Ser GIy Tyr Ser
Trp Asn Trp He Arg GIn Ala Pro GIy Lys GIy Leu GIu Trp
VaI Ala Ser He Thr Tyr Asp GIy Ser Thr Asn Tyr Asn Pro
Ser VaI Lys GIy Arg He Thr He Ser Arg Asp Asp Ser Lys
Asn Thr Phe Tyr Leu GIn Met Asn Ser Leu Arg Ala GIu
Asp Thr Ala VaI Tyr Tyr Cys Ala Arg GIy Ser His Tyr
Phe GIy His Trp His Phe Ala VaI Trp GIy GIn GIy (SEQ
ID NO:214). [0079] "Anti-Mi ' binding agents" refers
to an agent that specifically binds to the membrane
proximal Ml ' region of surface expressed IgE on B
cells. Such binding agents can include a small
molecule, an aptamer or a polypeptide. Such
polypeptide can include, but is not limited to, a
polypeptide(s) selected from the group consisting of
an immunoadhesin, an antibody, a peptibody and a
peptide. According to one embodiment, the anti-IgE
antibody comprises an antibody described in WO2008/1
16149 or a variant thereof. [0080] The term "small
molecule" refers to an organic molecule having a
molecular weight between 50 Daltons to 2500
Daltons.[0081] The term "antibody" is used in the
broadest sense and specifically covers, for example,
monoclonal antibodies, polyclonal antibodies,
antibodies with polyepitopic specificity, single chain
antibodies, multi-specific antibodies and fragments of
antibodies. 



Such antibodies can be chimeric, humanized, human and
synthetic. Such antibodies and methods of generating
them are described in more detail below. [0082] The
term "variable" refers to the fact that certain
segments of the variable domains differ extensively in
sequence among antibodies. The V regions mediate
antigen binding and define specificity of a particular
antibody for its particular antigen. However, the
variability is not evenly distributed across the
110-amino acid span of the variable domains. Instead,
the V domains consist of relatively invariant
stretches called framework regions (FRs) of 15-30
amino acids separated by shorter regions of extreme
variability called "hypervariable regions" that are
each 9-12 amino acids long. The variable domains of
native heavy and light chains each comprise four FRs,
largely adopting a beta-sheet configuration, connected
by three hypervariable regions, which form loops
connecting, and in some cases forming part of, the
beta-sheet structure. The hypervariable regions in
each chain are held together in close proximity by the
FRs and, with the hypervariable regions from the other
chain, contribute to the formation of the
antigen-binding site of antibodies (see Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). The constant domains
are not involved directly in binding an antibody to an
antigen, but exhibit various effector functions, such
as participation of the antibody in antibody dependent
cellular cytotoxicity (ADCC). [0083] The term
"hypervariable region" (or "HVR") when used herein
refers to the amino acid residues of an antibody which
are responsible for antigen-binding. The hypervariable
region generally comprises amino acid residues from a
"complementarity determining region" or "CDR" (e.g.
around about residues 24-34 (Ll), 50-56 (L2) and 89-97
(L3) in the VL, and around about 31-35B (Hl), 50-65
(H2) and 95-102 (H3) in the VH (Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)) and/or those residues
from a "hypervariable loop" (e.g. residues 26-32 (Ll),
50-52 (L2) and 91-96 (L3) in the VL, and 26- 32 (Hl),
52A-55 (H2) and 96-101 (H3) in the VH (Chothia and
Lesk J . MoI. Biol. 196:901- 917 (1987)). [0084]
Hypervariable regions may comprise "extended
hypervariable regions" as follows: 24-36 (Ll), 46-56
(L2) and 89-97 (L3) in the VL and 26-35B (Hl), 47-65
(H2) and 93-102(H3) in the VH. The variable domain
residues are numbered according to Kabat et al., supra
for each of these definitions. [0085] "Framework" or
"FR" residues are those variable domain residues other
than the hypervariable region residues as herein
defined. For example, light chain framework 1 (LCFRl),
framework 2 (LC-FR2), framework 3 (LC-FR3) and
framework 4 (LC-FR4) region may comprise residues
numbered 1-23, 35-49, 57-88 and 98-107 of an antibody
(Kabat numbering system), respectively. In another
example, heavy chain framework 1 (HC-FRl), heavy chain
framework 2 (HC-FR2), heavy chain framework 3 (HC-FR3)
and heavy chain framework 4 (HC-FR4) may comprise
residues 1-25, 36-48, 66-92 and 103-1 13,
respectively, of an antibody (Kabat numbering system).
[0086] As referred to herein, the "consensus sequence"
or consensus V domain sequence is an artificial
sequence derived from a comparison of the amino acid
sequences of known human immunoglobulin variable
region sequences. [0087] The term "monoclonal
antibody" as used herein refers to an antibody from a
population of substantially homogeneous antibodies,
i.e., the individual antibodies comprising the
population are identical and/or bind the same
epitope(s), except for possible variants that may
arise during production of the monoclonal antibody,
such variants generally being present in minor
amounts. Such monoclonal antibody typically includes
an antibody comprising a polypeptide sequence that
binds a target, wherein the target-binding polypeptide
sequence was obtained by a process that includes the
selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences.
For example, the selection process can be the
selection of a unique clone from a plurality of
clones, such as a pool of hybridoma clones, phage
clones or recombinant DNA clones. It should be
understood that the selected target binding sequence
can be further altered, for example, to improve
affinity for the target, to humanize the target
binding sequence, to improve its production in cell
culture, to reduce its immunogenicity in vivo, to
create a multispecific antibody, etc., and that an
antibody comprising the altered target binding
sequence is also a monoclonal antibody of this
invention. In contrast to polyclonal antibody
preparations which typically include different
antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal
antibody preparationis directed against a single
determinant on an antigen. In addition to their
specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated
by other immunoglobulins. The modifier "monoclonal"
indicates the character of the antibody as being
obtained from a substantially homogeneouspopulation of
antibodies, and is not to be construed as requiring
production of the antibody by any particular method.
For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a
variety of techniques, including the hybridoma method
(e.g., Kohler et al, Nature, 256:495 (1975); Harlow et
al, Antibodies: A Laboratory Manual, (Cold Spring
Harbor Laboratory Press, 2nd ed. 1988); Hammerling et
al, in: 



Monoclonal Antibodies and T-CeIl Hybridomas 563-681,
(Elsevier, N.Y., 1981), recombinant DNA methods (see,
e.g., U.S. Patent No. 4,816,567), phage display
technologies (see, e.g., Clackson et al, Nature,
352:624-628 (1991); Marks et al, J. MoI Biol,
222:581-597 (1991); Sidhu et al., J. MoI Biol.
338(2):299-310 (2004); Lee et al., J.Mol.Biol.340(5):
1073-1093 (2004); Fellouse, Proc. Nat. Acad. Sci. USA
101(34): 12467-12472 (2004); and Lee et al. J.
Immunol. Methods 284(1-2):1 19-132 (2004) and
technologies for producing human or human-like
antibodies from animals that have parts or all of the
human immunoglobulin loci or genes encoding human
immunoglobulin sequences (see, e.g., WO98/24893,
WO/9634096, WO/9633735, and WO/91 10741, Jakobovits et
al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993);
Jakobovits et al., Nature, 362:255-258 (1993);
Bruggemann et al., Year in Immuno., 7:33 (1993); U.S.
Patent Nos. 5,545,806, 5,569,825, 5,591,669 (all of
GenPharm); 5,545,807; WO 97/17852, U.S. Patent Nos.
5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425;
and 5,661,016, and Marks et al, Bio/Technology . JJ):
779-783 (1992); Lonberg et al, Nature . 368 : 856-859
(1994); Morrison, Nature . 368 : 812-813 (1994);
Fishwild et al, Nature Biotechnology . 14: 845-851
(1996); Neuberger, Nature Biotechnology . 14: 826
(1996); and Lonberg and Huszar, Intern. Rev. Immunol.
, 13 : 65-93 (1995). [0088] The monoclonal antibodies
herein specifically include "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy
and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a
particular species or belonging to a particular
antibody class or subclass, while portions of the
remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies
derived from another species or belonging to another
antibody class or subclass, as well as fragments of
such antibodies, so long as they exhibit the desired
biological activity (U.S. Patent No. 4,816,567;
Morrison et al., Proc. Natl. Acad. Sci. USA,
81:6851-6855 (1984)). Methods of making chimeric
antibodies are known in the art. [0089] "Humanized"
forms of non-human (e.g., murine) antibodies are
chimeric immunoglobulins, immunoglobulin chains or
fragments thereof (such as Fv, Fab, Fab', F(ab')2 or
other antigen-binding subsequences of antibodies)
which contain minimalsequence derived from non-human
immunoglobulin. In some embodiments, humanized
antibodies are human immunoglobulins (recipient
antibody) in which residues from a
complementarity-determining region (CDR) of the
recipient are replaced by residues from a CDR of a
non-human species (donor antibody) such as mouse, rat
or rabbit having the desired specificity, affinity,
and capacity. In some instances, Fv framework region
(FR) residues of the human immunoglobulin are replaced
by corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues which are
found neither in the recipient antibody nor in the
imported CDR or framework sequences. These
modifications are generally made to further refine and
maximize antibody performance. Typically, the
humanized antibody will comprise substantially all of
at least one variable domain, in which all or
substantially all of the hypervariable loops derived
from a non-human immunoglobulin and all or
substantially all of the FR regions are derived from a
human immunoglobulin sequence although the FR regions
may include one or more amino acid substitutions to,
e.g., improve binding affinity. In one preferred
embodiment, the humanized antibody will also comprise
at least a portion of an immunoglobulin constant
region (Fc), typically that of a human immunoglobulin
or a human consensus constant sequence. For further
details, see Jones et al, Nature, 321:522-525 (1986);
Reichmann et al, Nature, 332:323-329 (1988); and
Presta, Curr. Op. Struct. Biol, 2:593-596 (1992). The
humanized antibody includes a PRIMATIZED(r) antibody
wherein the antigen-binding region of the antibody is
derived from an antibody produced by, e.g., immunizing
macaque monkeys with the antigen of interest. Methods
of making humanized antibodies are known in the art.
[0090] Human antibodies can also be produced using
various techniques known in the art, including
phage-display libraries. Hoogenboom and Winter, J.
MoI. Biol., 227:381 (1991); Marks et al., J. MoI.
Biol, 222:581 (1991). The techniques of Cole et al.
and Boerner et al. are also available for the
preparation of human monoclonal antibodies. Cole et
al., Monoclonal Antibodies and Cancer Therapy, Alan R.
Liss, p. 77 (1985); Boerner et al., J. Immunol,
147(l):86-95 (1991). See also, Lonberg and Huszar,
Int. Rev. Immunol. 13:65-93 (1995). PCT publications
WO 98/24893; WO 92/01047; WO 96/34096; WO 96/33735;
European Patent No. 0 598 877; U.S. Pat. Nos.
5,413,923; 5,625,126; 5,633,425; 5,569,825; 5,661,016;
5,545,806; 5,814,318; 5,885,793; 5,916,771; and
5,939,598. [0091] "Antibody fragments" comprise a
portion of a full length antibody, generally the
antigen binding or variable region thereof. Examples
of antibody fragments include Fab, Fab',F(ab')2, and
Fv fragments; diabodies; linear antibodies;
single-chain antibody molecules; and multispecif  c
antibodies formed from antibody fragments. [0092] "Fv"
is the minimum antibody fragment which contains a
complete antigenrecognition and -binding site. This
fragment consists of a dimer of one heavy- and one
lightchain variable region domain in tight,
non-covalent association. From the folding of these
two domains emanate six hypervariable loops (3 loops
each from the H and L chain) that contribute the amino
acid residues for antigen binding and confer antigen
binding specificity to the antibody. However, even a
single variable domain (or half of an Fv comprising
only 



three CDRs specific for an antigen) may have the
ability to recognize and bind antigen, although at a
lower affinity than the entire binding site. [0093]
"Functional fragments" of the antibodies of the
invention are those fragments that retain binding to
polypeptide with substantially the same affinity as
the intact full chain molecule from which they are
derived and are active in at least one assay (e.g.,
inhibition of TH2-induced asthma pathway such as in
mouse models or inhibition of a biological activity of
the antigen that binds to the antibody fragment in
vitro). [0094] Antibody "effector functions" refer to
those biological activities attributable to the Fc
region (a native sequence Fc region or amino acid
sequence variant Fc region) of an antibody, and vary
with the antibody isotype. Examples of antibody
effector functions include: CIq binding and complement
dependent cytotoxicity; Fc receptor binding;
antibodydependent cell-mediated cytotoxicity (ADCC);
phagocytosis; down regulation of cell surface
receptors (e.g. B cell receptor); and B cell
activation. A "native sequence Fc region" comprises an
amino acid sequence identical to the amino acid
sequence of an Fc region found in nature. [0095]
"Percent (%) amino acid sequence identity" or
"homology" with respect to the polypeptide and
antibody sequences identified herein is defined as the
percentage of amino acid residues in a candidate
sequence that are identical with the amino acid
residues in the polypeptide being compared, after
aligning the sequences considering any conservative
substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino
acid sequence identity can be achieved in various ways
that are within the skill in the art, for instance,
using publicly available computer software such as
BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate
parameters for measuring alignment, including any
algorithms needed to achieve maximal alignment over
the full length of the sequences being compared. For
purposesherein, however, % amino acid sequence
identity values are generated using the sequence
comparison computer program ALIGN-2. The ALIGN-2
sequence comparison computer program was authored by
Genentech, Inc. and the source code has been filed
with user documentation in the U.S. Copyright Office,
Washington D.C , 20559, where it is registered under
U.S. Copyright Registration No. TXU5 10087. The
ALIGN-2 program is publicly available through
Genentech, Inc., South San Francisco, California. The
ALIGN-2 program should be compiled for use on a UNIX
operating system, preferably digital UNIX V4.0D. All
sequence comparison parameters are set by the ALIGN-2
program and do not vary. [0096] The term "Fc
region-comprising polypeptide" refers to a
polypeptide, such as an antibody or immunoadhesin (see
definitions below), which comprises an Fc region. The
Cterminal lysine (residue 447 according to the EU
numbering system) of the Fc region may be removed, for
example, during purification of the polypeptide or by
recombinantly engineering the nucleic acid encoding
the polypeptide. Accordingly, a composition comprising
polypeptides, including antibodies, having an Fc
region according to this invention can comprise
polypeptides populations with all K447 residues
removed, polypeptide populations with no K447 residues
removed or polypeptide populations having a mixture of
polypeptides with and without the K447 residue. [0097]
Throughout the present specification and claims, the
Kabat numbering system is generally used when
referring to a residue in the variable domain
(approximately, residues 1- 107 of the light chain and
residues 1-1 13 of the heavy chain) (e.g, Kabat et
al., Sequences of Immunological Interest. 5th Ed.
Public Health Service, National Institutes of Health,
Bethesda, Md. (1991)). The "EU numbering system" or
"EU index" is generally used when referring to a
residue in an immunoglobulin heavy chain constant
region (e.g., the EU index reported in Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD (1991) expressly incorporated
herein by reference). Unless stated otherwise herein,
references to residues numbers in the variable domain
of antibodies means residue numbering by the Kabat
numbering system. Unless stated otherwise herein,
references to residue numbers in the constant domain
of antibodies means residue numbering by the EU
numbering system (e.g., see United States Provisional
Application No. 60/640,323, Figures for EU numbering).
[0098] "Stringency" of hybridization reactions is
readily determinable by one of ordinary skill in the
art, and generally is an empirical calculation
dependent upon probe length, washing temperature, and
salt concentration. In general, longer probes require
highertemperatures for proper annealing, while shorter
probes need lower temperatures. Hybridization
generally depends on the ability of denatured DNA to
reanneal when complementary strands are present in an
environment below their melting temperature. The
higher the degree of desired homology between the
probe and hybridizable sequence, the higher the
relative temperature which can be used. As a result,
it follows that higher relative temperatures would
tend to make the reaction conditions more stringent,
while lower temperatures less so. For additional
details and explanation of stringency of hybridization
reactions, see Ausubel et al., Current Protocols in
Molecular Biology , Wiley Interscience Publishers,
(1995). [0099] "Stringent conditions" or "high
stringency conditions", as defined herein, can be 



identified by those that: (1) employ low ionic
strength and high temperature for washing, for example
0.015 M sodium chloride/0.0015 M sodium citrate/0.1%
sodium dodecyl sulfate at 5OC; (2) employ during
hybridization a denaturing agent, such as formamide,
for example, 50% (v/v) formamide with 0.1% bovine
serum albumin/0. 1% Ficoll/0.1% polyvinylpyrrolidone/5
OmM sodium phosphate buffer at pH 6.5 with 750 mM
sodium chloride, 75 mM sodium citrate at 42C; or (3)
overnight hybridization in a solution that employs 50%
formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium
citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 5 x Denhardt's solution, sonicated
salmon sperm DNA (50 mg/ml), 0.1% SDS, and 10% dextran
sulfate at 42C, with a 10 minute wash at 42C in 0.2 x
SSC (sodium chloride/sodium citrate) followed by a 10
minute highstringency wash consisting of 0.1 x SSC
containing EDTA at 55C. [00100] "Moderately stringent
conditions" can be identified as described by Sambrook
et al., Molecular Cloning: A Laboratory Manual , New
York: Cold Spring Harbor Press, 1989, and include the
use of washing solution and hybridization conditions
(e.g., temperature, ionic strength and %SDS) less
stringent that those described above. An example of
moderately stringent conditions is overnight
incubation at 37C in a solution comprising: 20%
formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium
citrate), 50 mM sodium phosphate (pH 7.6), 5 x
Denhardt's solution, 10% dextran sulfate, and 20 mg/ml
denatured sheared salmon sperm DNA, followed by
washing the filters in 1 x SSC at about 37-50C. The
skilled artisan will recognize how to adjust the
temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.
[00101] As used herein, a subject to be treated is a
mammal (e.g., human, non-human primate, rat, mouse,
cow, horse, pig, sheep, goat, dog, cat, etc.). The
subject may be aclinical patient, a clinical trial
volunteer, an experimental animal, etc. The subject
may be suspected of having or at risk for having
asthma or be diagnosed with asthma. According to one
preferred embodiment, the subject to be treated
according to this invention is a human. [00102]
"Treating" or "treatment" or "alleviation" refers to
measures, wherein the object is to prevent or slow
down (lessen) the targeted pathologic condition or
disorder or relieve some of the symptoms of the
disorder. Those in need of treatment include can
include those already with the disorder as well as
those prone to have the disorder or those in whom the
disorder is to be prevented. A subject or mammal is
successfully "treated" for asthma if, after receiving
a therapeutic agent of the present invention, the
patient shows observable and/or measurable reduction
in or absence of one or more of the following:
recurrent wheezing, coughing, trouble breathing, chest
tightness, symptoms that occur or worsen at night,
symptoms that are triggered by cold air, exercise or
exposure to allergens. [00103] The term
"therapeutically effective amount" refers to an amount
of a polypeptide of this invention effective to
"alleviate" or "treat" a disease or disorder in a
subject. [00104] "Chronic" administration refers to
administration of the agent(s) in a continuous mode as
opposed to an acute mode, so as to maintain the
initial therapeutic effect (activity) for an extended
period of time. "Intermittent" administration is
treatment that is not consecutively done without
interruption, but rather is cyclic in nature. [00105]
"Forced expiratory volume (FEVl)" refers to a standard
test that measures the volume of air expelled in the
first second of a forced expiration. FEVl is measured
by a spirometer, which consists of a mouthpiece and
disposable tubing connected to a machine that records
the results and displays them on a graph. To perform
spirometry, a person inhales deeply, closes the mouth
tightly around the tube and then exhales through the
tubing while measurements are taken. The volume of air
exhaled, and the length of time each breath takes is
recorded and analyzed. Spirometry results are
expressed as a percentage. Examples of normal
spirometry results include a FEVl of 75 percent of
vital capacity after one second. An example of
abnormal spirometry results include a reading of less
than 80 percent of the normal predicted value. An
abnormal result usually indicates the presence of some
degree of obstructive lung disease such as asthma,
emphysema or chronic bronchitis, or restrictive lung
disease such as pulmonary fibrosis. For example, FEVl
values (percentage of predicted) can be used to
classify the obstruction that may occur with asthma
and other obstructive lung diseases like emphysema or
chronic bronchitis: FEVl 65 percent to 79 percent
predicted =mild obstruction, FEVl 40 percent to 59
percent predicted = moderate obstruction, and FEVl
less than 40 percent predicted = severe obstruction.
[00106] Examples of nucleic acid probes that may be
used to identify the proteins described herein (e.g.,
by microarray analysis), include, but are not limited
to the probes described in Table 4. [00107] "Elevated
expression level" or "elevated levels" refers to an
increased expression of a mRNA or a protein in a
patient relative to a control, such as an individual
or individuals who are not suffering from asthma.
[00108] All publications (including patents and patent
applications) cited herein are hereby incorporated in
their entirety by reference. [00109] Throughout this
specification and claims, the word "comprise," or
variations such as "comprises" or "comprising," will
be understood to imply the inclusion of a stated
integer or group of integers but not the exclusion of
any other integer or group of integers. 



[00110] The foregoing written description is
considered to be sufficient to enable one skilled in
the art to practice the invention. The following
Examples are offered for illustrative purposes only,
and are not intended to limit the scope of the present
invention in any way. Indeed, various modifications of
the invention in addition to those shown and described
herein will become apparent to those skilled in the
art from the foregoing description and fall within the
scope of the appended claims. Partial list of
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Airway Tissue Bank [00112] We studied biological
samples stored in the Airway Tissue Bank at the
University of California, San Francisco (UCSF) that
had been collected during bronchoscopy performed for
research purposes in healthy and asthmatic volunteers.
Research bronchoscopy had included collection of
epithelial brushings, bronchoalveolar lavage (BAL) and
bronchial biopsies using specific methods previously
described [8, 46]. BAL cell counts and differentials
had been performed and databased, and macrophages had
been sorted from BALfluid using flow cytometry [5 1].
Four to six bronchial biopsies had been obtained from
2ndthrough 5th-order carinae (contralateral to the
brushing site), formalin-fixed, and then
paraffin-embedded in isotropic uniform random
orientation [31] to enable quantitative measures of
inflammation and remodeling using methods of
design-based stereo logy [52]. An additional 2
bronchial biopsies had been homogenized and processed
for RNA using the Qiagen RNeasy minikit (Qiagen Inc.,
Valencia, CA). RNA extracted from epithelial
brushings, homogenates of bronchial biopsies, and
lavage macrophages had been quality assured and
aliquoted for future microrray- and PCR-based gene
profiling. All research bronchoscopy studies had been
approved by the UCSF Committee on Human Research
(CHR), written informed consent had been obtained from
all subjects, and all studies had been performed in
accordance with the principles expressed in the
Declaration of Helsinki. The Airway Tissue Bank
procedures were also reviewed and approved by UCSF's
CHR. Samples of epithelial brushings and macrophages
from this tissue bank have been used in previously
reported studies [8, 14, 46, 51, 53]. Most recently,
microarray analyses of differentially expressed genes
in epithelial brushings in asthmatic subjects have
been reported by us [8]. [00113] For the purposes of
identifying subsets of patients with asthma who differ
with respect to the molecular mechanism underlying
their airway inflammation and the distinct
inflammatory, pathological and clinical phenotypes
characteristic of these subsets, we first conducted
new analyses on our previously generated epithelial
cell microarray data, and we then supplemented these
new analyses with review of additional and detailed
clinical characterization data (including data on
bronchodilator reversibility and allergen skin test
reactivity) from these same subjects and newly
generated data, including: (i) gene expression
profiles in homogenates of bronchial biopsies and
alveolar macrophages; (ii) quantitative measures of
subepithelial collagen and airway epithelial mucin in
bronchial biopsies; (iii) total and differential cell
counts in BAL. Human Subjects and Samples [00114]
Subjects with asthma (N=42) had a prior physician
diagnosis of asthma, symptoms consistent with asthma
confirmed by a study physician, airway
hyperresponsiveness (defined as a drop in forced
expiratory volume in the first second (FEV 1) of 20%
or greater with inhalation of <8 mg/mL of methacholine
[PC20 methacholine] and either. 1) symptoms on 2 or
more days per week, 2) b-agonist use on 2 or more days
per week, or 3)an FEVi<85% predicted. They did not
take inhaled or oral corticosteroids for 4 weeks prior
to enrollment. Healthy controls (N=27) had no history
of lung disease and lacked airway hyper-responsiveness
(PC20 methacholine >16 mg/mL). Certain studies
included current smokers without asthma (N= 16).
Exclusion criteria for all subjects included upper
respiratory tract infection in the previous 4 weeks,
asthma exacerbation within 6 weeks and current use of
salmeterol, astemizole, nedocromil sodium, sodium
cromoglycate, methlyxanthines, montelukast or
zafirlukast. Subjects underwent baseline evaluation by
study physicians (including spirometry and
methacholine challenge testing as described previously
[8]). Subjects also underwent allergen skin prick
testing (ASPT) with a panel of 12 aeroallergens, a
positive control and a negative control (Table 6).
[00115] Thirty-two of the subjects with asthma had
also been enrolled in a double-blind randomized
controlled clinical trial of inhaled fluticasone (500
mg, twice daily, N=19) or matched placebo (N=13)
(ClinicalTrials.gov Identifier: NCT00187499). The
trial was designed to determine the effects of inhaled
steroid (fluticasone) on airway gene expression and to
relate gene expression changes to improvements in lung
function. The asthma subjects in the clinical trial
had undergone baseline bronchoscopy and had been
randomized to receive study medication before
undergoing repeat bronchoscopy one week later after
starting study drug. Asthma subjects continued study
medication for a total of 8 weeks. Healthy control
subjects and smokers were enrolled in one of three
cross-sectional studies, which comprised two visits
each, the first for characterization and the second
for bronchoscopy 1 week later. Thirty- five subjects
had adequate baseline bronchoscopy, and 32 had RNA
available from epithelial brushings at both
bronchoscopies. Lung function was measured (by
spirometry) after 4 weeks and 8 weeks on study
medication, and a final spirometry was completed after
a one week run-out. Methods for bronchoscopy,
epithelial brushing, bronchoalveaolar lavage,
spirometry, and sample handling were identical across
all studies. [00116] Bronchoalveolar lavage (BAL) was
performed by instilling 4 aliquots of 50ml of sterile
saline into either the lingula or right middle lobe,
with recovery by suction. Cell counts were performed
using a hemocytometer and Turks solution (1% glacial
acetic acid and 0.01% gentian violet in distilled H
O). Then BAL cell differentials were performed on 



cytocentrifuged preparations using the Shandon
Kwik-Diff stain kit (Thermo Fisher Scientific, Waltham
MA). Thirty-two of the subjects with asthma were also
enrolled in a double-blind randomized controlled
clinical trial of inhaled fluticasone (500 meg BID) or
matched placebo. In addition to the inclusion criteria
above, these subjects were also required to have
eitherasthma symptoms on 2 or more days per week, or
b-agonist use on 2 or more days per week, or FEVi<85%
predicted. Subjects in the clinical trial underwent a
baseline visit and baseline bronchoscopy as described
above, were randomized to receive study medication and
underwent repeat bronchoscopy one week later. Then,
they continued study medication for a total of 8 weeks
with scheduled re-assessment of spirometry and
methacholine challenge testing. All clinical studies
were approved by the University of California at San
Francisco Committee on Human Research, written
informed consent was obtained from all subjects, and
all studies were performed in accordance with the
principles expressed in the Declaration of Helsinki.
Microarray Analyses and Morphometry [00117] Microarray
data from mild-moderate non-smoking asthma patients
and healthy non-smoking subjects were obtained from a
previous study as described [8]. Methodological detail
and microarray data are also available from the Gene
Expression Omnibus public database, which can be
accessed online at the National Center for
Biotechnology Information, accession number GSE4302.
Microarray data was analysed in the present study to
determine whether genes were differentially regulated
within the asthmatic group. Also, the microarray data
was analyzed to determine whether other genes were
co-regulated with top asthmarelated, IL- 13 induced
genes. Two step real-time PCR (qPCR) was performed as
described previously [45] using the primers and probes
in Table 1 (i.e., multiplex PCR followed by real time
PCR on cDNA generated products). [00118] Morphometric
analyses were performed by applying design-based
stereology to 4- 6 endobronchial biopsies from each
subject as described previously. Specifically,
analysis of reticular basement membrane thickness was
measured in trichrome 3mm sections using the
orthogonal intercept method [31]. Airway mucin content
was measured in Alcian blue/Periodic acid Schiff 3 mm
sections using point and line intersect counting
methods [46]. Statistical Methods [001 19] Microarray
preprocessing was performed using RMA with
Bioconductor open source software [47] in the R
statistical environment. Unsupervised hierarchical
clustering was performed using the Euclidean metric
with complete linkage. All other statistical analyses
including were performed using the JMP statistical
analysis software package (SAS Institute, Cary, NC).
Values are presented as meanstandard deviation or
median (range)unless otherwise specified. Correlation
was performed using Spearman's rank order correlation.
For significance testing of PC20 and serum IgE levels,
data were log transformed for normality. A p<0.05 was
taken as statistically significant and sidak
correction for multiple comparisons was employed after
initial three-group comparisons by ANOVA.Table 1.
Primer and probe sequences for
qPCRCAGTGTCGCCATCACTGTCTCCAGC probe [SEQ ID NO: 107]
AL0X5 RT-forward ACGTCCACCAGACCATCACC [SEQ ID NO: 108]
RT-reverse GAATCTCACGTGTGCCACCA [SEQ ID NO: 109]
Taqman-forward ATTGCAATGTACCGCCAGC [SEQ ID NO: 110]
Taqman-reverse GAATCTCACGTGTGCCACCA [SEQ ID NO:1 11]
CTGCTGTGCACCCCATTTTCAAGCTG probe [SEQ ID NO: 112]
CATAAAGTGGAGCACGAAAGCA ALOX5AP RT-forward [SEQ ID NO:
113] GGTACGCATCTACACAGTTCTGGTT RT-reverse [SEQ ID NO:
114] CAGAATGGGAGGAGCTTCCA Taqman-forward [SEQ ID NO:
115] CACAGTTCTGGTTGGCAGTGTAG Taqman-reverse [SEQ ID
NO: 116] CCGGAACACTTGCCTTTGAGCGG probe [SEQ ID NO:
117] CAAGGTCTGTGGGAAAAGCAA ARGl RT-forward [SEQ ID NO:
118] RT-reverse TGGCCAGAGATGCTTCCAAT [SEQ ID NO: 119]
GCAGAAGTCAAGAAGAACGGAAGA Taqman-forward [SEQ ID NO:
120] Taqman-reverse TGCTTCCAATTGCCAAACTG [SEQ ID NO:
121] probe TCTCCGCCCAGCACCAGGCT [SEQ ID NO: 122]
ACTTAAAGCCCGCCTGACAGA ILlB RT-forward [SEQ ID NO: 123]
GCTACTTCTTGCCCCCTTTGAA RT-reverse [SEQ ID NO: 124]
Taqman-forward CCACGGCCACATTTGGTT [SEQ ID NO: 125] 



Taqman-reverse AGGGAAGCGGTTGCTCATC [SEQ ID NO: 126]
AGAAACCCTCTGTCATTCGCTCCCACAT probe [SEQ ID NO: 127]
CTCCGCAGTCACCTAATCACTCT IL1rn RT-forward [SEQ ID NO:
128] GGCTCAATGGGTACCACATCTATCT RT-reverse [SEQ ID NO:
129] TTCCTGTTCCATTCAGAGACGAT Taqman-forward [SEQ ID
NO: 130] AGATTCTGAAGGCTTGCATCTTG Taqman-reverse [SEQ
ID NO: 131] TGCCGACCCTCTGGGAGAAAATCC probe [SEQ ID NO:
132] ATTCAAGGATCTTGCTGCCTTT LTA4H RT-forward [SEQ ID
NO: 133] RT-reverse TGCAGTCACGGGATGCAT [SEQ ID NO:
134] CAAGGATCTTGCTGCCTTTGA Taqman-forward [SEQ ID NO:
135] Taqman-reverse TGCTTGCTTTGTGCTCTTGGT [SEQ ID
NO:136] probe AAATCCCATGATCAAGCTGTCCGAACCAdaptive
Primary-Ambient Decomposition of Audio Signals
CROSS-REFERENCE TO RELATED APPLICATION This
application claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/041,181, filed on March
31, 2008, (attorney docket CLIP300PRV) and entitled
"Adaptive Primary-Ambient Decomposition of Audio
Signals, and is a continuation-in-part of U.S. Patent
Application Ser. No. 12/048,156, filed on March 13,
2008, (attorney docket CLIP189US) and entitled
"Vector-Space Methods for Primary-Ambient
Decomposition of Stereo Audio Signals", which claims
the benefit of U.S. Provisional Patent Application
Ser. No. 60/894,650, filed on March 13, 2007,
(attorney docket CLIP189PRV) and entitled
"Vector-Space Methods for Primary-Ambient
Decomposition of Stereo Audio Signals", and which is a
continuation-in-part of U.S. Patent Application Ser.
No. 11/750,300, filed May 17, 2007, (attorney docket
CLIP159US) and entitled "Spatial Audio Coding Based on
Universal Spatial Cues", which claims the benefit of
U.S. Provisional Patent Application Ser. No.
60/747,532, filed on May 17, 2006, (attorney docket
CLIP159PRV), all of the disclosures of which are
incorporated by reference in their entirety for all
purposes herein. BACKGROUND OF THE INVENTION 1. Field
of the Invention The present invention relates to
audio signal processing techniques. More particularly,
the present invention relates to methods for
decomposing audio signals into primary and ambient
components. 2. Description of the Related Art
Primary-ambient decomposition algorithms separate the
reverberation (and diffuse, unfocussed sources) from
the primary coherent sources in a stereo or
multichannel audiosignal. This is useful for audio
enhancement (such as increasing or decreasing the
"liveliness" of a track), upmix (for example, where
the ambience information is used to generate synthetic
surround signals), and spatial audio coding (where
different methods are needed for primary and ambient
signal content). Current methods determine ambience
components for each audio channel by applying a
real-valued multiplier to the original channel signal,
such that the resulting primary and ambient components
for each channel are in phase. Unfortunately, these
techniques sometimes lead to artifacts in the audio
reproduction. These artifacts include the "leakage" of
primary components into the ambience, etc. What is
desired is an improved primary-ambient decomposition
technique. SUMMARY OF THE INVENTION The invention
describes techniques that can be used to avoid such
artifacts as the "leakage" of coherent sources into
the estimated ambience component. The invention
provides new methods for decomposing a stereo audio
signal or a multichannel audio signal into primary and
ambient components. Post-processing methods for
enhancing the decomposition are also described. The
present invention provides methods for separating
stereo audio signals into primary and ambient
components. According to several embodiments, a
vector-space primary-ambient decomposition is
performed. The primary and ambient components are
derived such that the sum of the primary and ambient
components equals the original signal and various
desired orthogonality conditions are satisfied between
the components. In preferred embodiments, the input
audio signals are each filtered into subbands; these
subband signals are then treated as vectors and are
decomposed into primary and ambient componentsusing
vector-space methods. One advantage of these
embodiments is that less tuning of algorithm
parameters is required than in previously described
methods. Embodiments of the current invention can
operate directly on the time-domain audio 



signals. In preferred embodiments, however, the
incoming stereo audio signal is initially converted
from a time-domain representation to a
frequency-domain or subband representation. In one
method for converting to the frequency domain,
commonly referred to as the short-time Fourier
transform (STFT), each channel of the stereo audio
signal is windowed to generate frames or segments of
sound and a Fourier Transform is performed on the
windowed signal frames to generate a frequency-domain
representation of the signal content in each frame;
the window function removes from the current
processing focus all but a short-time interval of the
time-domain signal. The frames are spaced at a regular
offset known as the hop size. The hop size determines
the overlap between the frames. The application of the
STFT results in the distribution of the transformed
signal over a plurality of frequency bins or subbands.
For each signal window or frame, each bin contains
magnitude and phase values for the channel signal in
that frame; a time sequence for each particular bin,
corresponding to a sequence of prior signal windows,
is analyzed to separate the respective bin's signal
content for the current time into primary and ambient
components. This proportional allocation of primary
and ambient components is based on vector-space
operations. An inverse transform is applied to the
resulting primary and ambient signal content to
generate the respective primary and ambience
time-domain signals. In several embodiments, the
respective channel signals are decomposed into primary
and ambient components in order to satisfy selected
orthogonality constraints. The audio signals and
signal components are treated as vectors to enable the
application of vector andmatrix mathematics and to
facilitate the use of diagrams to illustrate the
operation of the various embodiments. According to
various embodiments, a principal components analysis
(PCA), which can be equivalently referred to as
"principal component analysis" (where "component" is
singular), having a novel closed-form solution is
provided such that iteration is not required to
generate the primary and ambient components. A
principal direction for the primary component is
established preferably by first determining the
dominant eigenvalue of the channel signal's
correlation matrix, and then identifying the
corresponding eigenvector as the principal direction.
This principal direction vector is found as a weighted
average of the right and left channel vectors. The
primary components are found as orthogonal projections
onto the principal direction vector, and the ambience
components are found as the corresponding projection
residuals. The resulting primary components are fully
correlated (collinear in signal space). The resulting
ambience components are also collinear and are not
orthogonal across the channels. An aspect of the
present invention provides a method for processing a
multichannel audio signal to determine primary and
ambient components of the signal. The method includes:
converting each channel of the multichannel audio
signal to corresponding subband vectors, wherein the
vectors comprise a time sequence or history of the
channel signal's behavior in corresponding subbands;
determining a primary component unit vector for each
subband; determining primary component vectors for
each audio channel in each subband by projecting the
channel subband vector onto the primary component unit
vector; determining the ambience component vector for
each channel in each frequency subband as the
projection residual; and adjusting the balance between
the primary and ambient vectors to generate modified
primary and ambient components.Another aspect of the
present invention provides a method for processing a
multichannel audio signal to determine primary and
ambient components of the signal. The method includes:
converting each channel of the multichannel audio
signal to corresponding subband vectors, wherein the
vectors comprise a time sequence or history of the
channel signal's behavior in corresponding subbands;
determining ambience unit vectors for each channel and
each subband after forming an orthogonal basis for the
signal subspace defined by the corresponding channel
subband vectors; determining a primary component unit
vector for each subband; and decomposing the subband
vector for each channel using the corresponding
ambience unit vector and the primary unit vector.
These and other features and advantages of the present
invention are described below with reference to the
drawings. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is
a flow chart of a method for primary- ambient
decomposition and post processing in accordance with
various embodiments of the present invention. FIG. 2
is a diagram illustrating decomposition of an audio
signal into primary and ambient components using
principal components analysis in accordance with one
embodiment of the present invention. FIG. 3 is a flow
chart of a method for primary- ambient decomposition
of multichannel audio in accordance with one
embodiment of the present invention. FIG. 4 is a flow
chart of a method for primary- ambient decomposition
of two-channel audio in accordance with one embodiment
of the present invention. FIG. 5 is a diagram
illustrating vector-space decomposition in accordance
with one embodiment of the present invention.FIG. 6 is
a diagram illustrating decomposition of an audio
signal into primary and ambient components using a
signal-adaptive orthogonal ambience basis and a
primary unit 



vector derived by principal components analysis in
accordance with one embodiment of the present
invention. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS Reference will now be made in detail to
preferred embodiments of the invention. Examples of
the preferred embodiments are illustrated in the
accompanying drawings. While the invention will be
described in conjunction with these preferred
embodiments, it will be understood that it is not
intended to limit the invention to such preferred
embodiments. On the contrary, it is intended to cover
alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention
as defined by the appended claims. In the following
description, numerous specific details are set forth
in order to provide a thorough understanding of the
present invention. The present invention may be
practiced without some or all of these specific
details. In other instances, well known mechanisms
have not been described in detail in order not to
unnecessarily obscure the present invention. It should
be noted herein that throughout the various drawings
like numerals refer to like parts. The various
drawings illustrated and described herein are used to
illustrate various features of the invention. To the
extent that a particular feature is illustrated in one
drawing and not another, except where otherwise
indicated or where the structure inherently prohibits
incorporation of the feature, it is to be understood
that those features may be adapted to be included in
the embodiments represented in the other figures, as
if they were fully illustrated in those figures.
Unless otherwise indicated, the drawings are not
necessarily to scale. Any dimensions provided on the
drawings are not intended to be limiting as to the
scope of the invention but merely illustrative.The
present invention provides improved primary- ambient
decomposition of stereo audio signals or multichannel
signals. The proposed methods provide more effective
primary- ambient decomposition than previous
conventional approaches. The present invention can be
used in many ways to process audio signals. A goal is
to separate a mixture of music, for example a
2-channel (stereo) signal, into primary and ambient
components. Ambient components refer to natural
background audio representative of the recording
environment such as reverberation and applause.
Primary components refer to discrete, coherent
sources; for example, vocals may constitute primary
signals. Primary-ambient decomposition of audio
signals is useful for stereo-to-multichannel upmix.
The stereo loudspeaker reproduction format consists of
front left and front right loudspeakers, whereas
standard multichannel formats also include a front
center and multiple surround and rear channels;
stereo-to-multichannel upmix refers to any process by
which signal content for these additional channels for
a multichannel reproduction is generated from an input
stereo signal. Generally, ambient components are used
in stereo-to-multichannel upmix to synthesize surround
signals which will result in an increased sense of
envelopment for the listener. Primary components are
typically used to generate center-channel content to
stabilize the frontal audio image and enlarge the
listening sweet spot. One approach for center-channel
synthesis is to identify only that signal content in
the original left and right channels that is
center-panned (i.e. equally weighted in the two input
channels and intended to be heard as originating from
between the two speakers, as is typical for vocals in
music tracks), to extract that content from the left
and right channels, and then redirect it to the center
channel; this approach is referred to as
center-channel extraction. Another approach is to
identify the panning directions for all of the content
in the two input channels, and to reroute the content
based on its panning direction so that is rendered by
the closest pair ofloudspeakers: content panned toward
the left in the original stereo is rendered in the
multichannel setup using the front left and front
center loudspeakers; content originally panned toward
the right is rendered in the multichannel setup using
the front right and the front center loudspeakers (and
content originally panned to the center is rendered
using the center loudspeaker); this approach is
referred to as pairwise panning. A vector
primary-ambient decomposition model is provided as a
framework for deriving improved primary-ambient signal
decompositions. Advantages of the present invention
over previous methods result from the choice of the
unit vectors for the signal model (e.g., in (3)-(4)
shown below). Embodiments of the present invention
provide more robust choices for the unit vectors. The
unit vectors are better adapted to the input signal
characteristics. A first embodiment of the present
invention, i.e., the modified PCA primary-ambient
decomposition, provides a decomposition that is better
adapted to the input signal characteristics than those
described by previous methods. This approach yields an
improved decomposition than PCA for uncorrelated or
weakly correlated input signals by using a
correlation-based crossfade as described below. A
second embodiment of the present invention, i.e., the
"orthogonal ambience basis expansion" method, derives
an orthogonal basis adaptively from the input signals
such that the ambience components across channels are
always orthogonal. This basis is used in conjunction
with the primary unit vector derived by PCA to derive
the primary-ambient decomposition for each channel
signal. This approach retains the performance of the
PCA method for highly correlated signals while
improving the performance for weakly correlated 



signals.The embodiments of the present invention
provide improved performance, e.g. less leakage of
primary components into the estimated ambience than in
prior methods. Although not required, preferred
embodiments include frequency-domain / subband
implementations. In preferred embodiments,
decompositions are computed using autocorrelation and
crosscorrelation / inner-product computations.
MATHEMATICAL FOUNDATIONS The following equations
define the relationships between the parameters used
in the following analysis methods: rLR =X"X R
(correlation) rLL = XfX L (autocorrelation) rRR = X R
X R (autocorrelation) r L ( = rm (t I) (I- )X L (t) *X
R(t) (running correlation, where X (t) is the new
sample at time t of the vector X ) T "LLRR = 1 112
(correlation coefficient) (' LL ' RRRR .) =projection
of X L onto X R = projection of X R onto X L When a
signal is transformed (e.g. by the STFT), there is a
component [ ,m] or each transform index k and time
index m; in the STFT case, the index m indicates the
time location of the window to which the Fourier
transform was applied. For each given k, the transform
is treated as a vector in time, i.e. samples of X [k,
m] at a given k and a range of mvalues are
concatenated into a vector representation. In
principle, any signal decomposition or time-frequency
transformation could be used to generate these subband
vectors. It is preferred that a time-frequency
representation is used for the subband vectors.
However, the scope of the invention is not so limited.
Other forms of signal representation may be used
including but not limited to time-domain
representations of the signals. The vector length is a
design parameter: the vectors could be instantaneous
values (scalars), in which case the vector magnitude
corresponds to the absolute value of a sample; or, the
vectors could have a static or dynamic length.
Alternately, the vectors and vector statistics could
be formed by recursion, in which case the treatment of
the signals as vectors is not explicit in the methods:
in this case, signal vectors are not explicitly
assembled by concatenation of successive samples; but
rather (for each channel in each subband) only the
current input sample is required (in conjunction with
the recursively computed correlations) to compute the
current output sample. Those skilled in the relevant
arts will recognize that several embodiments of the
present invention can be implemented in this way
without explicit formation of signal vectors; these
implementations are within the scope of the invention
in that vector- space methods are implicitly used. It
should be noted that a recursive formulation, as in
the running correlation rLR above, is useful for
efficient inner product calculations such as those
needed to compute correlations and is furthermore
useful for enabling implementations that do not
require explicit formation of signal vectors. Also, it
should be noted that orthogonality of vectors in
signal space is equivalent to the corresponding time
sequences being uncorrelated. FIG. 1 is a flow diagram
depicting primary-ambient decomposition based on
vectorspace methods in accordance with several
embodiments of the present invention. The process
begins in step 101 where a multichannel audio signal
is received. In step 103, eachchannel signal is
converted into a time-frequency representation, in a
preferred embodiment using the STFT. Although the STFT
is preferred, the invention is not limited in this
regard. That is, the use of other time-frequency
transformations and representations is included within
the scope of the invention. In step 105, a channel
signal vector is formed for each channel and each
frequency band in the time-frequency representation by
concatenating successive samples of the subband
channel signals into vectors. In this way, a channel
signal vector represents the evolution in time of the
channel signal within a frequency band or subband of
the time-frequency representation. In step 107, a
primary component vector is determined for each
channel vector using vector-space methods such as
principal component analysis or a modification thereof
(e.g., Modified PCA Primary-Ambient Decomposition;
Orthogonal Ambience Basis Expansion). In step 109, the
ambience component vector is determined for each
channel vector as the difference between the channel
vector and the primary component vector, such that the
sum of the primary component vector (determined in
step 107) and the ambience component vector
(determined in step 109) is equal to the original
channel vector. Mathematically, this decomposition can
be expressed as X \k, In] = P Ik +A [Km] where i is a
channel index, k is a frequency index, m is a time
index, X ck,m] is the input channel vector, PXk, m] is
the primary component vector, and AXk, m] is the
ambience component vector. In step 111, the primary
and/or ambience components of the decomposition are
optionally modified; according to several embodiments,
these 



modifications correspond to gains applied to the
primary and ambient components. In step 113, the
potentially modified components are provided to a
rendering algorithm which includes a conversion of the
frequency-domain components into time-domain signals.
In one embodiment, the modified components are
provided to a rendering algorithm without
anyparticularity as to the type of rendering
algorithm. That is, in this embodiment, the scope of
the invention is intended to cooperate with any
suitable rendering algorithm. In some cases, the
rendering might just re-add the modified primary and
ambient components for playback. In others, it might
distribute the components differently to different
playback channels. PRIMARY-AMBIENT SIGNAL
DECOMPOSITION In its simplest form, a primary-ambient
decomposition of a stereo 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 p R are the respective primary components, and aL
and aR are the corresponding ambient components. The
vectors xL and xR here could either be the original
time-domain audio signals or subband signals in a
time-frequency representation, where the latter case
is typically preferable in that the time-frequency
representation provides some separation or resolution
of the signal components. Given the primary-ambient
signal model of (l)-(2), then, the task is to estimate
the primary and ambient components for each channel
signal. The general idea in the model estimation is
that primary components in the two channels should be
highly correlated (except for the case where a primary
source is hard-panned, i.e. present in only one of the
channels) and that the ambient components in the two
channels should be uncorrelated; furthermore, the
primary and ambient components within a single channel
should be uncorrelated as well. These assumptions
about the correlation properties stem from concepts in
psychoacoustics (in that perception of diffuseness is
related to interaural signal decorrelation), room
acoustics (in that late reverberation at different
points in a room tends tobe uncorrelated), and in
studio recording practices (wherein uncorrelated
stereo reverb is often added in the production
process). In order to improve the performance of
primary-ambient decompositions for spatial audio
applications, various estimation approaches are
provided which, unlike scalar mask methods (wherein
the primary and/or ambient components for a given
signal are estimated by multiplying the signal by a
scalar), satisfy at least some of the target
correlation conditions directly in the decomposition.
The basic idea is to derive primary and ambient unit
vectors for each channel such that the model in (I)-
(2) can be further specified as: (3) xL =p LvL +a LeL
(4) xR =p RvR +a ReR . where vL and vR are the primary
unit vectors, eL and eR are the ambience unit vectors,
and where the expansion coefficients p L ,p R ,a L and
a R describe the level and balance of the components.
Ideally, according to the assumptions discussed
earlier, the unit vectors should satisfy the
constraints: (5) vL =vR (8) e?eR =0 such that the
primary components constitute a common fully
correlated source and the various inter-component
orthogonality conditions are satisfied. In the first
condition, an assumption is made that only a single
primary source is active in the two-channel signal; in
this light, carrying out such decompositions on the
subband signals in a time-frequency representation
(such as the short-time Fourier transform) is
advantageous in that this sourceassumption is more
likely to be valid on a per-subband basis than for the
original timedomain signals. Given that the signals xL
and xR define a two-dimensional signal space, it is
necessary to consider directions outside of the signal
subspace if the three orthogonality conditions (6)-(8)
are to be met. This excursion is problematic both in
that the decomposition problem is then under-specified
and in that the complexity is prohibitive for
practical applications in consumer audio devices. For
some of the embodiments described in this application,
then, the considerations to unit component vectors in
the signal subspace are restricted, i.e. utilizing
decomposition vectors which can be derived as a linear
combination of the original signal vectors. In the
various embodiments of the present invention, some of
these orthogonality constraints are relaxed given this
restriction. GEOMETRIC DECOMPOSITIONS Signal-space
geometry provides a useful visualization of signal
decompositions in that the correlation relationships
between the various components are immediately
evident. In the following sections, several
decompositions based on signal-space geometry,
focusing on which of the constraints in (5)-(8) are
satisfied by the respective approaches. As will become
clear, the various approaches are fundamentally
defined by how the unit vectors in the primary-ambient
signal model are determined. To further elaborate,
FIG. 2 is a diagram illustrating decomposition of an
audio signal into primary and ambient components using
principal components analysis in accordance with one
embodiment of the present invention. In FIG. 2(a), the
primary-ambient 



decomposition using principal components analysis is
performed. In FIG. 2(b), the PCA decomposition in FIG.
2(a) is modified in accordance with one embodiment of
the present invention so as to improve the
decomposition of uncorrelated inputs. FIG. 2(c)
illustrates an example of this modified PCA
decomposition for a more strongly correlated
signal.Primary-Ambient Decomposition by Principal
Component Analysis According to various embodiments of
the present invention, the primary-ambient
decomposition is determined via principal components
analysis. PCA is used to find the primary vector which
best explains the multichannel input signal content,
i.e. which represents the multichannel content with
the least total residual energy across all channels
(which corresponds to the ambience in this approach).
The primary vector determined via PCA is common to all
of the channels. The primary components for the
various input channels are determined via orthogonal
projection onto this common primary vector; the
primary components for the various channels are
thereby collinear (fully correlated). In the
following, a PCA-based algorithm for primary-ambient
decomposition of multichannel audio is given and a
closed-form solution for the two-channel case is
developed. FIG. 3 is a flow chart describing the
primary-ambient decomposition of a multichannel audio
signal using principal components analysis. The
process begins in step 301 where a multichannel audio
signal is received. In step 303, the audio channel
signals X [n] are converted to a time-frequency
representation X [k, m] , e.g. using the STFT. In step
305, the time-frequency channel signals are assembled
into channel vectors (by concatenating successive
samples); in step 307, a signal matrix whose columns
are the channel vectors is formed. The signal
correlation matrix is computed 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 largest eigenvalue lp and
the corresponding dominant eigenvector vp are
determined. This dominant eigenvector corresponds to
the "principal component", and it can also be referred
to as the "principal eigenvector". In step 313, the
orthogonal projection of each channel vector onto the
eigenvector vp is computed and identified as the
primary component for that channel. In step 315, the
ambience component for each channel iscomputed by
subtracting the primary component vector determined in
313 from the original channel vector. Those skilled in
the arts will recognize that in some implementations
the primary component vector and the ambience
component vector can be determined at each sample time
m such that explicit formation of primary and ambient
component vectors is not required in the
implementation; such implementations are within the
scope of the invention. In step 317, the primary and
ambient components are provided to a post-processing
and rendering algorithm which includes a conversion of
the frequency-domain primary and ambient components
into time-domain signals. Those skilled in the arts
will recognize that step 311 can be carried out by
computing a full eigen decomposition and then
selecting the largest eigenvalue and corresponding
eigenvector or by using a computation method wherein
only the dominant eigenvector is determined. For
instance, the dominant eigenvector can be approximated
effectively and efficiently by selecting an initial
vector v0 and iterating the following steps: Rv0 As
these steps are repeated, the vector v0 converges to
the dominant eigenvector (the one with the largest
eigenvalue), with a faster convergence if the
eigenvalue spread of the correlation matrix R is
large. This efficient approach is viable since only
the dominant eigenvector is needed in primary-ambient
decomposition algorithm, and such an approach is
preferable in implementations where computational
resources are limited since determining a full
explicit eigen decomposition can be computationally
costly. A practical starting value for v0 is the
column of X with the largest norm, since that will
dominate the principal component computation. Those
skilled in the relevant arts will recognize that other
methodsfor computing the principal component could be
used. The current invention is not limited to the
methods disclosed here; other methods for determining
the dominant eigenvector are within the scope of the
invention. For the two-channel case, the current
invention provides a simple closed-form solution such
that explicit eigen decomposition or iterative
eigenvector approximation methods are not required.
FIG. 4 provides a flow chart for primary-ambient
decomposition of two-channel audio signals using
principal components analysis. The process begins in
step 401 where a two-channel audio signal is received.
In step 403, the audio channel signals are converted
to a time-frequency representations XL[k,m] and
XR[k,m] , e.g. using the STFT. In step 405, the
cross-correlation rLR [k, m] and auto-correlations rLL
[k,m] and [ m] are computed, in a preferred embodiment
by the recursive inner product computation method
described earlier. In step 407, the largest eigenvalue
of the signal correlation matrix is computed according
to [k,m] =-{r LL [k,m] +rRR [k,m])+ - rRR [k,m]f + \2.
In this method, the computation of the largest
eigenvalue of the correlation matrix can be carried
out directly using the correlation quantities computed
in step 405 and does not require explicit formation of
channel vectors, a signal matrix, or a correlation
matrix. In step 409, the principal component vector is
formed according to v[k,m] =rLR [k,m] X L[k,m]
+(l[k,m] - rLL [k,m]) X R[k,m] . 



In some embodiments, this principal component vector
may be normalized in step 409 although this is not
explicitly required. In step 411, the primary
components are determined by projecting the input
signal vectors on the principal eigenvector according
towhere rvL [ ,m]=v[k,mf X L[k,m] rv [ ,m] = v[ ,m] [
,m] rvv [k,m] =v[k,m]Hv[k,m] and where the division by
rvv [k,m] is protected against singularities. If rvv
[k,m] is below a certain threshold, the primary
component (for that k and m) is assigned a zero value.
In step 413, the ambience components are computed by
subtracting the primary components derived in step 411
from the original signals according to: LL[/:,m] =
XL[k,m]-PL[k,m] Those skilled in the arts will
recognize that in some implementations the primary
component vector and the ambience component vector can
be determined at each sample time m such that explicit
formation of primary and ambient component vectors is
not required in the implementation; such
sample-by-sample implementations are within the scope
of the invention. In step 415, the primary and ambient
components are provided to a post processing and
rendering algorithm which includes a conversion of the
frequency-domain primary and ambient components into
time-domain signals. Those skilled in the arts will
understand that the projection of the signal onto the
principal component in step 411 could be implemented
in a number of ways, for instance byexpressing the
autocorrelation rw in a closed form based on other
quantities. The current invention is not limited with
regard to the manner of computation of the projection
of the signals onto the primary component; any
computational method to derive this projection is
within the scope of the invention. In some
implementations it may be preferable to use the
approach described above for the sake of computational
efficiency. FIG. 5 is a vector diagram illustrating
primary-ambient decomposition based on principal
components analysis. Signal vector 501 is decomposed
into primary component 505 and ambience component 507,
and signal vector 503 is decomposed into primary
component 509 and ambience component 511. As the
diagram illustrates, the ambience component 507 is
orthogonal to the primary component 505, and the
ambience component 5 11 is orthogonal to the primary
component 509. Furthermore, the primary components 505
and 509 are collinear. The PCA decomposition satisfies
the primary commonality constraint (5) and the
primary-ambient orthogonality conditions (6)-(7) by
construction. However, the constraint (8) is violated
in that the estimated ambience components are actually
collinear (with a negative correlation). Furthermore,
when the input signals are not highly correlated (and
the primary dominance assumption does not hold), the
PCA approach overestimates the primary component in
the decomposition. While the PCA method provides a
perceptually compelling primary component for many
natural audio signals, it is necessary to address
these shortcomings in a general algorithm. In the
following sections, corrective methods which leverage
the PCA primary component estimation but improve the
decomposition for weakly correlated signals are
described. Modified PCA Primary-Ambient
DecompositionThe PCA-based primary-ambient
decomposition relies on the assumption that the
primary component is dominant. When this is the case,
as in many audio recordings, the primary component
extraction is perceptually compelling. However, the
PCA decomposition generally underestimates the amount
of ambience energy, most markedly when the two
channels are uncorrelated (and there is no true
primary component); instead of identifying both
channels as ambient, it selects the higher-energy
channel as the principal component (which corresponds
to the primary unit vector in the decomposition) and
the lower-energy channel as the secondary component
(which corresponds to the ambience unit vector). The
PCA is thus clearly valid only when the dominance
assumption holds, i.e. when the correlation
coefficient between the two channel signals, denoted
as , is close to one. As \fLR approaches zero, the
primary-ambient decomposition would indeed be better
estimated by considering the signal to be entirely
ambient. This observation suggests an ad hoc
modification of the PCA decomposition: (9) L =\FLR
I(pLvL+aLeL)+(l- \fLR \)xL (10) xL =\fLR IpLvL+\fLR
IaLeL+(l - \fLR \)xL where the first term in (10) and
(11) corresponds to the respective modified primary
components and the latter two terms in (10) and (11)
correspond to the respective modified ambient
components. Using (3) and (4) and carrying out some
algebraic manipulations yields expressions for the
modified primary and ambience components in terms of
the original components:The modification thus adjusts
the balance between the primary and ambience
components by reassigning some of the original primary
component to the ambience component for each channel.
An example of this modified PCA decomposition is
depicted in FIG. 2(b), where it should be clear that
the estimated ambience components are significantly
less correlated than 



in the PCA decomposition of FIG. 2(a). Informal
listening tests indicate that this approach provides
an improvement over PCA for synthetic test signals and
typical music audio. The modified PCA approach yields
a better decomposition than PCA for uncorrelated or
weakly correlated input signals. Orthogonal Ambience
Basis Expansion FIG. 6 is a diagram illustrating
decomposition of an audio signal into primary and
ambient components using a signal-adaptive orthogonal
ambience basis and a primary unit vector derived by
principal components analysis in accordance with one
embodiment of the present invention. The embodiments
described previously do not provide a decomposition
that explicitly satisfies the inter-channel ambience
orthogonality condition in (8). An alternative
embodiment ensures that the ambience components are
always orthogonal by directly constructing the
ambience unit vectors to be orthogonal, i.e. to
constitute an orthonormal basis for the signal
subspace. The basis is derived such that (12) r = -
Wx, xwhich ensures that the ambience basis functions
are not biased with respect to either of the input
signals. Furthermore, if the input signals are fully
uncorrelated, the ambience unit vectors will be found
as normalized versions of the signals themselves. The
ambience basis derivation consists of two steps:
first, an orthogonal basis for the signal subspace is
constructed using a Gram-Schmidt process: (13) gL =
(14) gR =xR -{g L HxR )g L where gR is subsequently
normalized. Then, the ambience unit vectors are
determined by rotating the Gram-Schmidt basis: where
is used; this choice of g rotates the Gram-Schmidt
basis such that the resulting ambience unit vectors eL
and eR satisfy the condition in (12). After the
ambience basis is derived, each channel is decomposed
using the corresponding ambience unit vector and a
primary unit vector derived via PCA; the PCA unit
vector is retained in this algorithm due to its robust
performance for correlated (i.e. mostly primary) input
signals. The expansion coefficients are given by (17)
P L = Lf[v eL]) [v eLf xL(18) =y f[v ejj [v f x which
can be simplified as (19) t 1- v e and similarly for p
and a . If the input signals are not correlated, the
ambience basis expansion coefficients a and a will be
dominant, whereas if the input signals are highly
correlated, the primary coefficients will be dominant.
This can be viewed as a formalization of the
modification described in an earlier embodiment in
(9)-(l 1), with the distinction that the ambience
component orthogonality is always ensured here.
Several examples of signal decomposition using this
orthogonal ambience basis approach are illustrated in
FIG. 6; note that the ambience components are
orthogonal in all cases. OTHER EMBODIMENTS In other
embodiments, modifications may be based on the
generated decomposition. The primary and ambient
components can be individually modified to achieve
desired effects. For example, the ambience components
are enhanced in several embodiments. In one, the
ambience components are boosted and added back to
original primary components. In another embodiment,
the ambience components are enhanced to achieve a
reverberation effect / stereo widening. In accordance
with other embodiments, suppression of ambience
components takes place. For example, in one, the
ambience components are attenuated and added back to
original primary components. Such suppression is used
also for a dereverberation effect.In further
embodiments, enhancement or suppression of primary
components is implemented. For example, in one
embodiment, the primary components are boosted and
added back to the original ambience. In another
embodiment, the primary components are attenuated
(suppressed) and added back to original ambience.
Suppression of primary components decomposed in
accordance with the techniques described earlier is
used in one embodiment for reducing voice components
for karaoke applications. Although the foregoing
invention has been described in some detail for
purposes of clarity of understanding, it will be
apparent that certain changes and modifications may be
practiced within the scope of the appended claims.
Accordingly, the present embodiments are to be
considered as illustrative and not restrictive, and
the invention is not to be limited to the details
given herein, but may be modified within the scope and
equivalents of the appended claims.CLAIMS What is
claimed is: 1. A method for processing a multichannel
audio signal to determine primary and 



ambient components of the signal, the method
comprising: converting each channel of the
multichannel audio signal to corresponding subband
vectors, wherein the vectors comprise a time sequence
or history of the channel signal's behavior in
corresponding subbands; determining a primary
component unit vector for each subband; determining
primary component vectors for each audio channel in
each subband by projecting the channel subband vector
onto the primary component unit vector; determining
the ambience component vector for each channel in each
frequency subband as the projection residual; and
adjusting the balance between the primary and ambient
vectors to generate modified primary and ambient
components. 2. The method as recited in claim 1,
wherein the primary component unit vector for each
subband is determined by a principal component
analysis of the corresponding subband channel vectors.
3. The method as recited in claim 1, wherein the
balance is adjusted in accordance with a measure of
the dominance of the primary component. 4. The method
as recited in claim 3, wherein the balance is adjusted
such that when the measure of the dominance of the
primary component approaches zero, the primary and
ambient components are modified to conform with an
estimation that the signal is entirely ambient. 5. The
method as recited in claim 3, wherein the measure of
the dominance of the primary component corresponds to
the correlation coefficient between the channel
subband vectors.6. The method as recited in claim 1,
wherein the balance is adjusted so as to achieve a
desired effect on the reconstructed audio signal. 7.
The method as recited in claim 6, wherein the balance
is adjusted so as to attenuate the ambience component
with respect to the primary component. 8. The method
as recited in claim 6, wherein the balance is adjusted
so as to magnify the ambience component with respect
to the primary component. 9. The method as recited in
claim 1, wherein the balance between the primary and
ambient vectors is adjusted by reassigning some of the
primary component to the ambience component for each
channel. 10. The method as recited in claim 1, wherein
the multichannel audio signal is a twochannel audio
signal. 11. A method for processing a multichannel
audio signal to determine primary and ambient
components of the signal, the method comprising:
converting each channel of the multichannel audio
signal to corresponding subband vectors, wherein the
vectors comprise a time sequence or history of the
channel signal's behavior in corresponding subbands;
determining ambience unit vectors for each channel and
each subband after forming an orthogonal basis for the
signal subspace defined by the corresponding channel
subband vectors; determining a primary component unit
vector for each subband; and decomposing the subband
vector for each channel using the corresponding
ambience unit vector and the primary unit vector. 12.
The method as recited in claim 11, wherein the primary
component unit vector for each subband is determined
by a principal component analysis of the corresponding
subband channel vectors.13. The method as recited in
claim 11, wherein the orthogonal basis for the signal
subspace defined by the channel subband vectors is
derived at least in part by a Gram- Schmidt
orthogonalization of the channel subband vectors. 14.
The method as recited in claim 11, wherein the
orthogonal basis for the signal subspace defined by
the channel subband vectors is configured to
correspond to the unit vectors defined by the channel
subband vectors in the case that the channel subband
vectors are uncorrelated. 15. The method as recited in
claim 11, wherein the balance is adjusted so as to
achieve a desired effect on the reconstructed audio
signal. 16. The method as recited in claim 15, wherein
the balance is adjusted so as to attenuate the
ambience component with respect to the primary
component. 17. The method as recited in claim 15,
wherein the balance is adjusted so as to magnify the
ambience component with respect to the primary
component. 18. The method as recited in claim 11,
wherein the multichannel audio signal is a two-channel
audio signal. 


