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CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority of provisional U.S. Application No.

61/894,831 filed October 23, 2013, which is hereby incorporated by reference in its entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which as been submitted via

EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII copy, created

on October 3, 2014, is named P5689R1-WG SL.txt and is 25,035 bytes in size.

FIELD

[ΘΘ 3 Methods of diagnosing and treating disorders related to excess eosinophil

numbers or activity, including but not limited to asthma, are provided. Also provided are

methods of selecting or identifying patients for treatment with certain therapeutic agents that

are Ί Ή 2 pathway inhibitors

BACKGROUND

[0004] Asthma is a complex disease with increasing worldwide incidence. Among other

events, eosinophilic inflammation has been reported in the airways of asthma patients. The

pathophysiology of the disease is characterized by variable airflow obstruction, airway

inflammation, mucus hypersecretion, and subepithelial fibrosis. Clinically, patients may

present with cough, wheezing, and shortness of breath. While many patients are adequately

treated with currently available therapies, some patients with asthma have persistent disease

despite the use of curren t therapies.

[ΘΘ05 A plethora of drugs are on the market or in development for treating asthma.

Targets for asthma therapy include cytokines such as 11.-13, L- , L-5, and IL-4 as well as

targets associated with allergy such as IgE. Exemplary therapeutic molecules on the market

and therapeutic candidates in development for the treatment of asthma include, but are not

limited to, omalizumab (XOLAIR®) (targeting soluble IgE) {see, e.g., Chang et al, J Allergy

Clin Immunol. 117 (6): 1203-12 (2006); Winchester et al., N. Engl. J. Med. 355 (12): 1281-2

(2006); Brodiie et al, Arch Dis Child. 97 (7): 604-9 (2012); Bousquet et al, Chest 125 (4):

1378-86 (2004); Scliulman, ES, Am J Respir Crit Care Med. 64 (8 Pt 2): S6-11 (2001);

Chang et al, Adv Immunol. 93: 63-1 19 (2007)), lebrikizumab (targeting 1L-13) (see, e.g.,



Corren et al. (201 1) N Engl J Med 365: 1088-98; Scheerens et al. (2012) Am J Respir Crit Care

Med 185: A3960; Jia et al. (2012) J Allergy Clin Immunol 130: 647-654 e O: WO

2012/083132), mepoiizumab (targeting IL-5) (see, e.g., Haldar et al, N Engl J Med. 2009

Mar 5;360(10):973-84; Nair et al, Engl J Med. 2009 Mar 5;360(10):985-93; Pavord et al.,

The Lancet 380 (9842): 651-659, doi: 10. 1016/80140-6736(1 2)60988-X), and quilizumab

(targeting membrane-bound IgE) (see, e.g., US patent pub. no. 2013/024.3750).

[0006] Although human asthma is commonly regarded as an allergic disorder

characterized by type 2 cytokine expression and eosinophilic inflammation in the airways, it

is clearly heterogeneous with respect to airway inflammation. Genomic approaches have

identified heterogeneous gene expression patterns in asthmatic airways corresponding to the

degree of type 2 cytokine expression and eosinophilic inflammation. These gene expression

patterns have led to the identification of candidate biomarkers of eosinophilic airway

inflammation that do not require bronchoscopy or sputum induction. Candidate biologic

therapies targeting mediators of type 2 airway inflammation have progressed through clinical

studies in patients with moderate-severe asthma in recent years. Serum periostin, fractional

exhaled nitric oxide (FENO), d blood eosinophil counts are among those biomarkers that

have emerged as potential predictive and pharmacodynamics biomarkers that may enrich for

clinical benefit in clinical studies of biologic therapies targeting L- .3, IL-5, and IgE. Arron

et al., 2013, DOI: 10.1513/AnnalsATS.201303-047AW.

[0007] Although such biomarkers as discussed above have demonstrated potential for

identifying asthma patients that may be more likely to respond to particular therapeutic

treatments, to date none have been validated and approved for such use by regulatory

authorities. In addition, the previously identified biomarkers may have certain practical

limitations and confounding factors associated with their use such as a need for a particular

device to measure the biomarker, significant intrapatient or interpatient variability, or

biomarker levels that may vary during development (e.g., pediatric levels compared to adult

levels) or may be associated with additional disease states beyond asthma. A so, no clinically

validated diagnostic markers, e.g., biomarkers, have been identified that enable clinicians or

others to accurately define pathophysiological aspects of asthma, clinical activity, response to

therapy, prognosis, or risk of developing the disease. Accordingly, as asthma patients seek

treatment, there is at present considerable trial and error involved in the search for therapeutic

agent(s) effective for a particular patient. Such trial and error often involves considerable

ris and discomfort the the patient in order to find the most effective therapy.



[0008] Thus, there is a continuing need to Identify new biomarkers that are effective for

determining which asthma patients, and patients suffering with other atopic or eosinophilic

disorders such as, for example but not limited to, atopic dermatitis, allergic rhinitis, nasal

polyposis, eosinophilic esophagitis, hypereosinophilie syndrome, will respond to which

treatment and for incorporating such determinations into more effective treatment regimens

for asthma and other eosinophilic-disorder patients. In addition, statistically and biologically

significant and reproducible information regarding associations of such biomarkers with

disease state could be utilized as an integral component in efforts to identify specific subsets

of patients who would be expected to significantly benefit from treatment with a particular

therapeutic agent, for example, where the therapeutic agent is or has been shown in clinical

studies to be of therapeutic benefit in such specific patient subpopulation.

[0009] The invention described herein meets certain of the above-described needs and

provides other benefits

SUMMARY

[0010] This application provides therapeutic agents for inhibiting the TH2 pathway and

better methods of using the same. This application also provides better methods for

diagnosing disease for use in treating the disease optionally with the TH2 pathway inhibitor.

[0011] The methods of treatment and diagnosis as provided herein can be applied to

patients suffering from asthma, eosinophilic disorder, respiratory disorders, IL-13 mediated

disorder and/or IgE-mediated disorder, or symptoms related to those disorders. Patients

suffering from asthma-like symptoms, include patients that have not been diagnosed with

asthma may be treated according to the methods provided herein.

[00 ] According to one embodiment, a patient treated according to the methods

provided herein suffers from asthma, an eosinophilic disorder, a respiratory disorder, an IL-

3 mediated disorder and/or an IgE-mediated disorder, or symptoms related to those

disorders, and does not have cancer or a neoplasm. According to another embodiment, the

patient treated according to the methods provided herein is suffering from asthma,

eosinophilic disorder, respiratory disorders, L - 3 mediated disorder and/or IgE-mediated

disorder, or symptoms related to those disorders, and is 2 years old or older, 2 years old or

older, 18 years old or older, 19 years old or older, between 2 and 18 years old, between 2 and

17 years old, between 12-17 years old, between 2 and 18 years old, between 2 and 75 years

old, between 12 and 75 years old, or between 8 and 75 years old.



[00 ] In some embodiments, an Eosinophilic Inflammation Diagnostic Assay (EIDA) is

provided.

[0014] In some embodiments, methods of identifying an asthma patient or a respiratory-

disorder patient who is likely to be responsive to treatment with a TH2 pathway inhibitor are

provided. In some embodiments, the method comprises determining whether the patient is

Eosinophilic Inflammation Positive (EIP) using an Eosinophilic Inflammation Diagnostic

Assay (EIDA), wherein the EIP status indicates that the patient is likely to be responsi ve to

treatment with the ΊΉ 2 pathway inhibitor.

[0015] In some embodiments, methods of identifying an asthma patient or a respiratory-

disorder patient who is likely to suffer from severe exacerbations are provided. In some

embodiments, the method comprises determining whether the patient is Eosinophilic

Inflammation Positive (EIP) using an Eosinophilic Inflammation Diagnostic Assay (EIDA),

wherein the EIP status indicates that the patient is likely to suffer from an increase in severe

exacerbations. In some embodiments, the methods comprise obtaining a biological sample

from the patient, measuring the mRNA level of at least one, at least two, or at least three

markers in the sample selected from CSFI, MEIS2, LGALS12, DO , THBS4, OLIG2,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44,

MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2, comparing the mRNA

level detected in the sample to a reference level, and predicting that the patient is likely to

suffer from severe exacerbations when the mRNA level measured in the sample is elevated

compared to the reference level. In some embodiments, the methods comprise (a) measuring

the mRNA level of at least one, at least two, or at least three markers selected from CSFI,

MEIS2, LGALS12, IDOI, TFIBS4, OLIG2, ALOX15, SIGLEC8, CCL23, PYR XD2,

HSD3B7, SORD, ASB2, CAC G6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC,

CYP4F12, and ABTB2 in a biological sample from the patient; (b) comparing the mRNA

level measured in (a) to a reference level; and (c) identifying the patient as more likely to

suffer from severe exacerbations when the mRNA level measured in (a) is above the

reference level. In some embodiments, the measuring the mRNA levels comprises

amplification. In some embodiments, the measuring the mRNA levels comprises quantitative

PGR. In some embodiments, the measuring the mR levels comprises amplifying the

mRNA and detecting the amplified product, thereby measuring the level of the mRNA. In

some embodiments, the reference level is the median level of the respective marker in a

reference population. In some embodiments, the at least one, at least two, or at least three



markers are selected from CSF1, MEIS2, CCL23, HSD3B7, SORD, CACNG6, MGAT3,

SLC47A1, and ABTB2. n some embodiments, the at least one, at least two, or at least three

markers are selected from MEIS2, LGALS12, TDOI, ALOX15, SIGLEC8, CCL23,

PYROXD2, HSD3B7, CACNG6, and GPR44. n some embodiments, the at least one, at

least two, or at least three markers are selected from CCL23, IDOl, HSD3B7, and CACNG6.

In some embodiments, the at least one, at least two, or three markers are selected from

CCL23, IDOl, and CACNG6. In some embodiments, the at least one, at least two, or three

markers are selected from HSD3B7, SIGLEC8, and GPR44. In some embodiments, the at

least one, at least two, at least three, or four markers are selected from SIGLEC8, CCL23,

CAC G6, and GPR44.

[0016] In some embodiments, methods of identifying an asthma patient or a respiratory

disorder patient who is less likely to be responsive to treatment with a TH2 pathway inhibitor

are provided. In some embodiments, the method comprises determining whether the patient

is Eosinophilic Inflammation Negative (EIN) using an Eosinophilic Inflammation Diagnostic

Assay (EIDA), wherein the EIN status indicates that the patient is less likely to be responsive

to treatment with the TH2 pathway inhibitor.

[0017] In some embodiments, methods of monitoring an asthma patient being treated

with a T 2 Pathway inhibitor are provided. In some embodiments, the method comprises

determining whether the patient is Eosinophilic Inflammation Positive (EIP) or Eosinophilic

Inflammation Negative (EIN) using an Eosinophilic Inflammation Diagnostic Assay (EIDA).

In some embodiments, the method further comprises determining a treatment regimen for the

TH2 pathway inhibitor. In some such embodiments, the determination of EIP indicates

continuing therapy with the TH2 pathway inhibitor and the determination of EIN indicates

discontinuing therapy with the TH2 pathway inhibitor.

[00 8] In any of the embodiments described herein, the EIDA may comprise the steps of

a) determining the level of at least one, at least two, or at least three markers selected from

CSF1, MEIS2, LGALS12, IDOl, THBS4, OLIG2, ALOX15, SIGLEC8, CCL23,

PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT.3, SLC47AI, SMPD3,

CCR3, CLC, CYP4F12, and ABTB2 in a sample obtained from the patient; and b) comparing

the levels of the at least one, at least two, or at least three markers determined in step a.) to a

reference level. In some embodiments, the EIDA further comprises c) stratifying said patient

into the category of responder or non-responder based on the comparison obtained in step b).

In some embodiments, a method further comprises selecting a therapy comprising a T 2



pathway inhibitor if the patient is a responder. In some of the above embodiments, the E DA

comprises determining the level of at least one, at least two, at least three, or four markers

selected fro SIGLEC8, CCL23, CACNG6, and GPR44.

[ΘΘ 9 In any of the embodiments described herein, the EIDA may comprise the steps of

a) detenninmg t e level of at least one, at least two, or at least three markers selected from

CSF1, MEIS2, CCE23, HSD3B7, SORD, CACNG6, MGAT3, SLC47AI, and ABTB2 in a

sample obtained from the patient; and b) comparing the levels of the at least one, at least two,

or at least three markers determined in step a) to a reference level. In some embodiments, the

EIDA further comprises c) stratifying said patient into the category of responder or non-

responder based on the comparison obtained in step b). In some embodiments, a method

further comprises selecting a therapy comprising a TH2 pathway inhibitor if the patien t is a

responder.

[0020] In any of the embodiments described herein, the EIDA may comprise the steps of

a) determining the level of at least one, at least two, or at least three markers selected from

MEIS2, LGALS12, 1D01, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, CACNG6,

and GPR44 in a sample obtained from the patient; and b) comparing the levels of the at least

one, at least two, or at least three markers determined in step a) to a . reference level. In some

embodiments, t e EIDA further comprises c) stratifying said patient into the category of

responder or non-responder based on the comparison obtained in step b). In some

embodiments, a method further comprises selecting a therapy comprising a TH2 pathway

inhibitor if the patient is a responder. In some of the above embodiments, the EIDA

comprises determining the level of at least one, at least two, at least three, or four markers

selected from SIGLEC8, CCL23, CACNG6, and GPR44.

[ΘΘ21 In any of the embodiments described herein, the EIDA may comprise the steps of

a) determining the level of at least one, at least two, or at least three markers selected from

C S. 3. IDOl, SD 7, and CAC G6 in a sample obtained from the patient; and b)

comparing the leveis of the at least one, at least two, or at least three markers determined in

step a) to a reference level. In some embodiments, the EIDA further comprises c) stratifying

said patient into the category of responder or non-responder based on the comparison

obtained in step b). In some embodiments, a method further comprises selecting a therapy

comprising a TH2 pathway inhibitor if the patient is a responder.

0022] In any of the embodiments described herein, the EIDA may comprise the steps of

a) determining the level of at least one, at least two, or three markers selected from CCL23,



DO , and CACNG6 in a sample obtained from the patient; and b) comparing the levels of

the at least one, at least two, or at least three markers determined in step a) to a reference

level. In some embodiments, the EIDA further comprises c) stratifying said patient into the

category of responder or non-responder based on the comparison obtained in step b). In

some embodiments, a method further comprises selecting a therapy comprising a TH2

pathway inhibitor if the patient is a responder.

[0023] In any of the embodiments described herein, the EIDA may comprise the steps of

a) determining the level of at least one, at least two, or three markers selected from HSD3B7,

SIGLEC8, and GPR44 in a sample obtained from the patient; and b) comparing the levels of

the at least one, at least two, or at least three markers determined in step a) to a reference

level. In some embodiments, the EIDA further comprises c) stratifying said patient into the

category of responder or non-responder based on the comparison obtained in step b). In

some embodiments, a method further comprises selecting a therapy comprising a T 2

pathway inhibitor if the patient is a responder.

[0024] In some embodiments, methods of predicting the response of a patient suffering

from asthma or a respiratory disorder to a therapy comprising a T 2 pathway inhibitor are

provided. In some embodiments, the method comprises obtaining a biological sample from

the patient and measuring the mRNA level of at least one, at least two, or at least three

markers in the sample selected from CSF1, MEIS2, LGALS12, IDOl, THBS4, OLIG2,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CAC G6, GPR44,

MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2. In some embodiments,

the method comprises comparing the mRNA level detected in the sample to a . reference level.

In some embodiments, the method comprises predicting that the patient will respond to the

therapy when the mRNA level measured in the sample is elevated compared to the reference

level and predicting that the patient will not respond to the therapy when the mRNA level

measured in the sample is reduced compared to the reference level. In some of the above

embodiments, the mRNA level of at least one, at least two, at least three, or four markers

selected from SIGLEC8, CCL23, CACNG6, and GPR44 is measured.

[0025] In some embodiments, methods of predicting responsiveness of an asthma patient

or a respiratory disorder patient to a ΤΉ 2 pathway inhibitor treatment are provided. I some

embodiments, the method comprises measuring the mRNA level of at least one, at least two,

or at least three markers selected from CSF1, MEIS2, LGALS12, IDOl, THBS4, OLIG2,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44,



MGAT3, SLC47A1, SMPD3, CC 3, CLC, CYP4F12, and ABTB2 in a biological sample

from the patient. n some embodiments, an elevated mRNA level compared to a reference

level identifies the patient as one who is likely to respond to the TH2 pathway inhibitor

treatment. n some of the above embodiments, the mRNA ievel of at least one, at least two,

at least three, or four markers selected from SIGLEC8, CCL23, CACNG6, and GPR44 is

measured.

[0026] n some embodiments, methods of identifying a patient suffering from asthma or a

respiratory disorder as likely to respond to a therapy comprising a T 2 pathway inhibitor are

provided. In some embodiments, the method comprises measuring the mRNA level of at

least one, at least two, or at least three markers selected from CSF1, MEIS2, LGALS12,

DO , THBS4, OLIG2, ALOX15, S1GLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2,

CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in a

biological sample from the patient. In some embodiments, the method further comprises

comparing the measured mRNA level to a reference level. In some embodiments,! e method

comprises identifying the patient as more likely to respond to the therapy comprising the TH2

pathway inhibitor when the measured mRNA level is above the reference level. In some of

the above embodiments, the mRN A level of at least one, at least two, at least three, or four

markers selected from SIGLEC8, CCL23, CACNG6, and GPR44 is measured.

J 27] In some embodiments, methods of treating patients having asthma or a respiratory

disorder are provided. In some embodiments, the method comprises measuring the mRNA

level of at least one, at least two, or at least three markers selected from CSF1, MEIS2,

LGALS12, IDOI, THBS4, OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7,

SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4FI2, and

ABTB2 in a biological sample from the patient. In some embodiments, the method

comprises comparing the measured mRNA level to a reference level. In some embodiments,

the method comprises identifying the patient as more likely to respond a therapy comprising

a TH2 pathway inhibitor when the measured mRNA level is above the reference level. In

some embodiments, the method comprises administering the therapy when the measured

mRNA level is above the reference level, thereby treating the asthma or respiratory disorder.

In some of the above embodiments, the mRNA level of at least one, at least two, at least

three, or four markers selected from SIGLEC8, CCL23, CACNG6, and GPR44 is measured.

[0028] In some embodiments, a method of treating asthma or a respiratory disorder in a .

patient comprises administering to the patient a therapeutically effective amount of a T F 2



pathway inhibitor, wherein a biological sample obtained from the patient has been

determined to have elevated mRNA levels of at least one, at least two, or at least three

markers selected from CSF1, MEIS2, LGALS12, IDOl, THBS4, OLIG2, ALOX15,

SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3,

SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2. n some of the above

embodiments, elevated mRNA levels of at least one, at least two, at least three, or four

markers selected from SIGLEC8, CCL23, CACNG6, and GPR44 has been determined.

[0029] In some embodiments, a method of treating asthma or a respiratory disorder in a

patient comprises administering to the patient a therapeutically effecti ve amount of a TH2

pathway inhibitor, wherein the patient has been selected for treatment based on elevated

mRNA levels in biological sample obtained from the patient of at least one, at least two, or at

least three markers selected from CSF1, MEIS2, LGALS12, IDOl, THBS4, OLIG2,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44,

MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2. In some of the above

embodiments, elevated mRNA levels of at least one, at least two, at least three, or four

markers selected from S1GLEC8, CCL23, CACNG6, and GPR44 has been determined.

[ΘΘ30] In any of the methods described herein, the at least one, at least two, or at least

three markers may be selected from CSF1 , MEIS2, CCL23, PISD3B7, SORD, CACNG6,

MGAT3, SLC47A1, and ABTB2. In any of the methods described herein, the at least one, at

least two, or at least three markers may be selected from MEIS2, LGALS12, IDO ,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, CACNG6, and GPR44. In any of the

methods described herein, the at least one, at least two, or at least three markers may be

selected from CCL23, IDOl, HSD3B7, and CACNG6. In any of the methods described

herein, the at least one, at least two, or three markers may be selected from CCL23, IDOl,

and CACNG6 In any of the methods described herein, the at least one, at least two, or three

markers may be selected from HSD3B7, SIGLEC8, and GPR44. In any of the methods

described herein, the at least one, at least two, or at least three markers or four markers may

be selected from SIGLEC8, CCL23, CACNG6, and GPR44.

[0031] In any of the embodiments described herein, determining the levels of at least one

marker may comprise amplification. In any of the embodiments described herein,

determining the levels of at least one marker may comprise RT-PCR. In any of the

embodiments described herein, determining the levels of at least one marker may comprise

quantitative PGR. In any of the embodiments described herein, measuring the mRNA levels



may comprise amplifying the mRNA and detecting the amplified product, thereby measuring

the level of the mRNA.

[0032] In any of the embodiments described herein, the reference level may be the

median, mean, or average level of the respective marker in a reference population. In any of

the embodiments described herein, the reference level may be the median level of the

respective marker in a reference population. In any of the embodimen ts described herein, the

reference level may be the mean level of the respective marker in a reference population. In

any of the embodiments described herein, the reference level may be the average level of the

respective marker in a reference population. Nonlimiting exemplary reference populations

include patients with asthma, patients with moderate to severe asthma, healthy individuals,

and a group including healthy individuals and patients with asthma. In some embodiments, a

reference population comprises patients with moderate to severe asthma. Further nonlimiting

exemplary reference populations include patients with an eosinophilic disorder (including the

eosinophilic disorders described herein), such as patients with atopic dermatitis, patients with

allergic rhinitis, patients with nasal polyposis, patients with eosinophilic esophagitis, patients

with hyper-eosinophilic syndrome, etc.

[0033] In some embodiments, if the level of at least one marker is above the reference

level the patient is stratified into the category of responder. In some embodiments, if the

level of at least one marker is above the reference level, the patient is Eosinophilic

Inflammation Positive (EXP).

[0034] In some embodiments, the biological sample is selected from blood, serum,

plasma, and peripheral blood mononucleocytes (PBMCs). In some embodiments, the

biological sample is PBMCs. In some embodiments, the biological sample is obtained from

an asthma patient. In certain embodiments, the patient according to the methods described

above is suffering from moderate to severe asthma. In certain embodiments, the asthma or

respiratory disorder is uncontrolled on a corticosteroid. In certain embodiments, the

corticosteroid is an inhaled corticosteroid. In certain embodiments, the inhaled corticosteroid

is Qvar®, Pulrnicort®, Symbicort®, Aerobid®, Flovent®, Flonase®, Advair® or

Azmaeort®. In one embodiment, the patient is a so being treated with a second controller.

In certain embodiments, the second controller is a long acting bronchial dilator (LABD). In

certain embodiments, the LABD is a long-acting beta-2 agonist (LABA), leukotriene receptor

antagonist (LTRA), long-acting muscarinic antagonist (LAMA), theophylline, or oral



corticosteroids (OCS). In certain embodiments, the LABD is Symbicort®, Advair®,

Brovana®, Foradil®, Perforomist or Serevent®.

[0035] In any of the embodiments described herein, d e patient may be 0-1 years old, 2-

7 years old, 2-6 years old, 6- years old. 8- 7 years old, - 7 years old, 2 years old or

older, 6 years old or older, or 12 years old or older. n some embodiments, d e patient is 8

years or older. In any of the embodiments described herein, the patient may be a human.

[0036] In any of die embodiments described herein, the TH2 pathway inhibitor may

inhibit the target ITK, BT , IL-9 (e.g., MEDI-528), IL-5 (e.g., Mepolizumab, CAS No.

196078-29-2; resilizumab), IL-13 (e.g., IMA-026, IMA-638 (also referred to as,

anrukinzumab, NN No. 910649-32-0; QAX-576; IL4/IL13 trap), traiokinumab (also referred

to as CAT-354, CAS No. 1044515-88-9); AER-001, ABT-308 (also referred to as humanized

13C5.5 antibody), L-4 (e.g., AER-001, 1L4/IL13 trap), OX4QL, TSLP, IL-25, 1L-33 and IgE

(e.g., XOLAIR, QGE-031; MEDI-4212; quilizumab); and receptors such as: IL-9 receptor,

IL-5 receptor (e.g., MEDI-563 fbenralizumab, CAS No. 0445 1-01-4), IL-4receptor alpha

(e.g., AMG-317, AIR-645, dupihimab), IL-13receptoralplial (e.g., R-167I) and -

13receptoralpha2, OX40, TSLP-R, II,-7Ralpha (a co-receptor for TSLP), IL17RB (receptor

for IL-25), ST2 (receptor for IL-33), CCR3, CCR4, CRTH2 (e.g., AMG-853, AP768, AP-

761, MLN6095, ACT 129968), FcepsilonRI, FcepsilonRII/CD23 (receptors tor IgE), Flap

(e.g., GSK2190915), Syk kinase (R-343, PF3526299); CCR4 (AMG-761 ), TLR9 (QAX-

935), or is a mu t -cytokine inhibitor of CCR3, IL5, IL3, GM-CSF (e.g., TPI ASMS).

[0037] In any of the embodiments described herein, the TH2 pathway inhibitor may be an

anti-IL13/IL4 pathway inhibitor or an anti IgE binding agent. In any of the embodiments

described herein, the TH2 pathway inhibitor may be an anti-IL-13 antibody. In certain

embodiments, the anti-IL-13 antibody is an antibody comprising a VII comprising a sequence

selected from SEQ ID NOs: 9, 19, and 21, and VL comprising a sequence selected from SEQ

ID NO: 10, 20, and 22, an anti-IL13 antibody comprising HVRH1, HVRH2, HVRH3,

HVRLl, HVRL2, and HVRL3, the respective HVRs having the amino acid sequence of SEQ

ID NO.: 11, SEQ ID NO.: 12, SEQ ID NO.: 13, SEQ ID NO.: 4 , SEQ ID NO.: , and SEQ

ID NO.: 6 or lebrikizumab.

[0038] In some embodiments, the patient is administered a flat dose of 37.5 mg, or 125

mg or 250 mg every four weeks. In some embodiments, the anti-IL-13 antibody is

administered subcutaneously. In some embodiments, the anti-IL-13 antibody is administered

using a prefilled syringe or autoinjector device.



[0039] In certain embodiments, the anti- L- 3 antibody is abispeciflc antibody. In

certain embodiments, the anti-IL-13 antibody is a bispecific antibody that also binds 1L-4.

[0040] In any of the embodiments described herein, the 2 pathway inhibitor may be an

anti-IgE antibody. In certain embodiments, the anti-IgE antibody is (i) the XOLAIR®

antibody, (ii) anti-Ml' antibody comprising a variable heavy chain and a variable light chain,

wherein the variable heavy chain is SEQ ID O:l and the variable light chain is SEQ ID

NO:2 or (iii) an anti-Ml ' antibody comprising a variable heavy chain and a variable light

chain, wherein the variable heavy chain further comprises an HVR-H1, HVR-H2 and HVR-

H3, and the variable light chain further comprises and HVR-Ll, HVR, L2 and HVR-L3 and:

(a) the HVR-H1 has the sequence of SEQ ID NO: 3 [GFTFSDYGIA]; (b) the HVR-H2 has

the sequence of SEQ ID NO: 4 [AFISDL AYTIYYADTVTG ]; (c) the HVR-H3 has the

sequence of SEQ ID NO: 5 [ARDN WDAMDY ; (d) the HVR-Ll has the sequence of SEQ

ID NO: 6 [RSSQSLVHNNANTYLH]; (e) the HVR-L2 has the sequence of SEQ ID NO: 7

[KVSNRFS]; ft) the HVR-L3 has the sequence of SEQ ID NO: 8 [SQNTLVPWT]. In some

embodiments, the anti-IgE antibody is an anti-Μ Γ antibody.

[0041] In some embodiments, the anti-Μ antibody is administered subcutaneously at a

flat dose of 1 0 g once every 12 weeks, 300 g once every 4 weeks or 450 g once every

12 weeks. In some embodiments, the anti-Ml ' antibody is administered subcutaiieouslv at a

flat dose of 150 mg once every 12 weeks. In some embodiments, the anti-Ml ' antibody is

administered subcutaneously at a flat dose of 450 mg once every 12 weeks. In some

embodiments, an additional dose of the anti-Ml ' antibody is administered subcutaneously

four weeks after administration of an initial dose.

[0042] In one embodiment, a . patient treated with a . T 2 pathway inhibitor according to

this invention is also treated with one, two, three or more therapeutic agents. In one

embodiment, the patient is an asthma patient. According to one embodiment, the patient is

treated with the TH2 pathway inhibitor and one, two, three or more therapeutic agents,

wherein at least one therapeutic agent, other than the TH2 inhibitor, is a corticosteroid, a

leukotriene antagonist, a AJ A, a corticosteroid/LABA combination composition, a

theophylline, cromolyn sodium, nedocromil sodium, omalizumab, a LAMA, a MABA, a 5-

Lipoxygenase Activating Protein (FLAP) inhibitor, or an enzyme PDE-4 inhibitor.

According to one aspect of the invention, a TFI2 pathway inhibitor is administered to an

asthma patient diagnosed as E P status, wherein the diagnosis comprises the use of an E D

assay (alone or in combination with other assays) to determine the EIP status. In one further



embodiment, the asthma patient is uncontrolled on a corticosteroid prior to the treatment. In

another embodiment, the asthma patient is also being treated with a second controller. In one

embodiment, the second controller is a corticosteroid, a LABA or a ieukotriene antagonist. In

a further embodiment, the asthma patient is suffering from moderate to severe asthma. Thus,

in one embodiment, the patient to be treated with the TH2 pathway inhibitor is a moderate to

severe asthma patient who is uncontrolled on a corticosteroid prior to treatment with the TH2

pathway inhibitor, and then is treated with the ΤΉ 2 pathway inhibitor and one, two, three or

more controllers. In one embodiment, at least one of the controllers is a corticosteroid. In a

further embodiment, such patient is treated with a TH2 pathway inhibitor, a corticosteroid

and another controller. In another embodiment, the patient is suffering from mild asthma but

is not being treated with a corticosteroid. It should be understood that the therapeutic agents

may have different treatment cycles as compared with the ΤΉ 2 inhibitor and, consequently

can be administered at different times compared to the Τ Ι 2 inhibitor as a part of the patient's

treatment. Therefore, according to one embodiment, a method of treatment according to this

invention comprises the steps of administering to a patient a TH2 pathway inhibitor}' and

optionally, administering at least one, two or three additional therapeutic agents. In one

embodiment, the ΤΉ 2 pathway inhibitor is present in a composition with another therapeutic

agent. In another embodiment, the T 2 pathway inhibitor is not present in a composition

with another therapeutic agent.

[0043] According to another embodiment, the invention comprises a method for treating

asthma comprising administering an anti-IL-13 antibody comprising a VH comprising a

sequence selected from SEQ ID NOs: 9, , and 21, and VL comprising a sequence selected

from SEQ ID NO: 10, 20, and 22; an anti-IL13 antibody comprising HVRI , HVRH2,

HVRH3, HVRL1, HVRL2, and HVRL3, wherein the respective HVRs have the amino acid

sequence of SEQ ID NO.: 11, SEQ ID NO.: 12, SEQ ID NO.: 13, SEQ ID NO.: 14, SEQ ID

NO : 5, and SEQ ID NO.: 16; or lebrikizumab; as a fiat dose. In one embodiment an anti-

II, 3 antibody comprising a VH comprising a sequence selected from SEQ ID NOs: 9, 19,

and 2 1 and VL comprising a sequence selected from SEQ ID NO: 10, 20, and 22 is

administered as a flat dose (i.e., not weight dependent) of between 125-1000 mg, or a flat

dose of 37.5 mg, or a flat dose of 125 mg, or a flat dose of 250 mg, or a flat dose of 500 mg,

by subcutaneous injection or by intravenous injection, at a frequency of time selected from:

every 2 weeks, every 3 weeks, and every 4 weeks. In one embodiment an anti-IL13 antibody

comprising HVR , HVRH2, HVRH3, HVRL1, HVRL2, and HVRL3, the respective HVRs



having the amino acid sequence of SEQ ID NO.: 1, SEQ ID NO.: 12, SEQ ID NO.: 13, SEQ

ID NO.: 14, SEQ ID NO.: 15, and SEQ ID NO.: 16 is administered as a flat dose (i.e., not

weight dependent) of between 125-1000 mg, or a flat dose of 37.5 mg, or a flat dose of 125

mg, or a flat dose of 250 mg, or a flat dose of 500 mg, by subcutaneous injection or by

intravenous injection, at a frequency of time selected from every 2 weeks, every 3 weeks,

and every 4 weeks. In one embodiment, the anti-IL13 antibody is lebrikizumab, which is

administered as a flat dose (i.e., not weight dependent) of between 125-1000 mg, or a flat

dose of 37.5 mg, or a flat dose of 125 mg, or a flat dose of 250 mg, or a flat dose of 500 g,

by subcutaneous injection or by intravenous injection, at a frequency of time selected from:

every 2 weeks, every 3 weeks, and every 4 weeks. In some embodiments, the patient is

diagnosed with EIP using an EID Assay described herein.

[ΘΘ44] According to another embodiment, an antibody comprising VH comprising a

sequence selected from SEQ ID NOs: 9, 19, and 21, and VL comprising a sequence selected

from SEQ ID NO: 0, 20, and 22 is administered to treat asthma in therapeutically effective

amount sufficient to reduce the rate of exacerbations of the patient over time or improve

FEY). In yet another embodiment, the invention comprises a method for treating asthma

comprising administering an anti-IL-13 antibody comprising a VH comprising a sequence

selected from SEQ ID NOs: 9, , and 21, and VL comprising a sequence selected from SEQ

ID NO: 10, 20, and 22 or an anti-IL13 antibody comprising HVRH1, HVRH2, HVRH3,

HVRLl, HVRL2, and HVRL3, the respective HVRs having the amino acid sequence of SEQ

ID NO.: , SEQ ID NO.: 12, SEQ ID NO.: 13, SEQ ID NO.: 14, SEQ ID NO.: 15, and SEQ

ID NO.: 16 as a flat dose (i.e., not weight dependent) of 37.5 mg, or a fiat dose of 125 mg, or

a flat dose of 250 mg. In certain embodiments, the dose is administered by subcutaneous

injection once every 4 weeks for a . period of time. In certain embodiments, the period of time

is 6 months, one year, two years, five years, ten years, years, 20 years, or the lifetime of

the patient. In certain embodiments, the asthma is severe asthma and the patient is

inadequately controlled or uncontrolled on inhaled corticosteroids plus a second controller

medication. In some embodiments, the patient is diagnosed with EIP status using an EID

Assay to determine EIP status and the patient is selected for treatment with an anti-IL13

antibody as described above. In another embodiment, the method comprises treating an

asthma patient with an anti--IL13 antibody as described above where the patient was

previously diagnosed with EIP status using an EID Assay described herein to determine EIP

status. In one embodiment, the asthma patient is age or older. In one embodiment, the



asthma patient is age 12 to and the anti-ILI3 is administered in as a flat dose of 250 g or

a flat dose of 25 mg. n one embodiment, the asthma patient is age 6 to and the anti-IL13

antibody is administered in as a flat dose of 125 mg or a flat dose of 62.5 mg.

[ΘΘ45 The present invention provides a therapeutic agent thai is a TH2 pathway inhibitor

for use in treating asthma or a . respiratory disorder in a patient, wherein the patient is EIP. In

some embodiments, the target for inhibition in the TH2 pathway is selected from: IL-9, IL-5,

IL-13, 1L-4, OX4GL, TSLP, 1L-25, 1L-33 and IgE and receptors such as: IL-9 receptor, IL-5

receptor, IL-4receptor alpha, IL-!3receptoralphal and IL-13receptoralpha2, OX40, TSLP-R,

IL-7Raipha (a co-receptor for TSLP), L 7RB (receptor for IL-25), ST2 (receptor for IL-33),

CCR3, CCR4, CRTH2, FcepsilonRI and FcepsilonRE7CD23 (receptors for IgE). In one

embodiment, the patient to be treated according to the methods of the present invention is

suffering from mild to severe asthma, optionally moderate to severe asthma, and whose

asthma is uncontrolled on a corticosteroid. In some embodiments, the patient to be treated in

addition to having elevated levels of at least one, at least two, or at least three markers

selected from CSFI, ME S , LGALS12, IDOl, THBS4, OLIG2, ALOXI5, SIGLEC8,

CCL23, PYROXD2, IISD3B7, SORD, ASB2. CACNG6, GPR44, MGAT3, SLC47A1,

SMPD3, CCR3, CLC, CYP4F12, and ABTB2, or at least one, at least two, or at least three

markers selected from CSFI, MEIS2, CCL23, PTSD3B7, SORD, CACNG6, MGAT3,

SLC47A1, and ABTB2, or at least one, at least two, or at least three markers selected from

MEIS2, LGALS12, IDOl, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, CACNG6,

and GPR44, or at least one, at least two, or at least three markers selected from CCL23,

IDOl, HSD3B7, and CAC G6, or at least one, at least two, or all three markers selected

from CCL23, IDOL and CACNG6, or at least one, at least two, or all three of the markers

selected from HSD3B7, SIGLEC8, and GPR44, or at least one, at least two, at least three, or

all four markers selected from SIGLEC8, CCL23, CACNG6, and GPR44, has a FE O level

greater than 2 ppb, or greater than 3 ppb.

[0046] In another aspect, uses of a kit for measuring the levels of at least one, at least

two, or at least three markers selected from CSFI, MEIS2, LGALS12, IDOl, THBS4,

OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6,

GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in a sample

obtained from an asthma patient for stratifying/classifying asthma patients into likely

respondent and non-responders for therapeutic treatment with a ΤΉ 2 pathway inhibitor. In

certain embodiments, the use comprises the steps of: (a) determining the levels of at least



one, at least two, or at least three markers selected from CSF , MEIS2, LGALS1 2, TDO ,

THBS4, OLIG2, ALO 5, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2,

CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in a

sample obtained from an asthma patient; (b) comparing the levels of the one or more markers

determined in step (a) to a reference level; and (c) stratifying said patient into the category of

responder or non-responder based on the comparison obtained in step (b).

[0047] n another aspect, uses of a kit for measuring the levels of at least one, at least

two, or at least three markers selected from CSF1, MEIS2, CCL23, HSD3B7, SORD,

CACNG6, MGAT3, SLC47A1, and ABTB2 in a sample obtained from an asthma patient for

stratifying/classifying asthma patients into likely respond ers and noti-responders for

therapeutic treatment with a Ί Ή 2 pathway inhibitor n certain embodiments, the use

comprises the steps of: (a) determining the levels of at least one, at least two, or at least three

markers selected from CSF1, MEIS2, CCL23, HSD3B7, SORD, CACNG6, MGAT3,

SLC47A1, and ABTB2 in a sample obtained from an asthma patient; (b) comparing the

levels of the one or more markers determined in step (a) to a reference level; and (c)

stratifying said patient into the category of responder or non-responder based on the

comparison obtained in step (b).

[0048] In another aspect, uses of a kit for measuring the levels of at least one, at least

two, or at least three markers selected from MEIS2, LGALSI2, DO , ALOX15, SIGLEC8,

CCL23, PYROXD2, HSD3B7, CACNG6, and GPR44 in a sample obtained from an asthma

patient for stratifying/classifying asthma patients into likely responders and non-responders

for therapeutic treatment with a T 2 pathway inhibitor. n certain embodiments, the use

comprises the steps of: (a) determining the levels of at least one, at least two, or at least three

markers selected from MEIS2, LGALS12, IDOl, ALOXI5, SIGLEC8, CCL23, PYROXD2,

HSD3B7, CACNG6, and GPR44 in a sample obtained from an asthma patient; (b) comparing

the levels of the one or more markers determined in step (a) to a reference level; and (c)

stratifying said patient into the category of responder or non-responder based on the

comparison obtained in step (b).

0049] In another aspect, uses of a kit for measuring the levels of at least one at least

two, or at least three markers selected from CCL23, IDOl, HSD3B7, and CACNG6, or uses

of a kit fro measuring the levels of at least one, at least two, at least three, or a l four markers

selected from SIGLEC8, CCL23, CACNG6, and GPR44 in a sample obtained from an

asthma patient for stratifying/classifying asthma patients into likely responders and non-



responders for therapeutic treatment with a TH2 pathway inhibitor. In certain embodiments,

the use comprises the steps of: (a) determining the levels of at least one, at least two, or at

least three markers selected from CCL23, IDOl, HSD3B7, and CACNG6, or determining the

levels of at least one, at least two, at least three, or all four markers selected from SIGLEC8,

CCL23, CACNG6, and GPR44 in a sample obtained from an asthma patient; (b) comparing

the levels of the one or more markers determined in step (a) to a reference level; and (c)

stratifying said patient into the category of responder or non-responder based on the

comparison obtained in step (b).

J 50] In another aspect, uses of a kit for measuring the levels of at least one, at least

two, or all three markers selected from CCL23, IDOl, and CAC G6, or uses of a kit for

measuring the levels of at least one, at least two, at least three, or all four markers selected

from S1GLEC8, CCL23, CAC G6, and GPR44 in a sample obtained from an asthma patient

for stratifying/classifying asthma patients into likely responders and non-responders for

therapeutic treatment with a . TH2 pathway inhibitor. In certain embodiments, the use

comprises the steps of: (a) determining the levels of at least one, at least two, or all three

markers selected from CCL23, IDO , and CACNG6, or determining the levels of at least one,

at least two, at least three, or all four markers selected from SIGLEC8, CCL23, CAC G6,

and GPR44 in a sample obtained from an asthma patient; (b) comparing the levels of the one

or more markers determined in step (a) to a reference level; and (c) stratifying said patient

into the category of responder or non-responder based on the comparison obtained in step (b).

ΘΘ51 In another aspect, uses of a kit for measuring the levels of at least one, at least

two, or all three markers selected from HSD3B7, SIGLEC8, and GPR44 in a sample obtained

from an asthma patient for stratifying/classifying asthma patients into likely responders and

non-responders for therapeutic treatment with a TH2 pathway inhibitor. In certain

embodiments, the use comprises the steps of: (a) determining the levels of at least one, at

least two, or all three markers selected from HSD3B7, SIGLEC8, and GPR44 in a sample

obtained from an asthma patient; (b) comparing the levels of the one or more markers

determined in step (a) to a reference level; and (c) stratifying said patient into the category of

responder or non-responder based on the comparison obtained in step (b).

[0052] In any of the embodiments described herein, determining the levels of at least one

marker may comprise amplification. In any of the embodiments described herein,

determining the levels of at least one marker may comprise RT-PCR. In any of the

embodiments described herein, determining the levels of at least one marker may comprise



quantitative PGR. In any of the embodiments described herein, measuring the mRNA levels

may comprise amplifying the mRNA and detecting the amplified product, thereby measuring

the level of the mRNA.

[ΘΘ53 In some embodiments, a reference level of a marker is the median level of the

marker in a reference population. In any of the embodiments described herein, the reference

level may be the mean level of the respective marker in a reference population. In some

embodiments, a reference level of a marker is the average level of the marker in a reference

population. Nonlimiting exemplary reference populations include patients with asthma,

patients with moderate to severe asthma, healthy individuals, and a group including healthy

individuals and patients with asthma. In some embodiments, a . reference population

comprises patients with moderate to severe asthma. Further nonlimiting exemplary reference

populations include patients with an eosinophilic disorder (including the eosinophilic

disorders described herein), such as patients with atopic dermatitis, patients with allergic

rhinitis, patients with nasal polyposis, patients with eosinophilic esophagitis, patients with

hyper-eosmophiiic syndrome, etc.

[0054] In some embodiments, if the level of at least one marker is above the reference

level, the patient is stratified into the category of responder. In some embodiments, if the

level of at least one marker is above the reference level, the patient is Eosinophilic

Inflammation Positive (EIP).

[0055] In some embodiments, the biological sample is selected from blood, serum,

plasma, and peripheral blood mononucleocytes (PBMCs). In some embodiments, the

biological sample is PBMCs. In some embodiments, the biological sample is obtained from

an asthma patient. In certain embodiments, the patient according to the uses described in the

paragraph above is suffering from moderate to severe asthma. In certain embodiments, the

asthma or respiratory disorder is uncontrolled on a corticosteroid. In certain embodiments,

the corticosteroid is an inhaled corticosteroid. In certain embodiments, the inhaled

corticosteroid is Qvar®, Pulmieort®, Symbicort®, Aerobid®, Flovent®, Flonase®, Advair®

or Azmacort®. In one embodiment, the patient is also being treated with a second controller.

In certain embodiments, the second controller is a . long acting bronchial dilator (LABD). In

certain embodiments, the LABD is a long-acting beta-2 agonist (LABA), leukotriene receptor

antagonist (LTRA), long-acting muscarinic antagonist (LAMA), theophylline, or oral

corticosteroids (OCS). In certain embodiments, the LABD is Symbicort®, Advair®,

Brovana®, Foradil®, Perforomist™ or Serevent®.



[0056] In certain embodiments, the TH2 pathway inhibitor according to the uses above

inhibits the target TK, BTK , IL-9 (e.g., MEDI-528), IL-5 (e.g., Mepolizumab, CAS No.

196078-29-2; resilizumab), IL-13 (e.g., IMA-026, Μ Α -638 (also referred to as,

anrukinzumab, INN No. 910649-32-0; QAX-576; IL4/IL13 trap), tralokinumab (also referred

to as CAT-354, CAS No. 1044515-88-9); AER-001, ABT-308 (also referred to as humanized

13C5.5 antibody), IL-4 (e.g., AER-001, IL4/TLI 3 trap), OX40L, TSLP, IL-25, IL-33 and IgE

(e.g., XOLAIR, QGE-031; MEDI-4212; quilizumab); and receptors such as: IL-9 receptor,

IL-5 receptor (e.g., MEDI-563 (benralizumab, CAS No. 104451 1-01-4), IL-4receptor alpha

(e.g., AMG-317, AIR-645, dupilumab), IL-13receptoralphal (e.g., R-1671) and IL-

13receptoralpha2, OX40, TSLP-R, IL-7Ralpha (a co-receptor for TSLP), 1L17RB (receptor

for IL-25), ST2 (receptor for IL-33), CCR3, CCR4, CRTH2 (e.g., AMG-853, AP768, AP-

761, MLN6G95, ACT129968), FeepsiloiiRI, FcepsiIonRII/CD23 (receptors for IgE), Flap

(e.g., GSK2190915), Syk kinase (R-343, PF3526299); CCR4 (AMG-761), TLR9 (QAX-

935), or is a multi-cytokine inhibitor of CCR3, IL5, IL3, GM-CSF (e.g., TPI ASMS).

[0057] In any of the embodiments described herein, the TH2 pathway inhibitor may be an

an ti-IL13/IL4 pathway inhibitor or an anti IgE binding agent. In any of the embodiments

described herein, the TH2 pathway inhibitor may be an anti-IL-13 antibody. In certain

embodiments, the anti-IL-13 antibody is an antibody comprising a VH comprising a sequence

selected from SEQ ID NOs: 9, 19, and 21, and VL comprising a sequence selected from SEQ

ID NO: 10, 20, and 22, an anti-lLi3 antibody comprising HVRHl, HVRH2, HVRH3,

VRL , HVRL2, and HVRL3, the respective HVRs having the amino acid sequence of SEQ

ID NO.: 11, SEQ ID NO.: 12, SEQ ID NO.: 13, SEQ ID NO.: 4 , SEQ ID NO.: 5, and SEQ

ID NO.: 6 or lebrikizumab.

[0058] In certain embodiments, the a i- L-1 antibody is a bispecific antibody. In

certain embodiments, the anti-IL-1 3 antibody is a bispecific antibody that also binds IL-4.

[0059] In any of the embodiments described herein, the TH2 pathway inhibitor may be an

anti-IgE antibody. In certain embodiments, the anti-IgE antibody is (i) the XOLAIR®

antibody, ( i) anti-Μ antibody comprising a variable heavy chain and a variable light chain,

wherein the variable heavy chain is SEQ ID NO:l and the variable light chain is SEQ ID

NO:2 or (iii) an anti-Μ Γ antibody comprising a variable heavy chain and a variable light

chain, wherein the variable heavy chain further comprises an HVR-H1, HVR-H2 and HVR-

H3, and the variable light chain further comprises and HVR-Ll, HVR, L2 and HVR-L3 and:

(a) the HVR-H1 has the sequence of SEQ ID NO: 3 [GFTFSDYGIA] ; (b) the HVR-H2 has



the sequence of SEQ TD NO: 4 [AFISDLAYTIYYADTVTG ]; (c) the HVR-H3 has the

sequence of SEQ D NO: 5 [ARDN WDAMDY ; (d) the HVR-L1 has the sequence of SEQ

TD NO: 6 [RSSQSLVHNNANTYLH]; (e) the HVR-L2 has the sequence of SEQ ID NO: 7

| VS R! Si: (f) the HVR-L3 has the sequence of SEQ D NO: 8 [SQNTLVPWT]. In some

embodiments, the anti-IgE antibody is an anti-Μ Γ antibody

[0060] In any of the embodiments described herein, the patien t may be 0-17 years old, 2-

17 years old, 2-6 years old, 6-1 1 years old, 8-17 years old, 12-17 years old, 2 years old or

older, 6 years old or older, or 12 years old or older. In some embodiments, the patient is 18

years or older. In any of the embodiments described herein, the patient may be a human.

[0061] In yet another aspect, kits for measuring the levels of at least one, at least two, or

at least three markers selected from CSFl, MEIS2, LGALS1 , IDOl, THBS4, OLIG2,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44,

MGAT3, SLC47AL SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in a biological sample

obtained from an asthma patie t or a patie t suffering from a respiratory disorder are

provided. In some embodiments, the kit comprises instructions for (i) measuring the mRNA

levels of the at least one, at least two, or at least three markers, (ii) comparing the levels of

the at least one, at least two, or at least three markers to reference level, and (iii) stratifying

said patient into the category of responder or non-responder based on the comparison. In

some embodiments, the kit comprises at least one, at least two, or at least three first nucleic

acid molecules that hybridize to at least one, at least two, or at least three second nucleic acid

molecules, wherein the at least one, at least two, or at least three second nucleic acid

molecules encode at least one, at least two, or at least three markers selected from CSFl,

MEIS2, LGALS12, IDOl, TPIBS4, OLIG2, ALOXI5, SIGLEC8, CCL23, PYROXD2,

HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC,

CY P4F , and ABTB2 or a portion thereof. In certain embodiments, the kit comprises a

package insert containing information describing the uses provided above.

[0062] In yet another aspect, kits for measuring the levels of at least one, at least two, or

at least three markers selected from CSFl, MEIS2, CCL23, FISD3B7, SORD, CACNG6,

MGAT3, SLC47A1, and ABTB2 in a biological sample obtained from an asthma patient or a

patient suffering from a respiratory disorder are provided. In some embodiments, the kit

comprises instructions for (i) measuring the mRNA levels of the at least one, at least two, or

at least three markers, (ii) comparing the levels of the at least one, at least two, or at least

three markers to a reference level, and (iii) stratifying said patient into the category of



responder or non-responder based on the comparison. In some embodiments, the kit

comprises at least one, at least two, or at least three first nucleic acid molecules that hybridize

to at least one, at least two, or at least three second nucleic acid molecules, wherein the at

least one, at least two, or at least three second nucleic acid molecules encode at least one, at

least two, or at least three markers selected from CSF1, MEIS2, CCL23, HSD3B7, SORD,

CACNG6, MGAT3, SLC47A1 , and ABTB2 or a portion thereof. In certain embodiments, the

kit comprises a package insert containing information describing the uses provided above.

[0063] In yet another aspect, kits for measuring the levels of at least one, at least two, or

at least three markers selected from MEIS2, LGALS12, IDOl, ALOX15, SIGLEC8, CCL23,

PYROXD2, HSD3B7, CACNG6, and GPR44 in a biological sample obtained from an asthma

patient or a patient suffering from a respiratory disorder are provided. In some embodiments,

the kit comprises instructions for (i) measuring the mRNA levels of the at least one, at least

two, or at least three markers, (ii) comparing the levels of the at least one, at least two, or at

least three markers to a reference level, and (iii) stratifying said patient into the category of

responder or non-responder based on the comparison. In some embodiments, the kit

comprises at least one, at least two, or at least three first nucleic acid molecules that hybridize

to at least one, at least two, or at least three second nucleic acid molecules, wherein the at

least one, at least two, or at least three second nucleic acid molecules encode at least one, at

least two, or at least three markers selected from MEIS2, LGALS12, IDOl, ALO 15,

SIGLEC8, CCL23, PYROXD2, HSD3B7, CACNG6, and GPR44 or a portion thereof. In

certain embodiments, the kit comprises a package insert containing information describing

the uses provided above.

[0064] In yet another aspect, kits for measuring the levels of at least one, at least two, or

at least three markers selected from CCL23, IDOl, HSD3B7, and CAC G6, or kits for

measuring the leels of at least one, at least two, at least three, or all four markers selected

from S1GLEC8, CCL23, CACNG6, and GPR44 in a biological sample obtained from an

asthma patient or a patient suffering from a . respiratory disorder are provided. In some

embodiments, the kit comprises instructions for (i) measuring the mRNA levels of the at least

one, at least two, or at least three markers, (ii) comparing the levels of the at least one, at least

two, or at least three markers to a reference level, and (iii) stratifying said patient into the

category of responder or non-responder based on the comparison. In some embodiments, the

kit comprises at least one, at least two, or at least three first nucleic acid molecules that

hvbridxze to at least one, at least two, or at least three second nucleic acid molecules, wherein



the at least one, at least two, or at least three second nucleic acid molecules encode at least

one, at least two, or at least three markers selected from CCL23, 1D01, HSD3B7, and

CACNG6 or a portion thereof, or at least one, at least two, or at least three selected from

SIGLEC8, CCL23, CACNG6, and GPR44 or a portion thereof. n certain embodiments, the

kit comprises a package insert containing information describing the uses provided above.

[0065] In yet another aspect, kits for measuring the levels of at least one, at least two, or

a l three markers selected from CCL23, IDOl, and CACNG6 in a biological sample obtained

from an asthma patient or a patient suffering from a respiratory disorder are provided. In

some embodiments, the kit comprises instructions for (i) measuring the mRNA levels of the

at least one, at least two, or at least three markers, (ii) comparing the levels of the at least one,

at least two, or at least three markers to a reference level, and (iii) stratifying said patient into

the category of responder or non-responder based on the comparison. n some embodiments,

the kit comprises at least one, at least two, or at least three first nucleic acid molecules that

hybridize to at least one, at least two, or at least three second nucleic acid molecules, wherein

the at least one, at least two, or at least three second nucleic acid molecules encode at least

one, at least two, or all three markers selected from CCL23, IDOl, and CACNG6 or a portion

thereof. In certain embodiments, the kit comprises a package insert containing information

describing the uses provided above.

|0066] In yet another aspect, kits for measuring the levels of at least one, at least two, or

all three markers selected from HSD3B7, SIGLEC8, and GPR44 in a biological sample

obtained from an asthma patient or a patient suffering from a respiratory disorder are

provided. In some embodiments, the kit comprises instructions for (i) measuring the mRNA

levels of the at least one, at least two, or at least three markers, (ii) comparing the levels of

the at least one, at least two, or at least three markers to a reference level, and (iii) stratifying

said patient into the category of responder or non-responder based on the comparison. In

some embodiments, the kit comprises at least one, at least two, or at least three first nucleic

acid molecules that hybridize to at least one, at least two, or at least three second nucleic acid

molecules, wherein the at least one, at least two, or at least three second nucleic acid

molecules encode at least one, at least two, or all three markers selected from HSD3B7,

SIGLEC8, and GPR44 or a portion thereof. In certain embodiments, the kit comprises a

package insert containing information describing the uses provided above.

[0067] In still yet another aspect, kits for diagnosing an asthma subtype in a patient are

provided, the kits comprising: (1) determining the levels of at least one, at least two, or at



least three markers selected from CSF1, MEIS2, LGALS12, DO , THBS4, OLIG2,

ALOX15, SIGLEC8, CCL23, PYRGXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44,

MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in a serum sample

obtained from the patient; and (2) instructions for measuring the levels of the at least one, at

least two, or at least three markers selected from CSF , MEIS2, LGALS12, IDOl, THBS4,

OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6,

GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in the serum

sample, wherein the elevated expression levels of any one, combination or all of said markers

is indicative of the asthma subtype

[0068] In still yet another aspect, kits for diagnosing an asthma subtype in a patient are

provided, the kits comprising: (1) determining the levels of at least one, at least two, or at

least three markers selected from CSFI, MEIS2, CCL23, HSD3B7, SORD, CACNG6,

MGAT3, SLC47A1, and ABTB2 in a serum sample obtained from the patient; and (2)

instructions for measuring the levels of the at least one, at least two, or at least three markers

selected from CSFI, MEIS2, CCL23, HSD3B7, SORD, CACNG6, MGAT3, SLC47AI, and

ABTB2 in the serum sample, wherein the elevated expression levels of any one, combination

or al of said markers is indicative of the asthma subtype

[0069] In still yet another aspect, kits for diagnosing an asthma subtype in a patient are

provided, the kits comprising: (I) determining the levels of at least one, at least two, or at

least three markers selected from MEIS2, LGALS12, IDOl, ALOX15, S1GLEC8, CCL23,

PYROXD2, HSD3B7, CACNG6, and GPR44 in a serum sample obtained from the patient:

and (2) instructions for measuring the levels of the at least one, at least two, or at least three

markers selected from MEIS2, LGALSI2, IDOl, ALOX15, SIGLEC8, CCL23, PYROXD2,

HSD3B7, CACNG6, and GPR44 in the seram sample, wherein the elevated expression levels

of any one, combination or all of said markers is indicative of the asthma subtype.

[ΘΘ70] In still yet another aspect, kits for diagnosing an asthma subtype in a patient are

provided, the kits comprising: (1) determining the levels of at least one, at least two, or at

least three markers selected from CCL23, IDOl, HSD3B7, and CACNG6 in a serum sample

obtained from the patient; and (2) instructions for measuring the levels of the at least one, at

least two, or at least three markers selected from CCL23, IDOl, HSD3B7, and CACNG6 in

the serum sample, wherein the elevated expression levels of any one, combination or all of

said markers is indicative of the asthma subtype.



[0071] In still ye another aspect, k ts for diagnosing an asthma subtype in a patient are

provided, the kits comprising: (1) determining the levels of at least one, at least two, or all

three markers selected from CCL23, IDO and CACNG6 in a serum sample obtained from

the patient; and (2) instructions for measuring the levels of the at least one, at least two, or all

three markers selected from CCL23, IDOl, and CACNG6 in the serum sample, wherein the

elevated expression levels of any one, combination or al of said markers is indicative of the

asthma subtype.

[0072] In still yet another aspect, kits for diagnosing an asthma subtype in a patient are

provided, the kits comprising: (I) determining the levels of at least one, a least two, or all

three markers selected from HSD3B7, SIGLEC8, and GPR44 in a serum sample obtained

from the patient; and (2) instruc tions for measuring the levels of the at leas t one, at least two,

or all three markers selected from HSD3B7, SIGLEC8, and GPR44 in the serum sample,

wherein the elevated expression levels of any one, combination or a l of said markers is

indicative of the asthma subtype.

[0073] In still yet another aspect, kits for diagnosing an asthma subtype in a patient are

provided, the kits comprising: 1) determining the levels of at leas t one, at least two, at least

three, or all four markers selected from SIGLEC8, CCL23, CACMG6, and GPR44 in a serum

sample obtained from the patient; and 2) instructions for measuring the levels of the at least

one, at least two, at least three, or all four markers selected from SIGLEC8, CCL23,

CAC G6, and GPR44 in the serum sample, wherein the elevated expression levels of any

one, combination or all of said markers is indicative of the asthma subtype.

[0074] In some embodiments, the kit further comprises a package insert for determining

whether a asthma patient or respiratory disorder patient is EIP or ΕΓΝ . In some

embodiments, the kit further comprises a package insert for determining whether an asthma

patient is likely to respond to a Ί Ή 2 pathway inhibitor. In some embodiments, the kit further

comprises a package insert containing information describing any of the uses provided above.

In some embodiments, the kit further comprises an empty container to hold a biological

sample. n some embodiments, the kit comprises reagents for determining the levels of the

one or more markers. In some embodiments, the reagents for determining the levels of the

one or more markers include, but are not limited to, one or more first nucleic acid molecules

that hybridize to one or more second nucleic acid molecules that encode one or more markers

selected from CSF1, MEIS2, LGALS12, IDOl, THBS4, OLIG2, ALOX15, SIGLEC8,



CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1,

SMPD3, CCR3, CLC, CYP4F12, and ABTB2.

[0075] In still another aspect, methods of treating of a patient suffering from asthma or a .

respiratory disease comprising administering a TH2 pathway inhibitor to the patient

diagnosed as EIP are provided. In certain embodiments, the methods comprise the step of

diagnosing the patient as EIP using an EID Assay. In certain embodiments, the methods

further comprise the step of retreating the patient with the TH2 pathway inhibitor if the

patient is determined to be EIP. In certain embodiments, serum, whole blood, PBMCs, or

plasma from the patient is used to determine whether the patient is EIP.

BRIEF DESCRIPTION OF THE DRAWINGS

0076] Figure 1. Serum perio in is elevated in asthma patients under the age of 8 years

but is not related to age in adult asthma patients. (A) Serum periostin level vs. age in 783

asthma patients from omaliziimab studies 008, 009, 010, and EXTRA, 1 9 of whom were

under the age of 8 years. (B) Range and distribution of serum periostin levels by study.

Thick horizontal black line denotes median, box and whiskers denote interquartile and total

ranges, respectively.

[0077] Figure 2 . Relationship between blood eosinophils and age is continuous across

pediatric and adult asthma patients. (A) Blood eosinophil counts vs. age in 2028 asthma

patients from omaliziimab studies 008, 009, 010, and EXTRA, 4 3 of whom were under the

age of 18 years. (B) Range and distribution of blood eosinophil counts by study. Thick

horizontal black line denotes median, box and whiskers denote interquartile and total ranges,

respectively.

[0078] Figure 3. Serum periostin levels and blood eosinophil counts are positively

correlated in adult but not pediatric asthma patients. (A) adults in the EXTRA study; (B)

adults in the MILLY study; (C) patients age 12-17 in EXTRA; (D) patients age 6-12 in study

0 0. rS, Spearman's rank-order correlation coefficient.

[0079] Figure 4. Different cellular distribution of eosinophii-related genes in peripheral

blood. Selected genes correlated with blood eosinophil counts in EXTRA are variably

expressed in isolated peripheral blood leukocyte populations in GSE3982 (Liu et al. (2006) J

Allergy Clin Immunol 8: 496-503). (A) SIGLEC8 expression is mainly restricted to

eosinophils. (B) CLC expression is restricted to eosinophils and basophils. (C) CSF1

expression is distributed across multiple peripheral blood leukocyte types including



eosinophils, basophils, mast cells, neutrophils, dendritic cells, macrophages, and T

lymphocytes. (D) OLIG2, described as a transcription factor expressed in oligodendrocyte

cells in the central nervous system, is expressed at elevated levels in eosinophils. (E) PMP22,

which encodes peripheral myelin protein expressed in Schwann ceils in the peripheral

nervous system, is expressed in multiple myeloid lineage cell types.

[0080] Figure 5. Expression of peripheral blood genes related to eosinophils iden tifies

moderate -severe asthma patients with increased clinical benefit from lebrikizumab. Blood

gene expression was successfully measured at day 0 prior to the first dose of lebrikizumab or

placebo in 200 patients in the M LLY study Corren et a . (201 ) Engl J Med 365: 88-

98) and patients were divided according to the median level of each transcript indicated on

the x-axis. The difference in percent change from baseline in mean FEV[ between

lebrikizumab and placebo-treated patients after 2 weeks of treatment in patients with gene

expression above vs. below the median level for each gene is shown. Dots represent mean

placebo adjusted change in FEV and whiskers represent 95% confidence intervals. Thin

black lines with solid circles, selected individual genes; Thick black lines with stippled

circles, non-gene expression biomarkers serum periostin, blood eosinophil counts, and Fe O

in the same population of patients for whom gene expression data were available are

indicated for illustrative p qx ses.

[0081] Figure 6. Consistent enhancement of clinical response in patients with gene

expression levels above vs. below the median over a 32-week period. Selected genes shown:

(A) THBS4; (B) SIGLEC8; (C) CCL23; (D) GPR44; (E) CSF1; (F) MEIS2; (G) LGALS12;

(H) ID Percent change from baseline in FEV in lebrikizumab -treated patients shown in

grey, placebo-treated patients shown in black. Patients with gene expression levels above the

median for the entire population shown in upper panels; below the median shown in lower

panels. In cases where there was missing data, last observation carried forward (LOCF) was

used as per Corren et a . (20 ) N Engl J Med 365: 1088-98.

[ΘΘ82] Figure 7. Relationship between blood eosinophil percentage and age in the

GALA II pediatric cohort (Ped. Study). Asthmatic patients shown in triangles; healthy

controls in circles. rS, Spearman's rank-order correlation coefficient.

[ΘΘ83] Figure 8. Examples of match and mismatch between gene expression and blood

eosinophil percentage in adult and pediatric subjects. Expression of peripheral blood levels of

eosinophil-related transcripts (-AACt) plotted as a function of the square root of blood

eosinophil percentage. Adult moderate-severe asthmatic subjects (BOBCAT) shown in



squares; pediatric asthmatic subjects (GALA [Ped. Study]) shown in triangles; pediatric

healthy control subjects (GALA [Fed. Study]) shown in circles. (A) CCL23 expression

exhibits a consistent relationship to blood eosinophilia regardless of age or diagnosis; (B)

CCL expression is comparably related to blood eosinophilia but at different levels in adults

and pediatric subjects; (C) CSFl expression varies in both correlation coefficient and scaling

between adult and pediatric subjects.

[0084] Figure 9. Model of effects of age and blood eosinophil percentage on gene

expression in MILLY, BOBCAT, and GALA II cohorts. A linear regression model was

constructed: Gene expression ------ (blood eosinophil pereentage)-2 + Age + Age*(blood

eosinophil percentage)-2 + batch and the estimates for blood eosinophil percentage and age

are plotted w h 95% confidence intervals for each transcript. Genes with absolute value

estimates > 1 for eosinophil percentage and < 0.025 for age are listed as the transcripts

maximizing relationships to eosinophil percentage independent of age.

DETAILED DESCRIPTION

[0085] A references cited herein, including patent applications and publications, are

incorporated by reference in their entirety for any purpose.

[0086] Unless defined otherwise, technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. Singleton et al, Dictionary of Microbiology and Molecular Biology 2nd ed., J.

Wiley & Sons (New York, N.Y. 1994), and March, Advanced Organic Chemistry Reactions,

Mechanisms and Structure 4th ed., John Wiley & Sons (New York, N.Y. 92), provide one

skilled in the art with a general guide to many of the terms used in the present application.

CERTAIN DEFINITIONS

[0087] For purposes of interpreting this specification, the following definitions will apply

and whenever appropriate, terms used in the singular will also include the plural and vice

versa. In the event that any definition set forth below conflicts with any document

incorporated herein by reference, the definition set forth below shall control.

[0088] As used in this specification and the appended claims, the singular forms "a," "an"

and "the" include plural referents unless the context clearly dictates otherwise. Thus, for

example, reference to "a protein" or an "antibody' ' includes a plurality of proteins or

antibodies, respecti vely; reference to "a cell" includes mixtures of cells, and the like.



[0089] As used herein, "Eosinophilic Inflammation Diagnostic Assay," abbreviated

"EIDA" or "EID Assay" is an assay that diagnoses a patient having eosinophilic

inflammation in the body or TH2 pathway inflammation in the body by measuring levels of

at least one eosinophilic inflammation marker in a biological sample from a patient, wherein

at least one, at least two, or at least three of the markers is selected from CS , MEIS2,

LGALS12, IDOl, THBS4, OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7,

SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and

ABTB2. Tn some embodiments, an EID Assay comprises measuring levels of at least one

eosinophilic inflammation marker in a biological sample from a patient, wherein at least one,

at least two, or at least three of the markers is selected from CSFl, MEIS2, CCL23, HSD3B7,

SORD, CACNG6, MGAT3, SLC47A1, and ABTB2. In some embodiments, an EID Assay

comprises measuring levels of at least one eosinophilic inflammation marker in a biological

sample from a patient, wherein at least one, at least two, or at least three of the markers is

selected from MEIS2, LGALS12, IDOl, ALOX15, SIGLEC8, CCL23, PYROXD2,

HSD3B7, CACNG6, and GPR44. In some embodiments, an EID Assay comprises measuring

levels of at least one eosinophilic inflammation marker in a biological sample from a patient,

wherein at least one, at least two, or at least three of the markers is selected from CCL23,

IDOl, HSD3B7, and CACNG6. In some embodiments, an EID Assay comprises measuring

levels of at least one eosinophilic inflammation marker in a biological sample from a patient,

wherein at least one, at least two, or all three of the markers is selected from CCL23, IDOl,

and CAC G6. In some embodiments, an EID Assay comprises measuring levels of at least

one eosinophilic inflammation marker in a biological sample from a . patient, wherein at least

one, at least two, or all three of the markers is selected from IISD3 B7, S1GLEC8, and

GPR44. In some embodiments, an EID Assay comprises measuring levels of at least one

eosinophilic inflammation marker in a biological sample from a patient, wherein at least one,

at least two, at least three, or all four of the markers is selected from SIGLEC8, CCL23 ,

CACNG6, and GPR44. In some embodiments, mRNA levels are measured. In some

embodiments, two or more assays can be conducted to make a diagnosis of eosinophilic

inflammation in a patient. In one embodiment, the EID Assay comprises measuring levels of

at least one eosinophilic inflammation marker as described above, in combination with a

F E assay.

[0090] Eosinophilic Inflammation Positive (EIP) Patient or Status: refers to a patient

who, if a biological sample from that patient had been tested for levels of at least one, at least



two, or at least three markers selected from CSF1, MEIS2, LGALS12, IDOl, THBS4,

OLIG2, ALOX15, SIGLEC8 CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6,

GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4FI2, and ABTB2 would have a

level of one or more of the selected markers that is above the reference level of the respective

marker. In some embodiments, the biological sample is RNA obtained from blood, e.g.,

whole blood or a cellular fraction of blood, such as PBMC. In some embodiments, the

biological sample is serum or plasma. In some embodiments, a patient is E P if a biological

sample from that patient had been tested for levels of at least one, at least two, or at least

three markers selected from CSF1, MEIS2, CCL23, HSD3B7, SORD, CAC G6, MGAT3,

SLC47A1, and ABTB2 would have a level of one or more of the markers that is above the

reference level of the respective marker. In some embodiments, a patient is EIP if a

biological sample from that patient had been tested for levels of at least one, at least two, or

at least three markers selected from MEIS2, LGALS12, IDOl, ALOX15, SIGLEC8, CCL23,

PYROXD2, HSD3B7, CACNG6, and GPR44 would have a level of one or more of the

markers that is above the reference level of the respective marker. In some embodiments, a

patient is EIP if a biological sample from that patient had been tested for levels of at least

one, at least two, or at least three markers selected from CCL23, IDOl, HSD3B7, and

CACNG6 would have a level of one or more of the markers that is above the reference level

of the respective marker. In some embodiments, a patient is EIP if a biological sample from

that patient had been tested for levels of at least one, at least two, or all three markers selected

from CCL23, IDOl, and CACNG6 would have a level of one or more of the markers that is

above the reference level of the respective marker. In some embodiments, a patient is EIP if a

biological sample from that patient had been tested for levels of at least one, at least two, or

a l three markers selected from HSD3B7, SIGLEC8, and GPR44 would have a level of one or

more of the markers that is above the reference level of the respective marker. In some

embodiments, a patient is EIP if a biological sample from that patient had been tested for

levels of at least one, at least two, at least three or all four markers selected from SIGLEC8,

CCL23, CACNG6, and GPR44 would have a level of one or more of the markers that is

above t e reference level of the respective marker. In some embodiments, the reference level

is the median level in a . reference population. In some embodiments, a reference level of a

marker is the mean level of the marker in a reference population. In some embodiments, a

reference level of a marker is the average level of the marker in a reference population.

Nonlimiting exemplar}' reference populations include patients with asthma, patients with



moderate to severe asthma, healthy individuals, and a group including healthy individuals

and patients with asthma. In some embodiments, a reference population comprises patients

with moderate to severe asthma. Further noniimiting exemplar}' reference populations

include patients with an eosinophilic disorder (including the eosinophilic disorders described

herein), such as patients with atopic dermatitis, patients with allergic rhinitis, patients with

nasal polyposis, patients with eosinophilic esophagitis, patients with hyper-eosinophilic

syndrome, etc.

[0091] In any of the embodimen ts described herein, the level of an m NA that encodes

the marker may be determined. Various methods of determining an mRNA level in a

biological sample are known in the art and/or are described herein. In some embodiments,

the biological sample is RNA obtained from blood, e.g., whole blood or a cellular fraction of

blood, such as PBMC. In some embodiments, the biological sample is serum or plasma. In

some embodiments, detection of the level of an mRNA comprises reverse transcription

polymerase chain reaction (RT-PCR). In some embodiments, detection of the level of an

mRNA comprises quantitative PGR (qPCR).

[0092] Eosinophilic Inflammation Negative (EIN) Patient or Status refers to a patient

who, if a biological sample from that patient had been tested for levels of at least one, at least

two, or at least three markers selected from CSFl, MEIS2, LGALS12, IDOl, THBS4,

OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6,

GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 would have a

level of each of the selected markers that is at or below the reference level of the respective

marker. In some embodiments, the biological sample is RNA obtained from blood, e.g.,

whole blood or a cellular fraction of blood, such as PBMC. In some embodiments, the

biological sample is serum or plasma. In some embodiments, a patient is EIN if a biological

sample from that patient had been tested for levels of at least one, at least two, or at least

three markers selected from CSFl, MEIS2, CCL23, HSD3B7, SORD, CACNG6, MGAT3,

SLC47AI , and ABTB2 would have a level of each of the selected markers that is at or below

the reierence level of the respective marker. In some embodiments, a patient is EIN if a

biological sample from that patient had been tested for levels of at least one, at least two, or

at least three markers selected from MEIS2, LGALS12, IDOl, ALOX15, SIGLEC8, CCL23,

PYROXD2, HSD3B7, CACNG6, and GPR44 would have a level of each of the selected

markers that is at or below the reference level of the respective marker. In some

embodiments, a patient is EIN if a biological sample from that patient had been tested for



levels of at least one, at least two, or at least three markers selected from CCL23, ID0 ,

HSD3B7, and CACNG6 would have a level of each of the selected markers that is at or

below the reference level of the respective marker. I some embodiments, a patient is ETN if

biological sample from that patient had been tested for levels of at least one, at least two or

all three markers selected from CCL23, DO , and CACNG6 would have a level of each of

the selected markers tha is at or below the reference level of the respecti ve marker. n some

embodiments, a patient is EIN if a biological sample from that patient had been tested for

levels of at least one, at least two, or all three markers selected from HSD3B7, SIGLEC8, and

GPR44 would ve level of each of the selected markers that is at or below the reference

level of the respective marker. In some embodiments, a patient is EIN if a biological sample

from that patient had been tested for levels of at least one, at least two, at least three or all

four markers selected from SIGLEC8, CCL23, CACNG6, and GPR44 would have a level of

each of the selected markers that is at or below the reference level of the respective marker.

In some embodiments the reference level is the median level in a reference population. In

some embodiments, a reference level of a marker is the mean level of the marker in a

reference population. In some embodiments, a . reference level of marker is the average

level of the marker in a . reference population. Nonlimiting exemplary reference populations

include patienis with asthma, patients with moderate o severe asthma, healthy individuals,

and a group including healthy individuals and patients with asthma. n some embodiments, a

reference population comprises patients with moderate to severe asthma. Further nonlimiting

exemplary reference populations include patients with an eosinophilic disorder (including the

eosinophilic disorders described herein), such as patients with atopic dermatitis, patients with

allergic rhinitis, patients with nasal polyposis, patients with eosinophilic esophagitis, patients

with hyper-eosinophilie syndrome, etc.

[0093] It should be understood that the EIN Status represents the state of the patient, and

is not dependent on the type of assay used to determine the status. Thus, other Eosinophilic

Inflammation Diagnostic EID) Assays can be used or developed to be used to test for

Eosinophilic Inflammation Negative status.

|0094] In certain embodiments, the term "at the reference level" refers to a level of the

biomarker in the sample from the individual or patient that is essentially identical to the

reference level or to a level that differs from the reference level by up to 1%, up to 2%, up to

3%, up to 4%, up to 5%. In some embodiments, the reference level is the median level of the

biomarker in a reference population. In some embodiments, a reference level of a marker is



the mean level of the marker in a reference population. In some embodimen ts, a reference

ievel of a marker is the average level of the marker in a reference population. Nonlimiting

exemplary reference populations include patients with asthma, patients with moderate to

severe asthma, healthy individuals, and group including healthy individuals and patients

with asthma. In some embodiments, a reference population comprises patients with moderate

to severe asthma. Further nonlimiting exemplary reference populations include patients with

an eosinophilic disorder (including the eosinophilic disorders described herein), such as

patients with atopic dermatitis, patients with allergic rhinitis, patients with nasal polyposis,

patients with eosinophilic esophagitis, patients with hyper-eosinophilic syndrome, etc.

[0095] In certain embodiments, the term "above the reference level" refers to a level of

the biomarker in the sample from the individual or patient above the reference level by at

least 5%, 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95%, 100% or

greater, determined by the methods described herein, as compared to the reference level In

some embodiments, the reference ievel is the median level in a reference population. In some

embodiments, a reference level of a marker is the mean level of the marker in a reference

population. In some embodiments, a reference level of a marker is the average level of the

marker in a . reference population. Nonlimiting exemplary reference populations include

patients with asthma, patients with moderate to severe asthma, healthy individuals, and a

group including healthy individuals and patients with asthma. In some embodiments, a

reference population comprises patients with moderate to severe asthma. Further nonlimiting

exemplary reference populations include patients with an eosinophilic disorder (including the

eosinophilic disorders described herein), such as patients with atopic dermatitis, patients with

ailergic rhinitis, patients with nasal polyposis, patients with eosinophilic esophagitis, patients

with hyper-eosinophilic syndrome, etc.

[0096] In certain embodiments, the term "below the reference level" refers to a level of

the biomarker in the sample from the individual or patient belo the reference level by at

least 5%, 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95%, 00% or

greater, determined by the methods described herein, as compared to the reference level. In

some embodiments, the reference ievel is the median level in a reference population. In some

embodiments, a reference ievel of a marker is the mean level of the marker in a reference

population. In some embodiments, a reference level of a marker is the average level of the

marker in a reference population. Nonlimiting exemplary reference populations include

patients with asthma, patients with moderate to severe asthma, healthy individuals, and a



group Including healthy individuals and patients with asthma. In some embodiments, a

reference population comprises patients with moderate to severe asthma. Further nonlimiting

exemplary reference populations Include patients with an eosinophilic disorder (including the

eosinophilic disorders described herein), such as patients with atopic dermatitis, patients with

allergic rhinitis, patients with nasal polyposis, patients with eosinophilic esophagitis, patients

with hyper-eosinophilic syndrome, etc.

[0097] The terms "marker" and "biomarker" are used interchangeably to refer to a

molecule, including a gene, protein, carbohydrate structure, or glycolipid, metabolite, R A,

i A, protein, DNA (cDNA or genomic DNA), DNA copy number, or an epigenetic

change, e.g., increased, decreased, or altered DNA methylation (e.g., cytosine methylation,

or CpG methylation, non-CpG methyiaiions); histone modification (e.g., (de)acetylation, (de)

methylation, (de) phosphorylation, ubiquitination, SUMOylation, ADP-ribosylation); altered

nucieosome positioning, the expression or presence of which in or on a mammalian tissue or

cell can be detected by standard methods (or methods disclosed herein) and which may be

predictive, diagnostic and/or prognostic for a mammalian cell's or tissue's sensitivity to

treatment regimes based on TH2 pathway inhibition using, for example, a TH2 pathway

inhibitor described herein. A biomarker may also be a biological or clinical attribute that can

be measured in a biological sample obtained from a subject, such as for example but not

limited to, blood cell count, e.g., blood eosinophil count, FEV or Fe O. In certain

embodiments, the level of such a biomarker is determined to be higher or lower than that

observed for a reference population. In certain embodiments, a blood eosinophil count is

200 ! or 250/µί , or 300/µΙ, or 400/µ1.

[0098] The term "comparing" refers to comparing the level of the biomarker in the

sample from the individual or patient with the reference level of the biomarker specified

elsewhere in this description. It is to be understood that comparing usually refers to a

comparison of corresponding parameters or values, e.g., an absolute amount is compared to

an absolute reference amount while a . concentration is compared to a reference concentration

or an intensity signal obtained from the biomarker in a sample is compared to the same type

of intensity signal obtained from a reference sample. The comparison may be carried out

manually or computer assisted. Thus, the comparison may be carried out by a computing

device (e.g., of a system disclosed herein). The value of the measured or detected level of the

biomarker in the sample from the individual or patient and the reference level can be, e.g.,

compared to each other and the sa d comparison can be automatically carried out by a



computer program executing an algorithm for the comparison. The computer program

earning out the said evaluation will provide the desired assessment in a suitable output

format. For a computer assisted comparison, the value of the determined amount may be

compared to values corresponding to suitable references which are stored in a database by a

computer program. The computer program may further evaluate the result of the comparison,

i.e. automatically provide the desired assessment in a suitable output format. For a computer

assisted comparison, the value of the determined amount may be compared to values

corresponding to suitable references which are stored in a database by a computer program.

The computer program may further evaluate the result of the comparison, i.e. automatically

provides the desired assessment in a suitable output format.

[0099] The term "detecting" a biomarker refers to methods of detecting the presence or

quantity of the biomarker in the sample employing appropriate methods of detection

described elsewhere herein.

[0 0] The term "measuring" the level of a biomarker refers to the quantification of the

biomarker, e.g. to determining the level of the biomarker in the sample, employing

appropriate methods of detection described elsewhere herein.

[0 1] The term "monitoring the efficacy of a therapy" is used to indicate that a sample

is obtained at least once, including serially, from a patient before and/or under therapy and

that one or more biomarkers are is measured therein to obtain an indication whether the

therapy is efficient or not.

[0102] In the monitoring of the efficacy of a therapy the levels of one or more

biomarkers are measured and in some embodiments compared to a reference level for the

biomarkers, or, in some embodiments, are compared to the level of the biomarkers in a

sample obtained from the same patient at an earlier point in time. In some embodiments, the

current levels of one or more biomarker are compared to the levels of the biomarkers in

sample obtained from the same patient before start of a therapy in said patient.

[0103] In some embodiments, a level of at least one, at least two, or at least three

markers selected from CSF1, MEIS2, LGALS12, IDO , THBS4, GLTG2, ALOX15,

SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3,

SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 that is above the reference level of

the respective marker Indicates that the patient is more likely to respond to the therapy. In

some embodiments, a level of at least one, at least two, or at least three markers selected from

CSF1, MEIS2, CCL23, HSD3B7, SORD, CACNG6, MGAT3, SLC47AL and ABTB2 that is



above t e reference level of the respective marker indicates that the patient is more likely to

respond to the therapy. In some embodiments, a level of at least one, at least two, or at least

three markers selected from MEIS2, LGALS12, IDOl, ALOX15, SIGLEC8, CCL23,

PY XD2, HSD3B7, CACNG6, and GPR44 that is above the reference level of the

respective marker indicates that the patient is more likely to respond to the therapy. In some

embodimenis, a level of at least one, at least two, or at least three markers selected from

CCL23, IDOl, HSD3B7, and CAC G6 that is above the reference level of the respective

marker indicates that the patient is more likely to respond to the therapy. In some

embodiments, level of at least one, at least two, or all three markers selected from CCL23,

IDOl, and CAC G6 that is above the reference level of the respective marker indicates that

the patient is more likely to respond o the therapy. In some embodiments, a level of at least

one, at least two, or all three markers selected from HSD3B7, SIGLEC8, and GPR44 that is

above the reference level of the respective marker indicates thai the patient is more likely to

respond to the therapy. In some embodiments, a level of at least one, at least two, at least

three, or all tour markers selected from SIGLEC8, CCL23, CACNG6, and GPR44 that is

above the reference level of the respective marker indicates that the patient is more likely to

respond to the therapy. In some embodiments, the reference level is the median level in a

reference population. In some embodiments, a reference level of a marker is he mean level

of the marker in a reference population. In some embodiments, a reference level of a marker

is the average level of the marker in a reference population. onlimi ing exemplary

reference populations include patients with asthma, patients with moderate to severe asthma,

healthy individuals, and a group Including healthy individuals and patients with asthma. In

some embodiments, a reference population comprises patients with moderate to severe

asthma. Further nonlimiting exemplary reference populations include patients with an

eosinophilic disorder (including the eosinophilic disorders described herein), such as patients

with atopic dermatitis, patients with allergic rhinitis, patients with nasal polyposis, patients

with eosinophilic esophagitis, patients with hyper-eosinophilie syndrome, etc.

[Θ1 4 The phrase "recommending a treatment" refers to using he information or data

generated relating to the level or presence of one or more biomarkers described herein in a

sample of a patient to identify the patient as suitably treated or not suitably treated with a

Ί Ή 2 pathway inhibitor. The phrase "recommending a treatment" may refer to using the

information or data generated for proposing or selecting a therapy comprising a TIT2 pathway

inhibitor for a patient identified or selected as more or ess likely to respond to the therapy



comprising a TH2 pathway inhibitor. The information or data used or generated may be in

any form, written, oral or electronic. n some embodiments, using the information or data

generated includes communicating, presenting, reporting, storing, sending, transferring,

supplying, transmitting, dispensing, or combinations thereof. n some embodiments,

communicating, presenting, reporting, storing, sending, transferring, supplying, transmitting,

dispensing, or combinations thereof are performed by a computing device, analyzer unit or

combination thereof. n some further embodiments, communicating, presenting, reporting,

storing, sending, transferring, supplying, transmitting, dispensing, or combinations thereof

are performed by a laboratory or medical professional. In some embodiments, the

information or data includes a comparison of the levels of one or more markers described

herein to a reference level. In some embodiments, the information or data includes an

indication that the patient is suitably treated or not suitably treated with a therapy comprising

a T 2 pathway inhibitor, including, in some instances, an indication that the patient is

suitably treated or not suitably treated with a therapy comprising a particular ΤΉ 2 pathway

inhibitor, such as an anti-IL13 antibody or an anti-Mi ' antibody.

| ] The phrase "selecting a patient" or "identifying a patient" refers to using the

information or data generated relating to the levels of one or more markers described herein

in a sample of a patient to identify or select the patient as more likely to benefit or less likely

to benefit from a therapy comprising a . TH2 pathway inhibitor. The information or data used

or generated may be in any form, written, oral or electronic. In some embodiments, using the

information or data generated includes communicating, presenting, reporting, storing,

sending, transferring, supplying, transmitting, dispensing, or combinations thereof. In some

embodiments, communicating, presenting, reporting, storing, sending, transferring,

supplying, transmitting, dispensing, or combinations thereof are performed by a computing

device, analyzer unit or combination thereof. In some further embodiments, communicating,

presenting, reporting, storing, sending, transferring, supplying, transmitting, dispensing, or

combinations thereof are performed by a laboratory or medical professional. In some

embodiments, the information or data includes a comparison of the levels of one or more

markers described herein to a . reference level In some embodiments, the information or data

includes an indication that the patient is suitably treated or not suitably treated with a therapy

comprising a ΤΉ 2 pathway inhibitor, including, in some instances, an indication that the

patient is suitably treated or not suitably treated with a therapy comprising a particular TH2

pathway inhibitor, such as an anti-IL13 antibody or an anti-Μ antibody.



[0106] The phrase "selecting a therapy" refers to using the information or data generated

relating to the level or presence of one or more markers described herein in a sample of a

patient to identify or selecting a . therapy for a patient. In some embodiment the therapy may

comprise a TH2 pathway inhibitor. The phrase ''recommending a treatment" also may refer

to using the information or data generated for proposing or selecting a therapy comprising a

TH2 pathway inhibitor for a patient identified or selected as more or less likely to respond to

the therapy comprising a TH2 pathway inhibitor. The information or data used or generated

may be in any form, written, oral or electronic. In some embodiments, using the information

or data generated includes communicating, presenting, reporting, storing, sending,

transferring, supplying, transmitting, dispensing, or combinations thereof. In some

embodiments, communicating, presenting, reporting, storing, sending, transferring,

supplying, transmitting, dispensing, or combinations thereof are performed by a computing

device, analyzer unit or combination thereof. In some further embodiments, communicating,

presenting, reporting, storing, sending, transferring, supplying, transmitting, dispensing, or

combinations thereof are performed by a laboratory or medical professional. In some

embodiments, the information or data includes an indication that the patient is suitably

treated or not suitably treated with a therapy comprising a TH2 pathway inhibitor, including,

in some instances, an indication that the patient is suitably treated or not suitably treated with

a therapy comprising a particular TH2 pathway inhibitor, such as an anti-IL13 antibody or an

anti-Μ Γ antibody.

[0107] The term "biological sample" includes, but is not limited to, blood, serum,

plasma, peripheral blood mononuclear cells (PBMCs), sputum, tissue biopsies (e.g., lung

samples), and nasal samples including nasal swabs or nasal polyps. The sample may be taken

before treatment, during treatment or post-treatment. The sample may be taken from a patient

who is suspected of having, or is diagnosed as having asthma or a respiratory disorder, and

hence is likely in need of treatment or from a normal individual who is not suspected of

having any disorder. In some embodiments, RNA is extracted from a . biological sample

described herein prior to detecting or measuring the m NA level of a marker.

[0108] The term "amplifying" a marker or biomarker refers to the amplification of the

marker employing appropriate methods of marker amplification known in the art and/or

described elsewhere herein.

[0109] FE O assay refers to an assay that measures FE-NO (fractional exhaled nitric

oxide) levels. Such levels can be evaluated using, e.g., a hand-held portable device, OX



MTNO® (Aerocrine, Solna, Sweden), in accordance with guidelines published by the

American Thoracic Society (ATS) in 2005 FE O may be noted in other similar ways, e.g.,

FeNO or FENO, and it should be understood that al such similar variations have the same

meaning.

[0 ] Age of Patients to be tested or treated according to the methods provided herein

include: all ages. In some embodiments, the ages are 18+ years old. In some embodiments,

the ages are 12+ years old. In some embodiments, the ages are 2+ years old. In some

embodiments, the ages are 2-18 years old, 12-18 years old, 8-75 year o ds, 12-75 year olds

or 2-75 year olds.

[0111] Asthma is a complex disorder characterized by variable and recurring symptoms,

reversible airflow obstruction (e.g., by bronchodilator) and bronchial hyperresponsiveness

which may or may not be associated with underlying inflammation. Examples of asthma

include aspirin sensitive/exacerbated asthma., atopic asthma, severe asthma, mild asthma,

moderate to severe asthma, corticosteroid na ve asthma, chronic asthma, corticosteroid

resistant asthma, corticosteroid refractory asthma, newly diagnosed and untreated asthma,

asthma due to smoking, asthma uncontrolled on corticosteroids and other asthmas as

mentioned in Allergy C in Immunol (2010) 126(5):926-938.

[011 ] Eosinophilic Disorder means: a disorder associated with excess eosinophil

numbers in which atypical symptoms may manifest due to the levels or activity of

eosinophils locally or systemically in the body. Disorders associated with excess eosinophil

numbers or activity include but are not. limited to, asthma (including aspirin sensitive

asthma), atopic asthma, atopic dermatitis, allergic rhinitis (including seasonal allergic

rhinitis), non-allergic rhinitis, asthma, severe asthma, chronic eosinophilic pneumonia,

allergic bronchopulmonary aspergillosis, coeliac disease, Churg-Strauss syndrome

(periarteritis nodosa plus atopy), eosinophilic myalgia syndrome, hypereosinophilic

syndrome, oedematous reactions including episodic angiodema, helminth infections, where

eosinophils may have a protective role, onchocerca! dermatitis and Eosinophil- Associated

Gastrointestinal Disorders, including but not limited to, eosinophilic esophagi tis, eosinophilic

gastritis, eosinophilic gastroenteritis, eosinophilic enteritis and eosinophilic colitis, nasal

micropolyposis and polyposis, aspirin intolerance, asthma and obstructive sleep apnoea.

Eosinophil-derived secretory products have also been associated with the promotion of

angiogenesis and connective tissue formation in tumors and the fibrotic responses seen in

conditions such as chronic asthma, Crohn's disease, scleroderma and endomyocardial fibrosis



(Munitz A, Levi-Schaffer F. Allergy 2004; 59: 268-75, Adamko et a . Allergy 2005; 60: 13-

22, Oidhoff, et al. Allergy 2005; 60: 693 -6). Other examples include cancer (e.g.,

glioblastoma (such as glioblastoma multiforme), non-Hodgkin's lymphoma (NHL)), atopic

dermatitis, allergic rhinitis, asthma, fibrosis, inflammatory bowel disease, pulmonary fibrosis

(including idiopathic pulmonary fibrosis ( F) and pulmonary fibrosis secondary to

sclerosis), COPD, hepatic fibrosis.

[0113] L- 3 mediated disorder means a disorder associated with excess IL-13 levels or

activity in which atypical symptoms may manifest due to the levels or activity of IL-13

locally and/or systemically in the body. Examples of IL-13 mediated disorders include:

cancers (e.g., non-Hodgkin's lymphoma, glioblastoma), atopic dermatitis, allergic rhinitis,

asthma, fibrosis, inflammatory bowel disease (e.g., Crohn's disease), lung inflammatory

disorders (e.g., pulmonary fibrosis such as IPF), COPD, hepatic fibrosis.

[0114] IL-4 mediated disorder means: a disorder associated with excess IL4 levels or

activity in which atypical symptoms may manifest due to the levels or activity of IL4 locally

and/or systemically in the body. Examples of IL4 mediated disorders include: cancers (e.g.,

non-Hodgkin's lymphoma, glioblastoma), atopic dermatitis, allergic rhinitis, asthma, fibrosis,

inflammatory bowel disease (e.g., Crohn's disease), lung inflammatory disorders (e.g.,

pulmonary fibrosis such as IFF), COPD, hepatic fibrosis.

[0115] L-5 mediated disorder means: a disorder associated with excess 1L5 levels or

activity in which atypical symptoms may manifest due to the levels or activity of IL5 locally

and/or systemically in the body. Examples of IL5 mediated disorders include: cancers (e.g.,

non-Hodgkin's lymphoma, glioblastoma), atopic dermatitis, allergic rhinitis, asthma, fibrosis,

inflammatory bowel disease (e.g., Crohn's disease), lung inflammatory disorders (e.g.,

pulmonary fibrosis such as IFF), COPD, hepatic fibrosis.

[0116] L-9 mediated disorder means: a disorder associated with excess IL9 levels or

activity in which atypical symptoms may manifest due to the levels or activity of IL9 locally

and/or systemically in the body. Examples of IL9 mediated disorders include: cancers (e.g.,

non-Hodgkin's lymphoma, glioblastoma), atopic dermatitis, allergic rhinitis, asthma, fibrosis,

inflammatory bowel disease (e.g., Crohn's disease), lung inflammatory disorders (e.g.,

pulmonary fibrosis such as IPF), COPD, hepatic fibrosis.

[01 ] TSLP mediated disorder means: a disorder associated with excess TSLP levels or

activity in which atypical symptoms may manifest due to the levels or activity of TSLP

locally and/or systemically in the body. Examples of TSLP mediated disorders include:



cancers (e.g., no -Hodg in' s lymphoma, glioblastoma), atopic dermatitis, allergic rhinitis,

asthma, fibrosis, inflammatory bowel disease (e.g., Crohn's disease), lung inflammatory

disorders (e.g., pulmonary fibrosis such as IFF), COPD, hepatic fibrosis.

[0118] IgE-mediated disorder means: a disorder associated with excess IgE levels or

activity in which atypical symptoms may manifest due to levels of IgE locally and/or

systemically in the body. Such disorders include, asthma, atopic dermatitis, allergic rhinitis,

fibrosis (e.g., pulmonary fibrosis, such as IPF).

[01 ] Asthma-Like Symptom includes a . symptom selected from the group consisting of

shortness of breath, cough (changes in sputum production and/or sputum quality and/or

cough frequency), wheezing, chest tightness, bronchioconstriction and nocturnal awakenings

ascribed to one of the symptoms above or a combination of these symptoms (Juniper et a

(2000) Am. J . Respir. Crit. Care Med., 162(4), 1330-1334.).

[0120] The term "respiratory disorder" include, but is not limited to asthma (e.g., allergic

and non-allergic asthma (e.g., due to infection, e.g., with respiratory syncytial virus (RSV),

e.g., in younger children)); bronchitis (e.g., chronic bronchitis); chronic obstructive

pulmonary disease (COPD) (e.g., emphysema (e.g., cigarette-induced emphysema);

conditions involving airway inflammation, eosinophilia, fibrosis and excess mucus

production, e.g., cystic fibrosis, pulmonary fibrosis, and allergic rhinitis. Examples of

diseases that can be characterized by airway inflammation, excessive airway secretion, and

airway obstruction include asthma, chronic bronchitis, bronchiectasis, and cystic fibrosis.

[0121] Exacerbations (commonly referred to as asthma attacks or acute asthma) are

episodes of new or progressive increase in shortness of breath, cough (changes in sputum

production and/or sputum quality and/or cough frequency), wheezing, chest tightness,

nocturnal awakenings ascribed to one of the symptoms above or a combination of these

symptoms. Exacerbations are often characterized by decreases in expiratory airflow (PEF or

FEVi). However, PEF variability does not usually increase during an exacerbation, although

it may do so leading up to or during the recovery from an exacerbation. The severity of

exacerbations ranges from mild to life-threatening and can be evaluated based on both

symptoms and lung function. Severe asthma exacerbations as described herein include

exacerbations that result in any one or combination of the following hospitalization for

asthma treatment, high corticosteroid use (e.g., quadrupling the total daily corticosteroid dose

or a total daily dose of greater or equal to 500 micrograms of FP or equivalent for three

consecutive days or more), or oral/parenteral corticosteroid use.



[0122] A T 2 pathway Inhibitor is an agent t t inhibits the TH2 pathway.

|0123] Examples of a TH2 pathway inhibitor include inhibitors of the activity of any one

of the targets selected from t e group consisting of: ITK, BTK , IL-9 (e.g., MEDI-528), IL-5

(e.g., Mepolizumab, CAS No. 196078-29-2; resilizumab), IL-13 (e.g., IMA-026, IMA-638

(also referred to as, anrukinzumab, INN No. 910649-32-0; QAX-576; IL4/1L13 trap),

t lok n ab (also referred to as CAT-354, CAS No. 1044515-88-9); AER-001, ABT-308

(also referred to as humanized 13C5.5 antibody), IL-4 (e.g., AER-001, IL4/IL13 trap),

OX40L, TSLP, IL-25, IL-33, soluble gE (e.g., XOLAIR, QGE-031 ; MEDI-4212) and

membrane-bound IgE fquiliziimab); and receptors such as: IL-9 receptor, IL-5 receptor (e.g.,

MEDI-563 (benralizumab, CAS No. 10445 -01 -4), IL-4receptor alpha (e.g., AMG-317,

AIR-645, dupilumab), IL-I3receptoralphaI (e.g., R- 671) and IL- 3receptoralpha2, OX40,

TSLP-R, IL-7Ralpha (a co-receptor for TSLP), IL17RB (receptor for IL-25), ST2 (receptor

for IL-33), CCR3, CCR4, CRTH2 (e.g., AMG-853, AP768, AP-761, MLN6095,

ACT 129968), FcepsilonRL FcepsilonRILCD23 (receptors for IgE), Flap (e.g.,

GSK2190915), Syk kinase (R-343, PF3526299); CCR4 (AMG-761), TLR9 (QAX-935) and

multi-cytokine inhibitor of CCR3, IL5, IL3, GM-CSF (e.g., TPI ASM8). Examples of

inhibitors of the aforementioned targets are disclosed in, for example, WQ2G08/086395;

WO2006/085938; U S 7,615,213; S 7,501,12! ; WO2006/085938; WO 2007/080174; U S

7,807,788; WO2005007699; WO2007036745; WO2009/009775; WO2007/082068;

WO2010/073119; WO2007/045477; WO2008/1 34724; US2009/0047277; and

WC)2008/127,271).

[0124] A therapeutic agent a provided herein includes an agent that can bind to the target

identified herein above, such as a polypeptide(s) (e.g., an antibody, an i m oadhes n or a

peptibody), an aptamer or a small molecule that can bind to a protein or a nucleic acid

molecule that can bind to a nucleic acid molecule encoding a target identified herein (i.e.,

siRNA).

[0125] "An anti-IL13/IL4 pathway inhibitor" refers to a therapeutic agent that inhibits

IL-13 and/or IL-4 signaling. Examples of an anti-IL13/IL4 pathway inhibitors includes

inhibitors of the interaction of IL13 and/or IL4 with its receptor(s), such inhibitors include,

but are not limited to, anti-IL13 binding agents, anti-IL4 binding agents, anti-IL3/IL4

bispecific binding agents, anti-IL4receptoralpha binding agents, anti-IL13receptoralphal

binding agents and anti-IL13 receptoraipha2 binding agents. Single domain antibodies that

can bind IL13, IL4, (including bispecific antibody with a single domain binding .13 and a



single domain binding IL4), L- 3Ralphal, IL-1 3Ralpha2 or IL-4Ralpha are specifically

included as inhibitors. t should be understood that molecules that can bind more than one

target are included.

[Θ126 Anti- L4 binding agents" refers to agent that binds to human L-4 . 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 fro the group consisting of an

immunoadhesin, an antibody, a peptibody and a peptide. According to one embodiment, the

binding agent binds to a human TL-4 sequence with an affinity between 1 uM - 1 pM.

Specific examples of anti-IL4 binding agents can include soluble IL4Recepior alpha (e.g.,

extracellular domain of IL4Receptor fused to a human Fc region), an - L4 antibody, and

soluble IL13receptoralphal (e.g., extracellular domain of IL13receptoraIphal fused to a

human Fc region).

[ 27] "Anti~lL4receptoralpha binding agents '" refers to an agent that 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 L-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.

[0128] "Anti-IL13 binding agent" refers to agent that binds to human IL13. 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 I I - 3 sequence with an affinity between 1 uM - 1 pM.

Specific examples of anti-XL 13 binding agents can include anti-IL13 antibodies, soluble

IL 13receptoralpha2 fused to a human Fc, soluble IL4receptoralpha fused to a human Fc,

soluble 1L13 receptoralpha msed to a human Fc. According to one embodiment, the anti-IL13

antibody comprises (1) a HVRH1 comprising the amino acid sequence SEQ TD NO , (2)

HVRH2 comprising the amino acid sequence SEQ ID NO: 12, (3) HVRH3 comprising the

amino acid sequence SEQ ID NO: 13, (4) HVRL1 comprising the amino acid sequence SEQ

ID NO: 14, (5) HVRL2 comprising the amino acid sequence SEQ ID NO: 15, and (6) FIVRL3

comprising the amino acid sequence SEQ ID NO: 16. In another embodiment, the anti-IL-13

antibody comprises a VH comprising a sequence selected from SEQ ID NOs: 9, 19, and 2 1,



and VI. comprising a sequence selected from SEQ ID NO: 0 , 20, and 22. According to one

embodiment, the antibody is an IgGl antibody. According to another embodiment, the

antibody is an IgG4 antibody. According to one embodiment, the IgG4 antibody comprises a

S228P mutation in its constant domain.

[0 29] Anti-ILl Sreceptoralphal 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 sequence with an affinity between M - 1 pM. Specific examples of anti- L 3

receptoralphal binding agents can include anti-IL13 receptor alpha 1 antibodies.

|0130] "Anti-IL 13receptoralpha2 binding agents" refers to an agent that specifically

binds to human IL13 receptoralpha2. Such binding agents can include a small molecule, a

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 µΜ 1 pM. Specific examples of

anti-IL13 receptoralphal binding agents can include anti-IL13 receptor alpha2 antibodies.

[0131] "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 the amino acid

sequence of SEQ ID NO: 7 and a V sequence comprising the amino acid sequence SEQ ID

NO: 18.

[0132] "Anti-Mi' binding agents" refers to an agent that specifically binds to the

membrane proximal Mi' 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. According to

another embodiment, the anti-Μ Γ antibody comprises a variable heavy chain and a variable



light chain, wherein the variable heavy chain is SEQ ID 0 :1 and the variable light chain is

SEQ ID N0:2. According to another embodiment, An anti-IgE/ Μ antibody comprising a

variable heavy chain and a variable light chain, wherein the variable heavy chain further

comprises an HVR-H1, HVR-H2 and HVR-H3, and the variable light chain further comprises

and HVR-Ll, HVR, L2 and VR-L3 and: (a) the HVR-H1 is residues 26-35 of SEQ D

NO:l, [GFTFSDYGIA; SEQ ID NO:3]; (b) the HVR-H2 is residues 49-66 of SEQ ID NO:l,

[AFISDLAYTXYYADTVTG; SEQ ID N O:4]; (c) the HVR-H3 is residues 97-106 of SEQ ID

NO: , [ARDNWDAMDY; SEQ ID NO:5]; (d) the HVR-Ll is residues 24-39 of SEQ ID

NO:2, [RSSQSLVHNNANTYLH; SEQ ID NO:6j; (e) the HVR-L2 is residues 55-61 of SEQ

ID NO:2, [KVSNRFS; SEQ ID NO:7]; (f) the HVR-L3 is residues 94-102 of SEQ ID NO:2.

[SQNTLVPWT; SEQ ID NO:8].

[0133] The term "small molecule" refers to an organic molecule having a molecular

weight between 50 Daltons to 2500 Daltons.

Θ134 The ter "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.

|0135] The term "uncontrolled" or "uncontrollable" refers to the inadequacy of a

treatment regimen to minimize a symptom of a disease. As used herein, the term

"uncontrolled" and "inadequately controlled" can be used interchangeably and are meant to

refer to the same state. The control status of a patient can be determined by the attending

physician based on a number effectors including the patient's clinical history, responsiveness

to treatment and level of current treatment prescribed. For example, a physician m a -

consider factors such as FEV <75% predicted or personal best, frequency of need for a

SABA in the past 2-4 weeks (e.g., greater than or equal two doses/week), nocturnal

awakenings/symptoms in the past 2-4 weeks (e.g., less than or equal to 2 nights/week),

limitations on activity in the past 2-4 weeks, daytime symptoms in the past 2-4 weeks

[0136] The term "therapeutic agent" refers to any agent that is used to treat a disease.

[0137] The term "controller" or "preventer" refers to any therapeutic agent that is used

to control asthma inflammation. Examples of controllers include corticosteroids, leukotriene

receptor antagonists (e.g., inhibit the synthesis or activity of leukotrienes such as

montelukast, zileuton, pranlukast, zafirlukast), LAB As, corticosteroid/ LABA combination



compositions , theophylline (including aminophyliine), cromolyn sodium, nedocromil

sodium, omalizumab, LAMAs, MABA e.g, bifunctional muscarinic antagonist-beta2

Agonist), 5-Lipoxygenase Activating Protein (FLAP) inhibitors, and enzyme PDE-4 inhibitor

(e.g., roflumiiast). A "second controller" typically refers to a controller that is not the same

as the first controller.

[0138] The term "corticosteroid sparing" or "CS" means the decrease in frequency

and/or amount, or the elimination of, corticosteroid used to treat a disease in patient taking

corticosteroids for the treatment of the disease due to the administration of another

therapeutic agent. A "CS agent" refers to a therapeutic agent that can cause CS in a patient

taking a corticosteroid.

[0139] The term "corticosteroid" includes, but is not limited to fluticasone (including

fluticasone propionate (FP)), beclometasone, budesonide, ciclesonide mometasone,

flunisolide, betamethasone and triamcinolone. "Inliaiable corticosteroid" means a

corticosteroid tha is suitable for delivery by inhalation. Exemplary inliaiable corticosteroids

are fluticasone, beclomethasone dipropionate, budenoside, mometasone furoate, ciclesonide,

flunisolide, triamcinolone acetonide and any other corticosteroid currently available or

becoming available in the future. Examples of corticosteroids that can be inhaled and are

combined with a long-acting beta2-agonist include, but are not limited to:

budesonide/fonnoterol and ffutieasone/salmeterol.

[0140] Examples of corticosteroid/LABA combination drugs include fluticasone

furoate/vilanterol trifenatate and indacaterol/rnometasone.

[0141] The term "LABA" means long-acting beia-2 agonist, which agonist includes, for

example, salmeterol, formoterol, bambuteroi, albuterol, indacaterol, arforaioterol and

cienbuterol.

[0142] The term "LAMA" means long-acting muscarinic antagonist, which agonists

include: tiotropium.

[0143] Examples of LABA/LAMA combinations include, but are not limited to:

olodaterol tiotropium (Boehringer Ingeiheim's) and indacaterol glycopyrronium (Novartis)

[0144] The term "SABA" means short-acting beta-2 agonists, which agonists include,

but are not limited to, salbutamol, levosalbutamol. fenoterol, terbutaline, pirbuteroi,

procaterol, bitoiterol, rimiterol, carbuterol, tulobuteroi and reproterol



[0145] Leukotriene receptor antagonists (sometimes referred to as a leukast) (LTRA) are

drugs that inhibit leukotrienes. Examples of leukotriene inhibitors include monteiukast,

zileuton, pranhikast, and zafirlukast.

[0146] The term "FEVi" refers to the volume of air exhaled in the first second of a

forced expiration. It is a . measure of airway obstruction. Provocative concentration of

methacholine required to induce a 20% decline in FEVi (PC20) is a measure of airway hyper-

responsiveness. FEVi may be noted in other similar ways, e.g., FEVi, and it should be

understood that all such similar variations have the same meaning.

[0147] The term "relative change in FEVi" = (FEV at week 12 of treatment - FEV

prior to start of treatment) divided by FEV

[0148] The term "mild asthma" refers to a patient generally experiencing symptoms or

exacerbations less than two times a week, nocturnal symptoms less than two times a month,

and is asymptomatic between exacerbations. Mild, intermittent asthma is often treated as

needed with the following: inhaled bronchodilators (short-acting inhaled beta2- agonists);

avoidance of kno wn triggers; annual influenza vaccination; pneumococcal vaccination every

6 to 0 years, and in some cases, an inhaled beta2-agonisi cromolyn, or nedocromil prior to

exposure to identified triggers. If the patient has an increasing need for short-acting beta2-

agonist (e.g., uses short-acting beta2--agonist more than three to four times in 1 day for an

acute exacerbation or uses more than one canister a month for symptoms), the patient may

require a stepup in therapy.

[0149] The term "moderate asthma" generally refers to asthma in which the patient

experiences exacerbations more than two times a week and the exacerbations affect sleep and

activity; the patient has nighttime awakenings due to asthma more than two times a month;

the patient has chronic asthma symptoms that require short-acting inhaled beta2-agonist daily

or every other day; and the patient's pretreatmeni baseline PEF or FEVi is 60 to 80 percent

predicted and PEF variability is 20 to 30 percent.

[0150] The term "severe asthma" generally refers to asthma in which the patient has

almost continuous symptoms, frequent exacerbations, frequent nighttime awakenings due to

the asthma, limited activities, PEF or FEVi baseline less than 60 percent predicted, and PEF

variability of 20 to 30 percent.

[0151] Examples of rescue medications include albuterol, ventolin and others.

[0152] "Resistant" refers to a disease that demonstrates little or no clinically significant

improvement after treatment with a therapeutic agent. For example, asthma which requires



treatment with high dose ICS (e.g., quadrupling the total daily corticosteroid dose or a total

daily dose of greater or equal to 500 micrograms of FP (or equivalent) for at least three

consecutive days or more, or systemic corticosteroid for a two week trial to establish if

asthma remains uncontrolled or FEV does not improve is often considered severe refractory

asthma.

[0153] A therapeutic agent as provided herein can be administered by any suitable

means, including parenteral, subcutaneous, intraperitoneal, intrapulmonary, and intranasal.

Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitoneal, or

subcutaneous administration n one embodiment, the therapeutic agent is inhaled.

According to another embodiment, the dosing is given by injections, e.g., intravenous or

subcutaneous injections. In yet another embodiment, the therapeutic agent is administered

using a syringe (e.g., prefilled or not) or an autoinjector.

[ 54] For the prevention or treatment of disease, the appropriate dosage of a therapeutic

agent may depend on the type of disease to be treated, the severity and course of the disease,

whether the therapeutic agent is administered for preventive or therapeutic purposes, previous

therapy, the patient's clinical history and response to the therapeutic agent, and the discretion

of the attending physician. The therapeutic agent is suitably administered to the patient at one

time or over a series of treatments. The therapeutic agent composition will be formulated,

dosed, and administered in a fashion consistent with good medical practice. Factors for

consideration in this context include the particular disorder being treated, the particular

mammal being treated, the clinical condition of the individual patient, the cause of the

disorder, the site of delivery of the agent, the method of administration, the scheduling of

administration, and other factors known to medical practitioners.

[Θ155 Dosing for lebrikizumab, for eosinophilic diseases (including asthma) and for

treating other diseases using TH2 therapies: lebrikizumab can be administered 0.1 mg/kg to

100 mg/kg of the patient's body weight. In one embodiment, the dosage administered to a

patient is between 0 1 mg/kg and 20 mg/kg of the patient's body weight. In another

embodiment, the dose is 1 trig/kg to 10 mg/kg of the patient's body weight.

0156] In an alternative embodiment, lebrikizumab can be administered as a flat dose. In

one embodiment lebrikizumab is administered as a flat dose (i.e., not weight dependent) of

between 125-1000 mg, or a flat dose of 37.5 rng, or a flat dose of 25 mg, or a flat dose of

250 mg, or a flat dose of 500 mg, by subcutaneous injection or by intravenous injection, at a

frequency of time selected from the group consisting of: every 2 weeks, 3 weeks, 4 weeks, 5



weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, weeks, 11 weeks, 12 weeks, 1 weeks, 4

weeks, 15 weeks, 16 weeks, 1month, 2 months, 3month or 4 months. n another

embodiment, if the patient is overweight, lebrikizumab can be administered, e.g., 125-250 mg

at a frequency of 3 times per month. In one embodiment, the lebrikiziimab is administered as

a flat dose of 1 5 mg, 250 mg or 500 mg every 4 weeks. In another embodiment, the

lebrikizumab is administered in a patient >40 kg as a flat dose of 37.5 mg, 125 mg, 250 mg or

500 mg every 4 weeks.

[0157] In one embodiment, the patient is 8 years of age or older. In one embodiment,

the asthma patient is age 12 to 17 and lebrikizumab is administered in as a flat dose of 250

mg or a flat dose of 125 mg. In one embodiment, the asthma patient is age 6 to 11 and

lebrikizumab is administered in as a flat ose of 125 mg.

[0158] Dosing for quiiizumab, for eosinophilic diseases (including asthma) and for

treating other diseases using TH2 therapies: quiiizumab can be administered 0.003 mg/kg to

100 mg/kg of the patient's body weight. In one embodiment, the dosage administered by

intravenous or subcutaneous administration to a patient is between 0.003 mg/kg and 5 mg kg

of the patient's body weight.

[0159] In an alternative embodiment, quiiizumab can be administered as a f at dose. In

one embodiment quiiizumab is administered in as a 150-450 mg flat dose (i.e., not weight

dependent), by subcutaneous injection or by intravenous injection, at a frequency of time

selected from the group consisting of: every 4 weeks or every 2 weeks (e.g., about once

every three months or once every quarter). In one embodiment, quiiizumab is administered

subcutaneously at dose of 300 mg every 4 weeks. In one embodiment, quiiizumab is

administered subcutaneously at a dose of 450 mg once every 2 weeks (i.e., about once every

three months or once every quarter). In certain embodiments, an additional subcutaneous

dose of 450 mg is administered once at week 4. In one embodiment, quiiizumab is

administered subcutaneously at a dose of 150 mg once every 2 weeks (i.e., once every

quarter). In certain embodiments, an additional subcutaneous dose of 50 mg is administered

once at week 4.

[0160] "Patient response" or "response" (and grammatical variations thereof! can be

assessed using any endpoint indicating a benefit to the patient, including, without limitation,

(1) inhibition, to some extent, of disease progression, including slowing down and complete

arrest; (2) reduction in the number of disease episodes and/or symptoms; (3) reduction in

lesional size; (4) inhibition (i.e., reduction, slowing down or complete stopping) of disease



cel infiltration into adjacent peripheral organs and/or tissues; (5) inhibition (i.e. reduction,

slowing down or complete stopping) of disease spread; (6) decrease of auto-immune

response, which may, but does not have to, result in the regression or ablation of the disease

lesion; (7) relief, to some extent, of one or more symptoms associated with the disorder; (8)

increase in the length of disease-free presentation following treatment; and/or (9) decreased

mortality at a given point of time following treatment.

[0161] "Affinity" refers to the strength of the sum total of noncovaient interactions

between a single binding site of a molecule (e.g., an antibody) and its binding partner (e.g.,

an antigen). Unless indicated otherwise, as used herein, ''binding affinity" refers to intrinsic

binding affinity which reflects a 1 interaction between members of a binding pair (e.g.,

antibody and antigen binding arm). The affinity of a molecule X for its partner Y can

generally be represented by the dissociation constant (Kd). Affinity can be measured by

common methods known in the art, including those described herein. Specific illustrative

and exemplary embodiments for measuring binding affinity are described in the following.

[0 62] An "affinity matured" antibody refers to an antibody with one or more alterations

in one or more bypervariable regions (HVRs), compared to a parent antibody which does not

possess such alterations, such alterations resulting in an improvement in the affinity of the

antibody for antigen.

|0163] The terms "anti-target antibody" and "an antibody that binds to target" refer to an

antibody that is capable of binding the target with sufficient affinity such that the antibody is

useful as a diagnostic and/or therapeutic agent in targeting the target. In one embodiment,

the extent of binding of an anti-target antibody to an unrelated, non-target protein is less than

about 0% of the binding of the antibody to target as measured, e.g., by a radioimmunoassay

(RIA) or biacore assay. In certain embodiments, an antibody that binds to a target has a

dissociation constant (Kd) of < Μ , < 100 nM, < 0 nM, < 1 nM, < 0 . nM, < 0.01 nM, or <

0.001 n (e.g. 10-8 M or less, e.g. from 10-8 M to 10-13 M, e.g., from 10-9 to 10-13 M).

In certain embodiments, an anti-target antibody binds to an epitope of a target that is

conserved among different species.

164] The term "antibody" herein is used in the broadest sense and encompasses

various antibody structures, including but not limited to monoclonal antibodies, polyclonal

antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so

long as they exhibit the desired antigen-binding activity.



[0165] An "antibody fragment" refers to a molecule other than an intact antibody that

comprises a portion of an intact antibody that binds the antigen to which the intact antibody

binds. Examples of antibody fragments include but are not limited to Fv, Fab, Fab', Fab'-SH,

F(ab')2; diabodies; linear antibodies; single-chain antibody molecules (e.g. scFv); and

uiti pec i c antibodies formed from antibody fragments.

[0166] An "antibody that binds to the same epitope" as a reference antibody refers to an

antibody that blocks binding of the reference antibody to its antigen in a competition assay by

50% or more, and conversely, the reference antibody blocks binding of the antibody to its

antigen in a competition assay by 50% or more. Various methods for carrying out

competition assays are well-known in the art.

[0 67] An "acceptor human framework" for t e purposes herein is a . framework

comprising the amino acid sequence of a light chain variable domain (VL) framework or a

heavy chain variable domain (VH) framework derived from a human immunoglobulin

framework or a human consensus framework, as defined below. An acceptor human

framework "derived from" a human immunoglobulin framework or a human consensus

framework may comprise the same amino acid sequence thereof, or it may contain amino

acid sequence changes. In some embodiments, the number of amino acid changes are 0 or

less, 9 or less, 8 or less, 7 or less, 6 or less, 5 or less, 4 or less, 3 or less, or 2 or less. In some

embodiments, the VL acceptor human framework is identical in sequence to the VL human

immunoglobulin framework sequence or human consensus framework sequence.

[0168] The term "chimeric" antibody refers to an antibody in wbich a portion of the

heavy and/or light chain is derived from a particular source or species, while the remainder of

the heavy and/or light chain is derived from a different source or species.

[0169] The "class" of an antibody refers to the type of constant domain or constant

region possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD,

IgE, gG, and gM, and several of these may be further divided into subclasses (isotypes),

e.g., IgGl, IgG2, IgG3, IgG4, IgAl, and IgA2. The heavy chain constant domains that

correspond to the different classes of immunoglobulins are called , δ, ε, γ , and µ,

respectively.

[0170] "Effector functions" refer to those biological activities attributable to the Fc

region of an antibody, which vary with the antibody isotype. Examples of antibody effector

functions include: q binding and complement dependent cytotoxicity (CDC); Fc receptor



binding; antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down

regulation of cell surface receptors (e.g. B cell receptor); and B ceil activation.

[0171] An "effective amount" of an agent, e.g., a pharmaceutical formulation, refers to

an amount effective, at dosages and for periods of time necessary, to achieve the desired

therapeutic or prophylactic result.

[0172] The term "Fc region" herein is used to define a C-terminal region of an

immunoglobulin heavy chain that contains at least a portion of the constant region. The term

includes native sequence Fc regions and variant Fc regions. n one embodiment, a human

IgG heavy chain Fc region extends from Cys226, or from Pro230, to the carboxyl-terminus of

the heavy chain. However, the C-terminal lysine (Lys447) of the Fc region may or may not

be present. Unless otherwise specified herein, numbering of amino acid residues in the Fc

region or constant region is according to the EU numbering system, also called the EU index,

as described in Kabat et al., Sequences of Proteins of immunological Interest, 5th Ed. Public

i eal h Service, National Institutes of Health, Beihesda, MD, 1991.

[0173] "Framework" or "FR" refers to variable domain residues other than hypervariable

region (HVR) residues. The FR of a variable domain generally consists of four FR domains:

FRl, FR2, FR3, and FR4. Accordingly, the VR and FR sequences generally appear in the

following sequence in VH (or VL): FR1-H1(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.

[0174] The terms "full length antibody," "intact antibody," and "whole antibody" are

used herein interchangeably to refer to an antibody having a structure substantially similar to

a native antibody structure or having heavy chains that contain an Fc region as defined

herein.

[0175] The terms "host ceil," "host ceil line," and "host cell culture" are used

interchangeably and refer to cells into which exogenous nucleic acid has been introduced,

including the progeny of such cells. Host cells include "tran formants" and "transformed

cells," which include the primary transformed cell and progeny derived therefrom without

regard to the number of passages. Progeny may not be completely identical in nucleic acid

content to a parent cell, but may contain mutations. Mutant progeny that have the same

function or biological activity as screened or selected for in the originally transformed cell

are included herein.

[0176] A "human antibody" is one which possesses an amino acid sequence which

corresponds to that of an antibody produced by a human or a human cell or derived from a

non-human source that utilizes human antibody repertoires or other human antibody -



encoding sequences. This definition of a human antibody specifically excludes a humanized

antibody comprising non-human antigen- binding residues.

[0177] A "human consensus framework" is a framework which represents the most

commonly occurring amino acid residues in a selection of human immunoglobulin VL or VH

framework sequences. Generally, the selection of human immunoglobulin VL or VH

sequences is from a subgroup of variable domain sequences. Generally, the subgroup of

sequences is a subgroup as in abat et al, Sequences of Proteins of Immunological Interest,

Fifth Edition, N H Publication 91-3242, Bethesda MD (1991), vols. 1-3. Tn one embodiment,

for the VL, the subgroup is subgroup kappa ί as in Kabat et al., supra. In one embodiment,

for the VH, the subgroup is subgroup III as in Kabat et al., supra.

[0178] A "humanized" antibody refers to a chimeric antibody comprising amino acid

residues from non-human HVRs and amino acid residues from human FRs. In certain

embodiments, a humanized antibody wil comprise substantially all of at least one, and

typically two, variable domains, in which all or substantially all of the HVRs (e.g., CDRs)

correspond to those of a non-human antibody, and al or substantially al of the FRs

correspond to those of a human antibody. A humanized antibody optionally may comprise at

least a . portion of an antibody constant region derived from a human antibody. A "humanized

form" of a antibody, e.g., a non-human antibody, refers to an antibody that has undergone

humanization.

[0179] The term "hypervariable region" or "HVR" refers to each of the regions of an

antibody variable domain which are hypervariable in sequence and/or form structurally

defined loops ("hypervariable loops"). Generally, native four-chain antibodies comprise six

HVRs; three in the VH ( , H2, H3), and three in the VL (L , , 2, L.3). HVRs generally

comprise amino acid residues from the hypervariable loops and/or from the

"complementarity determining regions" (CDRs), the latter typically being of highest

sequence variability and/or involved in antigen recognition. An HVR region as used herein

comprise any number of residues located within positions 24-36 (for HVRLl), 46-56 (for

PFVRL2), 89-97 (for HVRL3), 26-35B (for HVRH1), 47-65 (for HVRH2), and 93-102 (for

HVRH3).

[0180] An "individual" or "patient" or "subject" is a mammal. Mammals include, but

are not limited to, domesticated animals (e.g., cows, sheep, cats, dogs, and horses), primates

(e.g., humans and non-human primates such as monkeys), rabbits, and rodents (e.g., mice and

rats). In certain embodiments, the individual or patient or subject is a human. In some



embodiments, an "individual" or "patient" or "subject" herein is a y single human subject

eligible for treatment who is experiencing or has experienced one or more signs, symptoms,

or other indicators of asthma or a respiratory condition. Intended to be included as a subject

are any subjects involved in clinical research trials not showing any clinical sign of disease,

or subjects involved i epidemiological studies, or subjects once used as controls. The

subject may have been previously treated with a TII2 pathway inhibitor or another dr g or

not so treated. The subject may be naive to a ΤΉ 2 inhibitor when the treatment herein is

started, i.e., the subject may not have been previously treated with, for example, a TH2

inhibitor at "baseline" (i.e., at a set point in time before the administration of a first dose of a

TH2 inhibitor in the treatment method herein, such as the day of screening the subject before

treatment is commenced). Such "naive" subjects are generally considered to be candidates

for treatment with such drug(s).

[0181] A "pediatric" individual or patient or subject is a human from birth to 8 years

old (or 0 to 8 years old). In some embodiments, a pediatric individual or patient or subject

is from 2 to 6, 2 to 1 , 6 to 11, 6 to 18, 6 to , 8 to 17, 2 to 17, or 12 to 8 years old.

[0182] An "isolated" antibody is one which has been separated from a component of its

natural environment. In some embodiments, an antibody is purified to greater than 95% or

99% purity as determined by, for example, electrophoretic (e.g., SDS-PAGE, isoelectric

focusing (IEF), capillary electrophoresis) or chromatographic (e.g., ion exchange or reverse

phase HPLC). For review of methods for assessment of antibody purity, see, e.g., Flatman et

at J . Chromatogr. B 848:79-87 (2007).

[0183] An "isolated" nucleic acid refers to a nucleic acid molecule that has been

separated from a component of its natural environment. An isolated nucleic acid includes a

nucleic acid molecule contained in cells that ordinarily contain the nucleic acid molecule, but

the nucleic acid molecule is present extracliromosomally or at a chromosomal location that is

different from its natural chromosomal location.

[0184] "Isolated nucleic acid encoding an anti-target antibody" refers to one or more

nucleic acid molecules encoding antibody heavy and light chains (or fragments thereof),

including such nucleic acid molecule(s) in a single vector or separate vectors, and such

nucleic acid moleeule(s) present a one or more locations in a host cell.

[0185] The term "monoclonal antibody" refers to an antibody obtained from a population

of substantially homogeneous antibodies, i.e., the individual antibodies comprising the

population are identical and/or bind the same epitope, except for possible variant antibodies,



e.g., containing naturally occurring mutations or arising during production of a monoclonal

antibody preparation, such variants generally being present in minor amounts. In contrast to

polyclonal antibody preparations, which typically include different antibodies directed

against different determinants (epitopes), each monoclonal antibody of a monoclonal

antibody preparation is directed against a single determinant o a antigen. Thus, the

modifier "monoclonal" indicates the character of the antibody as being obtained from a

substantially homogeneous population 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 according to the methods provided herein may be made by variety of

techniques, including but not limited to the hybridoma method, recombinant DNA methods,

phage-display methods, and methods utilizing transgenic animals containing all or part of the

human immunoglobulin loci, such methods and other exemplary methods for making

monoclonal antibodies being described herein.

[0186] A "naked antibody" refers to an antibody that is not conjugated to a heterologous

moiety (e.g., a cytotoxic moiety) or radiolabel. The naked antibody may be present in a

pharmaceutical formulation.

[0187] "Native antibodies" refer to naturally occurring immunoglobulin molecules with

varying structures. For example, native IgG antibodies are heterotetrameric glycoproteins of

about 150,000 daltons, composed of two identical light chains and two identical heavy chains

that are disulfide-bonded. From N to C-terminus, each heavy chain has a variable region

(VH), also called a variable heavy domain or a heavy chain variable domain, followed by

three constant domains (CHI, CH2, and CH3). Similarly, from N to C-terminus, each light

chain has a variable region (VL), also called a variable light domain or a light chain variable

domain, followed by a . constant light (CL) domain. The light chain of an antibody may be

assigned to one of two types, called kappa (κ) and lambda (λ), based on the amino acid

sequence of its constant domain.

[0188] The term "package insert" is used to refer to instructions customarily included in

commercial packages of therapeutic products, that contain information about the indications,

usage, dosage, administration, combination therapy, contraindications and/or warnings

concerning the use of such therapeutic products. The term "package insert" is also used to

refer to instructions customarily included in commercial packages of diagnostic products that

contain information about the intended use, test principle, preparation and handling of



reagents, specimen collection and preparation, calibration of the assay and the assay

procedure, performance and precision data such as sensitivity and specificity of the assay.

[0189] "Percent (%) amino acid sequence identity" with respect to a reference

polypeptide sequence is defined as the percentage of amino acid residues in a candidate

sequence that are identical with the amino acid residues in the reference polypeptide

sequence, after aligning the sequences and introducing gaps, if necessary, to achieve the

maximum percent sequence identity, and not 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 aligning sequences, including any algorithms needed to achieve maximal

alignment over the full length of the sequences being compared. For purposes herein,

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 Genenteeh, 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 from Genenteeh, Inc., South San Francisco, California, or may be compiled from

the source code. The ALIGN-2 program should be compiled for use on a UNIX operating

system, including digital UNIX V4.0D. All sequence comparison parameters are set by the

ALIGN-2 program and do not vary.

[0190] In situations where ALIGN-2 is employed for amino acid sequence comparisons,

the % amino acid sequence identity of a . given amino acid sequence A to, with, or against a

given amino acid sequence B (which can alternatively be phrased as a given amino acid

sequence A that has or comprises a certain % amino acid sequence identity to, with, or

against a given amino acid sequence B) is calculated as follows:

[0191] 100 times the fraction Χ /Ύ where X is the number of amino acid residues scored

as identical matches by the sequence alignment program ALIGN-2 in that program's

alignment of A and B, and where Y is the total number of amino acid residues in B. It will be

appreciated that where the length of amino acid sequence A is not equal to the length of

amino acid sequence B, the % amino acid sequence identity of A to B will not equal the %

amino acid sequence identity of B to A Unless specifically stated otherwise, all % amino



acid sequence identity values used herein are obtained as described in the immediately

preceding paragraph using the ALIGN -2 computer program.

[ 92] The term "pharmaceutical formulation" refers to a preparation which is in such

form as to permit the biological activity of an active ingredient contained therein to be

effective, and which contains no additional components which are unacceptably toxic to a

subject to which the formulation would be administered.

[Θ193 A ''pharmaceutically acceptable carrier" refers to an ingredient in a

pharmaceutical formulation, other than an active ingredient, which is nontoxic to a subject.

A pharmaceutically acceptable carrier includes, but is not limited to, a buffer, excipient,

stabilizer, or preservative.

[0194] The term "target" refers to any native molecule from any vertebrate source,

including mammals such as primates (e.g. humans) and rodents (e.g., mice and rats), unless

otherwise indicated. The term encompasses "full-length," unprocessed target as well as any

form of target that results from processing in the cell. The term also encompasses naturally

occurring variants of targets, e.g., splice variants or allelic variants.

[ 95] The term "treatment" (and grammatical variations thereof such as "treat" or

"treating") refers to clinical intervention in an attempt to alter the natural course of the

individual being treated, and can be performed either for prophylaxis or during the course of

clinical pathology. Desirable effects of treatment include, but are not limited to, preventing

occurrence or recurrence of disease, alleviation of symptoms, diminishment of any direct or

indirect pathological consequences of the disease, preventing metastasis, decreasing the rate

of disease progression, amelioration or palliation of the disease state, and remission or

improved prognosis. In some embodiments, antibodies are used to delay development of a

disease or to slow the progression of a disease.

|0196] The term "variable region" or 'Variable domain" refers to the domain of an

antibody heavy or light chain that is involved in binding the antibody to antigen. The

variable domains of the heavy chain and light chain (VH and VL, respecti vely) of a native

antibody generally have similar structures, with each domain comprising four conserved

framework regions (FRs) and three hypervariable regions (HVRs). (See, e.g., Kindt et al.

Kuby Immunology, 6th ed., W.H. Freeman and Co., page 9 (2007).) A single VH or VL

domain may be sufficient to confer antigen-binding specificity. Furthermore, antibodies that

bind a particular a igen may be isolated using a VH or VL domain from an antibody that

binds the antigen to screen a library of complementary VL or VH domains, respectively.



See, e.g., Portolano et a ., J . Immunol. 150:880-887 (1993); Clarkson et al„ Nature 352:624-

628 (1991 ).

[0197] The term "vector" refers to a nucleic acid molecule capable of propagating

another nucleic acid to which it is linked. The te n includes the vector as a self-replicating

nucleic acid structure as we l as the vector incorporated into the genome of a host cell into

which it has been introduced. Certain vectors are capable of directing the expression of

nucleic acids to which they are operatively United. Such vectors are referred to herein as

"expression vectors."

COMPOSITIONS and METHODS

[ 98] In one aspect, the invention is based, in pari, on new diagnostic assays and better methods of

treatment. I some embodiments, better methods of treating asthma and other diseases are provided.

Exemplary Antibodies

A i~II Antibodies

[0199] In one aspect, the invention provides isolated antibodies that bind to human L - 3

10200] In one embodiment, the anti-IL13 antibody comprises a HVR--L1 comprising

amino acid sequence SEQ ID NO: 14; an HVR-L2 comprising amino acid sequence SEQ ID

NO: 15; an V -L3 comprising amino acid sequence SEQ ID NO: 16; an V -H 1

comprising amino acid sequence SEQ ID NO: 1; an HVR-H2 comprising amino acid

sequence SEQ ID NO: 12; and an HVR-H3 comprising amino acid sequence SEQ) ID NO:

13.

[0201] In another embodiment the antibody comprises the variable region sequences

SEQ ID NO: 9 and SEQ ID NO: 10. In another embodiment, the antibody comprises the

variable region sequences SEQ ID NO: 19 and SEQ ID NO: 20. In another embodiment, the

antibody comprises the variable region sequences SEQ ID NO: 2 and SEQ ID NO: 20.

10202] In any of the above embodiments, an anti-IL-13 antibody can be humanized. In

one embodimen t, an a ti- L- 3 antibody comprises TVRs as in any of the above

embodiments, and further comprises an acceptor human framework, e.g. a human

immunoglobulin framework or a human consensus framework.

[0203] In another aspect, an anti-IL-13 antibody comprises a heavy chain variable

domain (VH) sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99%, or 100% sequence identity to the amino acid sequence of SEQ ID NQ:9. In certain

embodiments, a VH sequence having at least 90%, %, 92%, 93%, 94%, 95%, 96%, 97%,

98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or



deletions relative to the reference sequence, but an anti-IL-13 antibody comprising that

sequence retains the ability to bind to human 1L- 3 n certain embodiments, a total of 1 to

10 amino acids have been substituted, altered inserted and/or deleted in SEQ ID NO: 9. In

certain embodiments, substitutions insertions, or deletions occur in regions outside the HVRs

(i.e., in the FRs). Optionally, the anti-IL-13 antibody comprises the V sequence in SEQ ID

NO: 9 including post-translational modifications of that sequence. Optionally, the anti-IL 3

antibody comprises the VH sequence in SEQ ID NO: , including post-translational

modifications of that sequence. Optionally, the anti-IL13 antibody comprises the VH

sequence in SEQ ID NO: 2 , including post-translational modifications of that sequence

[0204] In another aspect, an anti-IL-13 antibody is provided, wherein the antibody

comprises a light chain variable domain (VL) having at least 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99%, or 00% sequence identity to the amino acid sequence of SEQ

ID NO: . In certain embodiments, a VL sequence having at least 90%, 1%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative

substitutions), insertions, or deletions relative to the reference sequence, but an anti-IL-13

antibody comprising that sequence retains the ability to bind to L- . In certain

embodiments, a tota of 1 to 10 amino acids have been substituted, inserted and/or deleted in

SEQ ID NO: 10. In certain embodiments, the substitutions, insertions, or deletions occur in

regions outside the HVRs (i.e., in the FRs) Optionally, the anti-IL-13 antibody comprises the

VL sequence in SEQ ID NO: 10, Including post-translational modifications of that sequence.

Optionally, the anti-IL-13 antibody comprises the VL sequence in SEQ ID NO: 20, including

post-translational modifications of that sequence. Optionally, the anti-IL-13 antibody

comprises the VL sequence in SEQ ID NO: 22, including post-translational modifications of

that sequence.

[0205] In yet another embodiment, the anti-IL-13 antibody comprises a VI, region

having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence

identity to the amino acid sequence of SEQ ID NO: 10 and a VH region having at least 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino

acid sequence of SEQ ID NO:9. In yet a further embodiment the anti-IL-13 antibody

comprises a HVR-L1 comprising amino acid sequence SEQ ID NO: 14; an HVR-L2

comprising amino acid sequence SEQ ID NO: 15; an HVR-L3 comprising amino acid

sequence SEQ ID NO: 16; an HVR-H1 comprising amino acid sequence SEQ ID NO:l 1; an



HVR-H2 comprising amino acid sequence SEQ ID NO: 12; and an VR- comprising

amino acid sequence SEQ ID NO: 13.

[0206] In another aspect, an anti-IL-13 antibody is provided, wherein the antibody

comprises a VH as in any of the embodiments provided above, and a VL as in any of the

embodiments provided above

[0207] In a further aspect, the invention provides an antibody that binds to the same

epitope as an anti-IL-13 antibody provided herein. For example, in certain embodiments, an

antibody is provided that binds to the same epitope as or can by competitively inhibited by an

anti-IL-13 antibody comprising a VH sequence of SEQ ID NO: and a VL sequence of SEQ

ID NO: 10.

[0208] In a further aspect of the invention, an anti-IL-13 antibody according to any of

the above embodiment can be a monoclonal antibody, including a chimeric, humanized or

human antibody. In one embodiment, an anti-IL13 antibody is an antibody fragment, e.g., a

Fv, Fab, Fab', scFv, diabody, or F(ab')2 fragment. In another embodiment, the antibody is a

full length antibody, e.g., an intact IgGl or IgG4 antibody or other antibody class or isotype

as defined herein. According to another embodiment, the antibody is a bispecific antibody.

In one embodiment, the bispecific antibody comprises the HVRs or comprises the VH and

VL regions described above.

[0209] In a further aspect, an anti-IL-13 antibody according to any of the above

embodiments may incorporate any of the features, singly or in combination, as described in

Sections -7 below:

Anti-MF Antibodies

[0210] In one aspect, the invention provides isolated antibodies that bind to membrane

proximal M l * region of surface expressed IgE on human B cells.

[0211] In one embodiment, the anti-MF antibody comprises a HVR-Ll comprising

amino acid sequence SEQ ID NO:6; an HVR-L2 comprising amino acid sequence SEQ ID

NO: 7; an HVR-L3 comprising amino acid sequence SEQ ID NO:8; an HVR-H1 comprising

amino acid sequence SEQ ID :3; an HVR-H2 comprising amino acid sequence SEQ ID

NO:4; and an HVR-H3 comprising amino acid sequence SEQ ID NO:5.

[02 ] In another embodiment, the antibody comprises the variable region sequences

SEQ ID NO:l and SEQ ID O:2.

[0213] In any of th e above embodiments, an anti-M ' antibody can be humanized. In

one embodiment, an anti-M antibody comprises HVRs as in any of the above



embodiments, and farther comprises an acceptor human framework, e.g. a human

immunoglobulin framework or a human consensus framework.

[0214] In another aspect, an anti-MP antibody comprises a heavy chain variable domain

(VH) sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

00% sequence identity to the amino acid sequence of SEQ ID NQ:1. In certain

embodiments, a VH sequence having at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, or 99% identity contains substitutions (e.g., conservative substitutions), insertions, or

deletions relative to the reference sequence, but an anti-MP antibody comprising that

sequence retains the ability to bind to human M ' . In certain embodiments, a total of 1 to 10

amino acids have been substituted, altered inserted and/or deleted in SEQ ID NO:l. In

certain embodiments, substitutions, insertions, or deletions occur in regions outside the HVRs

(i.e., in the F s). Optionally, the anti-MP antibody comprises the VH sequence in SEQ ID

NO:l, including post-translational modifications of that sequence.

[Θ215 In another aspect, an anti-MP antibody is provided, wherein the antibody

comprises a light chain variable domain (VL) having at least 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid sequence of SEQ

ID NO:2. In certain embodiments, a VL sequence having at least 90%, 91%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, or 99% identity contains substitutions (e.g., conservative

substitutions), insertions, or deletions relative to the reference sequence, but an anti-MP

antibody comprising that sequence retains the ability to bind to M P In certain

embodiments, a total of 1 to 10 amino acids have been substituted, inserted and/or deleted in

SEQ ID NO:2. In certain embodiments, the substitutions, insertions, or deletions occur in

regions outside the HVRs (i.e., in the FRs). Optionally, the anti-MP antibody comprises the

VL sequence in SEQ ID NO:2, including post-translational modifications of that sequence.

[02 ] In yet another embodiment, the anti-Mi ' antibody comprises a VL region having

at least 90%, %, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity

to the amino acid sequence of SEQ ID NO:2 and a VH region having at least 90%, %,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino acid

sequence of SEQ ID NO: 1. In yet a further embodiment, the anti-MP antibody comprises a

HVR-LI comprising amino acid sequence SEQ ID NO:6; an HVR-L2 comprising amino

acid sequence SEQ ID NO: ; an HVR-L3 comprising amino acid sequence SEQ ID NO:8; an

HVR-Hl comprising amino acid sequence SEQ ID NQ:3; an HVR-H2 comprising amino
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acid sequence SEQ ID N0:4; and an HVR-H3 comprising amino acid sequence SEQ ID

O:5.

[0217] In another aspect, an anti- Μ Γ antibody is provided, wherein the antibody

comprises a VH as in any of the embodiments provided above, and a VL as in any of the

embodiments provided ab ove

[0218] In a further aspect, the invention provides an antibody that binds to the same

epitope as an anti- Μ antibody provided herein. For example, in certain embodiments, an

antibody is provided that binds to the same epitope as or can by competitively inhibited by an

anti-Mi ' antibody comprising a VH sequence of SEQ ID NO:l and a V L sequence of SEQ

ID NO:2.

[02 ] In a further aspect of the invention, an anti-Mi ' antibody according to any of the

above embodiment can be a monoclonal antibody, including a chimeric, humanized or human

antibody. n one embodiment, an anti-M antibody is an antibody fragment, e.g., a Fv, Fab,

Fab', scFv, diabody, or F(ab')2 fragment. In another embodiment, the antibody is a fu l

length antibody, e.g., an intact gG l or IgG4 antibody or other antibody class or isotype as

defined herein. According to another embodiment, the antibody is a bispecific antibody. In

one embodiment, the bispecific antibody comprises the HVRs or comprises the V I and VL

regions described above.

[0220] In a further aspect, an anti-Mi ' antibody according to any of the above

embodiments may incorporate any of the features, singly or in combination, as described in

Sections -7 below:

1, Antibody Affinity

[0221] In certain embodiments, an antibody provided herein has a dissociation constant

(Kd) of < h iXL < 100 M, < 10 nV!. < 1 nM, < 0.1 M, < 0.01 nM, or < 0.001 nM (e.g. 0-8

M or less, e.g. from 10-8 M to 10-13 M, e.g., from 10-9 M to 10-13 M).

[0222] In one embodiment, Kd is measured by a radiolabeled antigen binding assay

(RIA) performed with the Fab version of an antibody of interest and its antigen as described

by the following assay. Solution binding affinity of Fabs for antigen is measured by

equilibrating Fab with a minimal concentration of (125I)-labeled antigen in the presence of a

titration series of unlabeled antigen, then capturing bound antigen with an anti-Fab antibody-

coated plate (see, e.g., Chen et a! , J . Mol. Biol. 293:865-881(1999)). To establish conditions

for the assay, MICROTITER® multi-well plates (Thermo Scientific) are coated overnight

with 5 , g /m of a capturing anti-Fab antibody (Cappel Labs) in 50 mM sodium carbonate (pH



9.6), and subsequently blocked with 2% (w/v) bovine serum albumin in PBS for two to five

hours at room temperature (approximately 23°C). In a non-adsorbent plate (Nunc #269620),

100 pM or 26 pM [125T]-antigen are mixed with serial dilutions of a Fab of interest (e.g.,

consistent with assessment of the anti-VEGF antibody, Fab- 12, in Presta et al., Cancer Res.

57:4593-4599 (1997)). The Fab of interest is then incubated overnight; however, the

incubation may continue for a longer period (e.g., about 65 hours) to ensure that equilibrium

is reached. Thereafter, the mixtures are transferred to the capture plate for incubation at

room temperature (e.g., for one hour). The solution is then removed and the plate washed

eight times with 0. % polysorbate 20 (TWEEN-20®) in PBS. When the plates have dried,

150 µ /we of scintiliant (MICROSCINT-20 TM; Packard) is added, and the plates are

counted on a TOPCOUNT TM gamma counter (Packard) for ten minutes. Concentrations of

each Fab that give less than or equal to 20% of maximal binding are chosen for use in

competitive binding assays.

[0223] According to another embodiment, Kd is measured using surface plasmon

resonance assays using a BIACORE®-2000 or a BIACORE ®-3000 (BIAcore, Inc.,

Piscataway, J) at 25°C with immobilized antigen CMS chips at ~10 response units (RU).

Briefly, carboxymethylated dextran biosensor chips (CM5, BIACORE, Inc.) are activated

with -ethy - ' - (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-

hydroxysuccinimide (NHS) according to the supplier's instructions. Antigen is diluted with

10 mM sodium acetate, p 4.8, to 5 xg /'m ] (~0.2 µΜ ) before injection at a flow rate of 5

µ /mmute to achieve approximately 10 response units (RU) of coupled protein. Following

the injection of antigen, 1 M ethanolamine is injected to block unreacted groups. For kinetics

measurements, two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS with

0.05% polysorbate 20 (TWEEN-20TM) surfactant (PBST) at 25°C at a flow rate of

approximately 25 µ /min. Association rates (kon) and dissociation rates (koff) are calculated

using a simple one-to-one Langmuir binding model (BIACORE. Evaluation Software

version 3.2) by simultaneously fitting the association and dissociation sensorgrams. The

equilibrium dissociation constant (Kd) is calculated as the ratio koff/kon. See, e.g., Chen et

al., J . Mol. Biol. 293:865-881 (1999). f the on-rate exceeds 106 M- s-1 by the surface

plasmon resonance assay above, then the on-rate can be determined by using a fluorescent

quenching technique that measures the increase or decrease in fluorescence emission

intensity (excitation = 295 tun; emission = 340 nm, 6 n band-pass) at 25oC of a 20 nM

antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of
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antigen as measured in a spectrometer, such as a stop-flow equipped spectrophometer (Aviv

Instruments) or a 8000-series SLM-AMINCO TM spectrophotometer (ThermoSpectronic)

with a stirred cuvette.

2. Antibody Fragments

[0224] In certain embodiments, an antibody provided herein is an antibody fragment.

Antibody fragments include, but are not limited to. Fab, Fab', Fab'-SH, F(ab')2, Fv, and scFv

fragments, and other fragments described below. For a review of certain antibody fragments,

see Hudson et a Nat. Med. 9:129-134 (2003). For a review' of scFv fragments, see, e.g.,

Pluckfhiin, in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore

eds., (Springer-Verlag, New York), pp. 269-31 5 (1994); see a so WO 93/16185; and U.S.

Patent Nos. 5,571,894 and 5,587,458. For discussion of Fab and F(ab')2 fragments

comprising salvage receptor binding epitope residues and having increased in vivo half-life,

see U.S. Patent No. 5,869,046.

[0225] Diabodies are antibody fragments with two antigen-binding sites tha may be

bivalent or bispecific. See, for example, EP 404,097; WO 1993/01 161; Hudson et al., Nat.

Med. 9:129-134 2003 s. and Hollinger et al, Proc. Natl. Acad. Sci. USA 90: 6444-6448

(1993). Triabodies and tetrabodies are also described in Hudson et al, Nat. Med. 9:129-134

(2003).

f 226] Single-domain antibodies are antibody fragments comprising all or a portion of

the heavy chain variable domain or al or a portion of the light chain variable domain of an

antibody. In certain embodiments, a single-domain antibody is a human single-domain

antibody (Domantis, Inc., Waitham, MA; see, e.g., U.S. Patent No. 6,248,516 Bl).

[0227] Antibody fragments can be made by various techniques, including but not limited

to proteolytic digestion of an intact antibody as well as production by recombinant host cells

(e.g. E . coli or phage), as described herein.

3, Chimeric and Humanized Antibodies

[0228] In certain embodiments, an antibody provided herein is a chimeric antibody.

Certain chimeric antibodies are described, e.g., in U.S. Patent No. 4,816,567; and Morrison et

al, Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). In one example, a chimeric antibody

comprises a non-human variable region (e.g., a variable region derived from a mouse, rat,

hamster, rabbit, or non-human primate, such as a monkey) and a human constant region. In a

further example, a chimeric antibody is a "class switched" antibody in which the class or
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subclass has been changed from that of the parent antibody. Chimeric antibodies include

antigen- binding fragments thereof

[0229] In certain embodiments, a chimeric antibody is a humanized antibody. Typically,

a non-human antibody is humanized to reduce immunogeniciiy to humans, while retaining

the specificity and affinity of the parental non-human antibody. Generally, a humanized

antibody comprises one or more variable domains in which HVRs, e.g., CDRs, (or portions

thereof) are derived from a non-human antibody, and FRs (or portions thereof) are derived

from human antibody sequences. A humanized antibody optionally will also comprise at

least a portion of a human constant region. In some embodiments, some FR residues in a

humanized antibody are substituted with corresponding residues from a non-human antibody

(e.g., the antibody from which the HVR residues are derived), e.g., to restore or improve

antibody specificity or affinity.

[0230] Humanized antibodies and methods of making them are reviewed, e.g. , in

Almagro and Fransson, Front. Biosci. 13:1619-1633 (2008), and are further described e.g., in

Riechmann et al, Nature 332:323-329 (1988); Queen et al, Proc. Nat'l Acad. Sci. USA

86:10029-10033 (1989); US Patent Nos. 5, 821,337, 7,527,791, 6,982,321 , and 7,087,409;

Kashmiri et al., Methods 36:25-34 (2005) (describing SDR (a-CDR) grafting); Padlan, Mol.

Immunol. 28:489-498 (1991) (describing "resurfacing"); Dall'Acqua et al., Methods 36:43-

60 (2005) (describing "FR shuffling"); and Osbourn et al, Methods 36:61-68 (2005) and

Klimka et al., Br. J . Cancer, 83:252-260 (2000) (describing the "guided selection" approach

to FR shuffling).

|0231] Human framework regions that may be used for humanization include but are not

limited to: framework regions selected using the "best-fit" method (see, e.g., Sims et al. J .

Immunol. 151:2296 (1993)); framework regions derived from the consensus sequence of

human antibodies of a particular subgroup of light or heavy chain variable regions (see, e.g.,

Carter et al. Proc. Nail. Acad. Sci. USA, 89:4285 (1992); and Presta et al. J . Immunol,

1 2623 (1993 )); human mature (somatically mutated) framework regions or human

germline framework regions (see, e.g., Almagro and Fransson, Front. Biosci. 13:1619-1633

(2008)); and framework regions derived from screening FR libraries (see, e.g., Baca et al , J .

Biol. ( heir:. 272:10678-10684 (1997) an Rosok et al, J . Biol. Chem. 271 :226 -226 8

(1996)).

, Human Antibodies
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[0232] In certain embodiments, an antibody provided herein is a human antibody.

Human antibodies can be produced using various techniques known in the art. Human

antibodies are described generally in van Dijk and van de Winkel, Curr. Opin. Pharmacol. 5 :

368-74 (2001) and Lonberg, Curr. Opin. Immunol. 20:450-459 (2008).

0233] Human antibodies may be prepared by administering an immunogen to

transgenic animal that has been modified to produce intact human antibodies or intact

antibodies with human variable regions in response to antigenic challenge. Such animals

typically contain all or a . portion of the human immunoglobulin loci, which replace the

endogenous immunoglobulin loci, or which are present extrachromosoraally or integrated

randomly into the animal's chromosomes. In suc transgenic mice, the endogenous

immunoglobulin loci have generally been inactivated. For review of methods for obtaining

human antibodies from transgenic animals, see Lonberg, Nat. Biotech. 23: 7- 25 (2005).

See also, e.g., U.S. Patent Nos. 6,075,181 and 6,150,584 describing XENOMOUSETM

technology; U.S. Patent No. 5,770,429 describing HUMAB® technology; U.S. Patent No.

7,041,870 describing K-M MOUSE® technology, and U.S. Patent Application Publication

No. US 2007/0061900, describing VELOCIMOUSE® technology). Human variable regions

from intact antibodies generated by such animals may be further modified, e.g., by combining

with a different human constant region.

[0234] Human antibodies can also be made by hybridoma-based methods. Human

myeloma and mouse-human heteromyeloma cell lines for the production of human

monoclonal antibodies have been described. (See, e.g., Kozbor J . Immunol, 133: 3001

(1984); Brodeur et al, Monoclonal Antibody Production Techniques and Applications, pp.

51-63 (Marcel Dekker, Inc., New York, 1987); and Boerner et al., J . Immunol., 147: 86

( 99 ).) Human antibodies generated via human B-cell hybridoma technology are also

described in Li et al, Proc. Natl. Acad. Sci. USA, 103:3557-3562 (2006). Additional

methods include those described, for example, in U.S. Patent No. 7, 89,826 (describing

production of monoclonal human IgM antibodies from hybridoma cell lines) and Ni, Xiandai

Mianyixue, 26(4):265-268 (2006) (describing human-human hybridomas). Human

hybridoma. technology (Trioma technology) is a so described in Vollmers and Brandlein,

Histology and Histopathology, 20(3):927-937 (2005) and Vollmers and Brandlein, Methods

and Findings in Experimental and Clinical Pharmacology, 27(3): 185- (2005).

|0235] Human antibodies may also be generated by isolating Fv clone variable domain

sequences selected from human-derived phage display libraries. Such variable domain
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sequences may then be combined with a desired human constant domain. Techniques for

selecting human antibodies from antibody libraries are described below

5. Library-DerivedAntibodies

[Θ236 Antibodies of the invention may be isolated by screening combinatorial libraries

for antibodies with the desired activity or activities. For example, a variety of methods are

known in the art for generating phage display libraries and screening such libraries for

antibodies possessing the desired binding characteristics. Such methods are reviewed, e.g., in

Hoogenboom et al in Methods in Molecular Biology 178:1-37 (O'Brien e al., ed., Human

Press, Totowa, NJ, 200 ) and further described, e.g., in the MeCafferty et al., Nature

348:552-554; Clackson et al., Nature 352: 624-628 (1991); Marks et al, J . Mol. Biol. 222:

581-597 (1992); Marks and Bradbury, in Methods in Molecular Biology 248:161-175 (Lo,

ed., Human Press, Totowa, NJ, 2003); Sid et al , J. Mol. Biol. 338(2): 299- 0 (2004); Lee

et al., J . Mol. Biol. 340(5): 1073-1093 (2004); Feliouse, Proc. Natl. Acad. Sci. USA 101(34):

12467-12472 (2004); and Lee et al, J . Immunol Methods 284(1-2): 9- 32(2004)

[0237] In certain phage display methods, repertoires of VH and VL genes are separately

cloned by polymerase chain reaction (PGR) and recombined randomly in phage libraries,

which can then be screened for antigen-binding phage as described in Winter et al , Ann.

Rev Immunol, 12: 433-455 (1994). Phage typically display antibody fragments, either as

single-chain Fv (scFv) fragments or as Fab fragments. Libraries from immunized sources

provide high-affinity antibodies to the immunogen without the requirement of constructing

hybridomas. Alternatively, the naive repertoire can be cloned (e.g., from human) to provide a

single source of antibodies to a wide range of non-self and also self antigens without any

immunization as described by Griffiths et al., EMBO J, 12: 725-734 (1993). Finally, naive

libraries can also be made synthetically by cloning unrearranged V-gene segments from stem

cells, and using PGR primers containing random sequence to encode the highly variable

CDR3 regions and to accompiish rearrangement in vitro, as described by Hoogenboom and

Winter, J . Mol. Biol, 227: 381 -388 ( 1992). Patent publications describing human antibody

phage libraries include, for example: US Patent No. 5,750,373, and US Patent Publication

Nos 2005/0079574, 2005/0119455, 2005/0266000, 2007/0117126, 2007/0160598,

2007/0237764, 2007/0292936, and 2009/0002360.

[0238] Antibodies or antibody fragments isolated from human antibody libraries are

considered human antibodies or human antibody fragments herein.
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[0239] In certain embodiments, an antibody provided herein is a multispecific antibody,

e.g. a bispecific antibody. Multispecific antibodies are monoclonal antibodies that have

binding specificities for at least two different sites n certain embodiments, one of the

binding specificities is for IL-13 and the other is for any other antigen. In certain

embodiments, bispecific antibodies may bind to two different epitopes of IL-13. Bispecific

antibodies may also be used to localize cytotoxic agents to cells. Bispecific antibodies can be

prepared as full length antibodies or antibody fragments

[0240] Techniques for making multispecific antibodies include, but are not limited to,

recombinant co-expression of two immunoglobulin heavy chain-light chain pairs having

different specificities (see Milstein and Cuelio, Nature 305: 537 (1983)), WO 93/08829, and

Traunecker et al, EMBO J . 10: 3655 (1991)), and "knob-in-hole" engineering (see, e.g., U.S.

Patent No 5,73 1,168). Multi-specific antibodies may a so be made by engineering

electrostatic steering effects for making antibody Fc-heterodimeric molecules (WO

2009/089004A1); cross-linking two or more antibodies or fragments (see, e.g., US Patent No.

4,676,980, and Brennan et al., Science, 229: 8 (1985)); using leucine zippers to produce b i

specific antibodies (see, e.g., oste ny et al, J . Immunol, 148(5): 1547-1553 (1992)); using

"diabody" technology for making bispecific antibody fragments (see, e.g., Hollinger et al,

Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993)); and using single-chain Fv (sFv) dimers

(see,e.g. Gruber e al, J . Immunol, 152:5368 (1994)); and preparing trispecific antibodies as

described, e.g., in Tutt et al. J . Immunol. 47: 60 (1991).

[0241] Engineered antibodies with three or more functional antigen binding sites,

including "Octopus antibodies," are also included herein (see, e.g. US 2006/0025576A1).

[0242] The antibody or fragment herein also includes a "Dual Acting FAb" or "DAF"

comprising an antigen binding site that binds to IL-13 as well as another, different antigen

(see, US 2008/0069820, for example).

7, Antibody Variants

[0243] In certain embodiments, amino acid sequence variants of the antibodies provided

herein are contemplated. For example, it may be desirable to improve the binding affinity

and/or other biological properties of the antibody. Amino acid sequence variants of an

antibody may be prepared by introducing appropriate modifications into the nucleotide

sequence encoding the antibody, or by peptide synthesis. Such modifications include, for

example, deletions from, and/or insertions into and/or substitutions of residues within the

amino acid sequences of the antibody. Any combination of deletion, insertion, and



substitution can be ade to arrive at the final construct, provided that the final construct

possesses the desired characteristics, e.g. antigen-binding.

[0244] In certain embodiments, antibody variants having one or more amino acid

substitutions are provided. Sites of interest for substitutional mutagenesis include the HVRs

and FRs. Conservative substitutions are shown in Table 1 under the heading of "conservative

substitutions." More substantial changes are provided in Table 1 under the heading of

"exemplary s bstitut o ," and as further described below in reference to amino acid side

chain classes. Amino acid substitutions may be introduced into an antibody of interest and

the products screened for a desired activity, e.g., retained/improved antigen binding,

decreased immunogenicity, or improved ADCC or CDC.

TABLE 1
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[0245] Amino acids may be grouped according to common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, l ie

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

(3) acidic: Asp, G ;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Tip, Tyr, Phe.

|0246] Non-conservative substitutions will entail exchanging a member of one of these

classes for another class.

[0247] One type of substitutional variant involves substituting one or more hypervariable

region residues of a parent antibody (e.g. a humanized or human antibody). Generally, the

resulting variants) selected for further study will have modifications (e.g., improvements) in

certain biological properties (e.g., increased affinity, reduced immunogenic! ty) relative to the

parent antibody and/or will have substantially retained certain biological properties of the parent

antibody. An exemplary substitutional variant is an affinity matured antibody, which may be

conveniently generated, e.g., using phage display-based affinity maturation techniques such as

those described herein. Briefly, one or more HVR residues are mutated and the variant

antibodies displayed on phage and screened for a particular biological activity (e.g. binding

affinity).

[0248] Alterations (e.g., substitutions) may be made in TTVRs, e.g., to improve antibody

affinity. Such alterations may be made in HVR "hotspots," i.e., residues encoded by codons that

undergo mutation at high frequency during the somatic maturation process (see, e.g.,

Chowdhury, Methods MoL Biol. 207:179-196 (2008)), and/or SDRs (a-CDRs), with the

resulting variant VH or VL being tested for binding affinity. Affinity maturation by constructing

and reselecting from secondary libraries has been described, e.g., in Hoogenboom et a . in

Methods in Molecular Biology 178: -37 (O'Brien et al., ed., Human Press, Totowa, , (2001).)

n some embodiments of affinity maturation, diversity is introduced into the variable genes

chosen for maturation by any of a variety of methods (e.g., error-prone PGR, chain shuffling, or

oligonucleotide-directed mutagenesis). A secondary library is then created. The library is then

screened to identify any antibody variants with the desired affinity. Another method to introduce

diversity involves HVR-directed approaches, in which several HVR residues (e.g., 4-6 residues

at a time) are randomized. HVR. residues involved in antigen binding may be specifically
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identified, e.g., using alanine scanning mutagenesis or modeling. CD -H3 and CDR-L3 in

particular are often targeted.

[0249] In certain embodiments, substitutions, insertions, or deletions may occur within one

or more HVRs so long as such alterations do not substantially reduce the ability of the antibody

to bind antigen. For example, conservative alterations (e.g., conservative substitutions as

provided herein) that do not substantially reduce binding affinity may be made in HVRs. Such

alterations may be outside ofHVR "hotspots" or SDRs. n certain embodiments of the variant

VH and VL sequences provided above, each HVR either is unaltered, or contains no more than

one, two or three amino acid substitutions.

[0250] A useful method for identification of residues or regions of an antibody that may be

targeted for mutagenesis is called "alanine scanning mutagenesis" as described by Cunningham

and Weils (1989) Science, 244: 1081-1085. In this method, a residue or group of target residues

(e.g., charged residues such as arg, asp, his, ys, and glu) are identified and replaced by a . neutral

or negati vely charged amino acid (e.g., alanine or polyalanine) to determine whether the

interaction of the antibody with antigen is affected. Further substitutions may be introduced at

l e amino acid locations demonstrating functional sensitivity to the initial substitutions.

Alternatively, or additionally, a crystal structure of an antigen-antibody complex to identify

contact points between the antibody and antigen. Such contact residues and neighboring residues

may be targeted or eliminated as candidates for substitution. Variants may be screened to

determine whether they contain the desired properties.

[0251] Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions

ranging in length from one residue to polypeptides containing hundred or more residues, as

wel as intrasequence insertions of single or multiple amino acid residues. Examples of terminal

insertions include an antibody with an N-terrninal meihionyl residue. Other insertional variants

of the antibody molecule include the fusion to the N- or C-terminus of the antibody to an enzyme

(e.g. for ADEPT) or a poly peptide which increases the serum half-life of the antibody .

[0252] n certain embodiments, an antibody provided herein is altered to increase or

decrease the extent to which the antibody is glycosylated. Addition or deletion of glycosylation

sites to an antibody may be conveniently accomplished by altering the amino acid sequence such

that one or more glycosylation sites is created or removed.

[0253] Where the antibody comprises an Fc region, the carbohydrate attached thereto may¬

be altered. Native antibodies produced by mammalian ceils typically comprise a branched,



biantennary oligosaccharide that Is generally attached by an -linkage to Asn297 of the CH2

domain of the Fc region. See, e.g., Wright et al. T1BTECH 15:26-32 (1997). The

oligosaccharide may include various carbohydrates, e.g., mannose, N-acetyl glucosamine

(GicNAc), galactose, and sialic acid, as well as a fueose attached to a . Glc Ac in the "stem" of

the biantennary oligosaccharide structure. In some embodiments, modifications of the

oligosaccharide in an antibody of the invention may be made in order to create antibody variants

with certain improved properties.

[0254] In one embodiment, antibody variants are provided having a carbohydrate st ct re

that lacks fueose attached (directly or indirectly) to an Fc region. For example, the amount of

fueose in such antibody may be from 1% to 80%, from % to 65%, from 5% to 65% or from

20% to 40%. The amount of fueose is determined by calculating the average amount of fueose

within the sugar chain at Asn297, relative to the sum of ail glyeostruetures attached to Asn 297

(e. g. complex, hybrid and high mannose structures) as measured by MALDI-TOF mass

spectrometry, as described in WO 2008/077546, for example. Asn297 refers to the asparagine

residue located at about position 297 in the Fc region (Eu numbering of Fc region residues);

however, Asn297 may also be located about ± 3 amino acids upstream or downstream of

position 297, i.e., between positions 294 and 300, due to minor sequence variations in antibodies.

Such fucosylation variants may have improved ADCC function. See, e.g., US Patent Publication

os. US 2003/0157108 (Presta, L.); US 2004/0093621 ( yowa Hakko Kogyo Co., Ltd).

Examples of publications related to "defucosylated" or "fucose-deficient" antibody variants

include: US 2003/0157108; WO 2000/61739; WO 2001/29246; US 2003/01 15614; US

2002/0164328; US 2004/0093621; US 2004/0132140; US 2004/0110704; US 2004/01 10282;

US 2004/0109865; WO 2003/085119; WO 2003/084570; WO 2005/035586; WO 2005/035778;

WO2005/053742; WO2002/03 140; Okazaki et al. J . Mol. Biol. 336:1239-1249 (2004);

Yarnane-Ohnuki et al. Biotech. Bioeng. 87: 6 4 (2004). Examples of cell lines capable of

producing defucosylated antibodies include Lee 13 CHO cells deficient in protein fucosylation

(Ripka et al. Arch. Biochem Biophys. 249:533-545 (1986); US Pat App No US 2003/0157108

Presta, L; and WO 2004/0563 2 Al, Adams et al., especially at Example 11), and knockout

ce l lines, such as alpha- ,6-fucosyltransferase gene, FUT8, knockout CHO cells (see, e.g.,

Yamane-Ohnuki et al. Biotech. Bioeng. 87: 614 (2004); Kanda, Y. et al.. Biotechnol. Bioeng.,

94(4):680-688 (2006); and WO2003/085107).

[0255] Antibodies variants are further provided with bisected oligosaccharides, e.g., in

which a biantennary oligosaccharide attached to the Fc region of the aniibody is bisected by



GlcNAc. Such antibody variants may have reduced fucosylation and/or improved ADCC

function. Examples of such antibody variants are described, e.g., in WO 2003/01 1878 (Jean-

Mairet et al.); US Patent No. 6,602,684 (Umana et al.); and US 2005/0123546 (Umana et al).

Antibody variants with at least one galactose residue in the oligosaccharide attached to the Fc

region are also provided. Such antibody variants may have improved CDC function. Such

antibody variants are described, e.g., in WO 1997/30087 (Patel et al); WO 1998/58964 (Raju,

S.); and WO 1999/22764 (Raju, S.j.

F c region variants

|0256] In certain embodiments, one or more amino acid modifications may be introduced

into the Fc region of an antibody provided herein, thereby generating an Fc region variant. The

Fc region variant may comprise a human Fc region sequence (e.g., a human IgG , IgG2, IgG3 or

IgG4 Fc region) comprising an amino acid modification (e.g. a substitution) at one or more

amino acid positions.

[0257] In certain embodiments, the invention contemplates an antibody variant that

possesses some but not all effector functions, which make it a desirable candidate for

applications in which the half life of the antibody in vivo is important yet certain effector

functions (such as complement and ADCC) are unnecessary or deleterious. n vitro and/or in

vivo cytotoxicity assays can be conducted to confinn the reduction/depletion of CDC and'or

ADCC activities. For example, Fc receptor (FcR) binding assays can be conducted to ensure that

the antibody lacks FcyR binding (hence likely lacking ADCC activity), but retains FcRn binding

ability. The primary cells for mediating ADCC. NK cells, express FcyRIII only, whereas

monocytes express FcyRI, FcyRJJ and FcyRIII. FcR expression on hematopoietic cells is

summarized in Table 3 on page 464 of Ravetch and Kinet, Annu. Rev. Immunol. 9:457-492

( 99 ). Non-limiting examples of in vitro assays to assess ADCC activity of a molecule of

interest is described in U.S. Patent No. 5,500,362 (see, e.g. Heilstrom, I. et al. Proc Nat'l Acad.

Sci. USA 83:7059-7063 (1986)) and Heilstrom, I et al, Proc. Nat'l Acad. Sci. USA 82:1499-

502 (1985); 5,821,337 (see Bruggemann, M. et al., J . Exp. Med. 166:1351-1361 (1987)).

Alternatively, non-radioactive assays methods may be employed (see, for example, ACT1™ non

radioactive cytotoxicity assay for flow cytometry (CellTeehnology, Inc. Mountain View, CA;

and CytoTox 96® non-radioactive cytotoxicity assay (Promega, Madison, WI). Useful effector

ceils for such assays include peripheral blood mononuclear cells (PBMC) and Natural Killer

(NK) cells. Alternatively, or additionally, ADCC activity of the molecule of interest may be

assessed in vivo, e.g., in a animal model such as that disclosed in Clynes et al. Proc. Nat'l Acad.



Sci. USA 95:652-656 (1998). C binding assays ay also be carried out to confirm that the

antibody is unable to bind Clq and hence lacks CDC activity. See, e.g., C q and C3c binding

ELISA in WO 2006/029879 and WO 2005/100402. To assess complement activation, a CDC

assay may be performed (see, for example, Gazzano-Santoro et al, J. Immunol. Methods

202:163 (1996); Cragg, M.S. et al., Blood 101 :1045-1052 (2003); and Cragg, M.S. and M .

Glennie, Blood 103:2738-2743 (2004)). FcRn binding and in vivo clearance/half life

determinations can also be performed using methods known in the art (see, e.g., Petkova, S.B. et

al., Int'l. Immunol. 18(1 2): 759-1769 (2006)).

j0258j Antibodies with reduced effector function include those with substitution of one or

more of Fc region residues 238, 265, 269, 270, 297, 327 and 329 (U.S. Patent No. 6,737,056).

Such Fc mutants include Fc mutants with substitutions at two or more of amino acid positions

265, 269, 270, 297 and 327, including the so-called "DANA" Fc mutant with substitution of

residues 265 and 297 to alanine (US Patent No. 7,332,581).

[0259] Certain antibody variants with improved or diminished binding to FcRs are

described. (See, e.g., U.S. Patent No. 6,737,056; WO 2004/056312, and Shields et al, J . Biol.

Che . 9(2): 6591-6604 (2001).)

[0260] In certain embodiments, an antibody variant comprises an Fc region with one or

more amino acid substitutions which improve ADCC, e.g., substitutions at positions 298, 333,

and or 334 of the Fc region (EU numbering of residues).

[0261] In some embodiments, alterations are made in the Fc region that result in altered

(i.e., either improved or diminished) C q binding and'Or Complement Dependent Cytotoxicity

(CDC), e.g., as described in US Patent No. 6,194,551, WO 99/ 642, and Idusogie et a J .

Immunol. 64 : 4178-4184 (2000).

[0262] Antibodies with increased half lives and improved binding to the neonatal Fc

receptor (FcRn), which is responsible for the transfer of maternal gGs to the fetus (Guyer et al,

J . Immunol. 117:587 (1976) and Kim et al., J . Immunol. 24:249 (1994)), are described in

US2005/0014934AI (Hinton et al.). Those antibodies comprise an Fc region with one or more

substitutions therein which improve binding of the Fc region to FcRn. Such Fc variants include

those with substitutions at one or more of Fc region residues: 238, 256, 265, 272, 286, 303, 305,

307, 3 , 2 , 3 7, 340, 356, 360, 362, 376, 378, 380, 382, 413, 424 or 434, e.g., substitution of

Fc region residue 434 (US Patent No. 7,371,826).

10263] See also Duncan & Winter, Nature 322:738-40 (1988); U.S. Patent No. 5,648,260:

U.S. Patent No. 5,624,821; and WO 94/29351 concerning other examples of Fc region variants.



Cysteine engineered a ibod variants

|0264] In certain embodiments, it may be desirable to create cysteine engineered antibodies,

e.g., "thioMAbs," in which one or more residues of an antibody are substituted with cysteine

residues n particular embodiments, the substituted residues occur at accessible sites of the

antibody. By substituting those residues with cysteine, reactive thiol groups are thereby

positioned at accessible sites of the antibody and may be used to conjugate the antibody to other

moieties, such as drug moieties or linker-drug moieties, to create an immunoconjugate, as

described further herein. In certain embodiments, any one or more of the following residues may

be substituted with cysteine: V205 ( abat numbering) of the light chain: A l 8 (EU numbering)

of the heavy chain; and S400 (EU numbering) of the heavy chain Fc region. Cysteine

engineered antibodies may be generated as described, e.g., in U.S. Patent No. 7,521,541.

[0265] In certain embodiments, an antibody provided herein may be further modified to

contain additional nonproteinaceous moieties that are known in the art and readily available. The

moieties suitable for derivatization of the antibody include but are not limited to water soluble

polymers. Non-limiting examples of water soluble polymers include, but are not limited to,

polyethy lene giyco (PEG), copolymers of ethylene glycol/propylene giycoi,

carboxymetliylceilulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone, poly-1, 3-dioxolane,

po3y-l,3,6-trioxane, ethylene/maleie anhydride copolymer, polyaminoacids (either

homopoiymers or random copolymers), and dextran or poly(n-vinyi pynOlidone)poiyetliylene

glycol, propropylene giycoi homopoiymers, prolypropylene oxide/ethylene oxide co-polymers,

polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures thereof. Polyethylene

glycol propionaidehyde may have advantages in manufacturing due to its stability in water. The

polymer may be of any molecular weight, and may be branched or unbranched. The number of

polymers attached to the antibody may vary, and if more than one polymer is attached, they can

be the same or different molecules. In general, the number and/or type of polymers used for

derivatization can be determined based on considerations including, but not limited to, the

particular properties or functions of the antibody to be improved, whether the antibody derivative

will be used in therapy under defined conditions, etc.

[0266] In another embodiment, conjugates of an antibody and nonproteinaceous moiety that

may be selectively heated by exposure to radiation are provided. In one embodiment, the

nonproteinaceous moiety is a . carbon nanotube (Kam et al., Proc. Natl. Acad. Sci. USA 102:

1600-1 1605 (2005)). The radiation may be of any wavelength, and includes, but is not limited



to, wavelengths that do not hann ordinary cells, but which heat the nonprotein aceous moiety to a

temperature at which cells proximal to the antibody-nonproteinaceous moiety are killed.

[0267] Antibodies may be produced using recombinant methods and compositions, e.g., as

described in U.S. Patent No. 4,816,567. In one embodiment, isolated nucleic acid encoding an

antibody described herein is provided. Such nucleic acid may encode an amino acid sequence

comprising the VL and/or an amino acid sequence comprising the V of the antibody (e.g., the

light and/or heavy chains of the antibody). In a further embodiment, one or more vectors (e.g.,

expression vectors) comprising such nucleic acid are provided. In a further embodiment, a host

cell comprising such nucleic acid is provided. In one such embodiment, a host cell comprises

(e.g., has been transformed with): (1) a vector comprising a nucleic acid that encodes an amino

acid sequence comprising the VL of the antibody and an amino acid sequence comprising the

V of the antibody, or (2) a first vector comprising a nucleic acid that encodes an amino acid

sequence comprising the VL of the antibody and a second vector comprising a nucleic acid that

encodes an amino acid sequence comprising the VH of the antibody. In one embodiment, the

host cell is eukaryotie, e.g. a Chinese Hamster Ovary (CHO) cell or lymphoid cell (e.g., Y0,

NSO, Sp20 cell). In one embodiment, a . method of making an antibody is provided, wherein the

method comprises culturing a host ce l comprising a nucleic acid encoding the antibody, as

provided above, under conditions suitable for expression of the antibody, and optionally

recovering the antibody from the host cell (or host cell cu ure medium).

[0268] For recombinant production of an antibody, nucleic acid encoding an antibody, e.g.,

as described above, is isolated and inserted into one or more vectors for further cloning and or

expression in a host cell. Such nucleic acid may be readily isolated and sequenced using

conventional procedures (e.g., by using oligonucleotide probes that are capable of binding

specifically to genes encoding the heavy and light chains of the antibody).

[0269] Suitable host cells for cloning or expression of antibody-encoding vectors include

prokaiyotic or eukaryotie cells described herein. For example, antibodies may be produced in

bacteria, in particular when glycosyiation and Fc effector function are not needed. For

expression of antibody fragments and polypeptides in bacteria, see, e.g., U.S. Patent Nos.

5,648,237, 5,789,199, and 5,840,523. (See also Charlton, Methods in Molecular Biology, Vol.

248 (B.K.C. Lo, ed., Humana Press, Totowa, NJ, 2003), pp. 245-254, describing expression of

antibody fragments in E. coli.) After expression, the antibody may be isolated from the bacterial

cell paste in a soluble fraction and can be further purified.



[0270] In addition to prokaryotes, eukaiyotic microbes such as filamentous fungi or yeast

are suitable cloning or expression hosts for antibody- encoding vectors, including fungi and yeast

strains whose glycosylation pathways have been "humanized, ' resulting in the production of an

antibody with a partially or fully human glycosylation pattern. See Gerngross, Nat. Biotech.

22:1409-1414 (2004), and Li et a , Nat. Biotech. 24:210-215 (2006).

[0271] Suitable host cells for the expression of glycosylated antibody are also derived from

multicellular organisms (invertebrates and vertebrates). Examples of invertebrate cells include

plant and insect cells. Numerous baculoviral strains have been identified which may be used in

conjunction with insect cells, particularly for transfeetion of Spodoptera frugiperda cells.

[0272] Plant cell cultures can a so be utilized as hosts. See, e.g., US Patent Nos 5,959,177,

6,040,498, 6,420,548, 7,125,978, and 6, 7,429 (describing PLANTIBODIESTM technology

for producing antibodies in transgenic plants).

[0273] Vertebrate cells may a so be used as hosts. For example, mammalian cell lines that

are adapted to grow in suspension may be useful. Oilier examples of useful mammalian host cell

lines are monkey kidney CV1 line transformed by SV40 (COS-7); human embryonic kidney line

(293 or 293 cells as described, e.g., in Graham et ai, J . Gen Virol. 36:59 ( 77)); baby hamster

kidney cells (BH ); mouse Sertoli cells (TM4 cells as described, e.g., in Mather, Biol. Reprod.

23:243-251 (1980)); monkey kidney cells (CVl); African green monkey kidney ceils (VERO-

76); human cervical carcinoma cells (HELA); canine kidney cells (MDCK; buffalo rat liver cells

(BRL 3A); human lung cells W 13 ); human liver cells (Hep G2); mouse mammary tumor

(MMT 060562); TRJ cells, as described, e.g., in Mather et al„ Annals N.Y. Acad. Sci. 383:44-68

(1982); MRC 5 cells; and FS4 cells. Other useful mammalian host cell lines include Chinese

hamster ovary (CHO) cells, including DHFR- CHO cells (Urlaub et ai, Proc. Natl. Acad. Sci.

USA 77:42 16 ( 1980)); and myeloma cell lines such as Y0, NS0 and Sp2/0. For a review of

certain mammalian host cell lines suitable for antibody production, see, e.g., Yazaki and Wu,

Methods in Molecular Biology, Vol. 248 (B.K.C. Lo, ed., Humana Press, Totowa, NJ), pp. 255-

268 (2003).

Methods

[0274] The present invention is based at least in part on the use of specific biomarkers

(e.g., one or more of CSF1, ME1S2, LGALS12, IDOL THBS4, OL1G2, ALOX15, SIGLEC8,

CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1,

SMPD3, CCR3, CLC, CY P4 2, and ABTB2, and combinations thereof) to identify subjects

more or less likely to respond to therapeutic treatment with a TH2 pathway inhibitor. Thus,



the disclosed methods provide convenient, efficient, and potentially cost-effective means to

obtain data and information useful in assessing appropriate or effective therapies for treating

patients. For example, a sample can be obtained from an asthma patient or a respirator}'

disorder patient, and the sample could be examined by various in vitro assays to measure

particular analytes and determine whether the expression level of one or more biomarkers has

increased or decreased as compared to the expression level in a reference population. In

some embodiments, if expression levels of at least 1, 2, 3, 4, 5, 6, 7, or more of CSF1,

MEIS2, LGALS12, 0 1, - 4, 0LIG2, AL0X15, SIGLEC8, CCL23, PYR0 X ,

HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC,

CYP4F12, and ABTB2 in the sample from the patient is greater than or equal to the

expression level in a healthy individual, then the patient is likely to benefit from treatment

with a ΤΉ 2 pathway inhibitor.

[0275] Biomarkers, including proteins or nucleic acids, can be detected or measured

using methods generally known in the art. Expression levels/amount of a gene or a biomarker

can be determined based on any suitable criterion known in the art, including but not limited

to RNA, cDNA, proteins, protein fragments and/or gene copy number. Methods of

detection generally encompass methods to quantify the level of a . biomarker in the sample

(quantitative method) or that determine whether or not a biomarker is present in the sample

(qualitative method). t is generally known to the skilled artisan which of the following

methods are suitable for qualitative and' r for quantitative detection of a biomarker. Samples

can be conveniently assayed for, e.g., proteins using Westerns and immunoassays, like

ELISAs, RI.As, fluorescence-based immunoassays, as well as mRNAs or DNAs from a

genetic biomarker of interest using Northern, dot-blot, polymerase chain reaction (PGR)

analysis, array hybridization, RNase protection assay, or using DNA S P chip microarrays,

which are commercially available, including DNA microarray snapshots. Further suitable

methods to detect biomarker include measuring a physical or chemical property specific for

the peptide or polypeptide such as its precise molecular mass or NMR spectrum. Said

methods comprise, e.g., biosensors, optical devices coupled to immunoassays, biochips,

analytical devices such as mass- spectrometers, NMR- analyzers, or chromatography devices.

Further, methods include micropiate ELISA-based methods, fully-automated or robotic

immunoassays (available for example on ElecsysTM analyzers), CBA (an enzymatic Cobalt

Binding Assay, available for example on Roche-Hi ac TM analyzers), and latex

agglutination assays (available for example on Roche-HitachiTM analyzers).



[0276] In some embodiments, an mRNA biomarker may be amplified by any method

generally known in the art. Amplification generally refers to the production of a plurality of

biomarker molecules from a target biomarker, usually a biomarker molecule present in the

sample. For example, if the biomarker is a nucleic acid amplifying the nucleic acid refers to

the production of a plurality of nucleic acid molecules from a target nucleic acid wherein

primers hybridize to specific sites on the target nucleic acid molecules in order to provide an

initiation site for extension by, e.g. a polymerase. Amplification can be carried out by any

method generally known in the art, such as but not limited to: PCR-based amplification

methods, such as standard PGR, long PGR, hot start PGR, qPCR, and RT-PCR; isothermal

amplification methods, such as nucleic acid sequence-based amplification (NASBA) and the

transcription-mediated amplification (TMA); and hybridization signal amplification methods,

such as the branched DMA assay method.

[0277] In certain embodiments, expression/amount of a gene or biomarker in a sample is

increased as compared to expression/amount in a reference pop ulation if the expression

level/amount of the gene or biomarker in the sample is greater than the expression

level/amount of the gene or biomarker in reference population. Similarly, expression/amount

of a gene or biomarker in a sample is decreased as compared to expression/amount in a

reference population if the expression level/amount of the gene or biomarker in the ample is

less than the expression level/amount of the gene or biomarker in the reference population.

[0278] In certain embodiments, the samples are normalized for both differences in the

amount of RNA or protein assayed and variability in the quality of the RNA or protein

samples used, and variability between assay runs. Such normalization may be accomplished

by measuring and incorporating the expression of certain normalizing genes, including

known housekeeping genes, such as PPIA, ACTB, GAPDH, TFRC, etc. Alternatively,

normalization can be based on the mean or median signal of all of the assayed genes or a

large subset thereof (global normalization approach). On a gene-by-gene basis, measured

normalized amount of a . patient tumor mRNA or protein is compared to the amount found in a

reference set. Normalized expression levels for each mRNA or protein per tested tumor per

patient can be expressed as a percentage of the expression level measured in the reference set.

The expression level measured in a particular patient sample to be analyzed will fal at some

percentile within this range, which can be determined by methods known in the art.

[0279] The expression level of the biomarker(s) of interest and of a housekeeping gene

can be measured from a biological sample from an asthma patient or a respiratory disorder



patient. The resulting detection data (e.g., Ct data) of the biomarker(s) can be normalized

against the detection data for the housekeeping gene resulting in a . ACt value (ACt =

Ct(biomarker gene) - Ct (housekeeping gene). The mean value of the .ACt values of the

biomarker(s) tested can be calculated (e.g., triplicate ACt values for three biomarkers are

added and divided by 9). The expression levels of the same biomarker(s) of interest from a

biological sample from two or more healthy persons can be detected using the same methods

and the mean value and standard deviation for the healthy persons data can be calculated.

Alternatively, if substitute values (e.g., a controls )) has been developed for the same method,

then those values can be used in place of testing healthy persons.

[0280] In some embodiments, the mean Ct or ACt value of the asthma patient or

respiratory disorder patient can be compared against the median or mean Ct or ACt value of

the healthy persons as follows: (1) a threshold value can be set, wherein above the threshold

value, the patient would be considered to be EIP and below the threshold value, the patient

can be considered to be ΕΓ ; (2) in some embodiments, the threshold value is the median Ct

or ACt value of healthy persons (or a control). In some embodiments, the mean Ct or ACt

value of the asthma patient or respiratory disorder patient can be compared against the

median or mean C or ACt value of the healthy persons as follows: ( I) a threshold value can

be set, wherein above the threshold value, the patient would be considered to be EIP and

below the threshold value, the patient can be considered to be EIN; (2) in some embodiments,

the threshold value is 1.5 times the value of the mean Ct or ACt value of healthy persons (or a

control) or two standard deviations above the mean Ct or ACt value of healthy persons (or

control(s)).

[0281] Ct is the threshold cycle. The Ct is the cycle number at which the fluorescence

generated within a reaction crosses a predefined threshold line

[0282] In some embodiments, experiments are normalized to a reference RNA, which is

a comprehensive mix of RNA from various tissue sources (e.g., reference RNA #636538

from Clontech, Mountain View, CA). In another embodiment, the reference RNA is

transferrin receptor (TFRC). In some embodiments, the same reference RNA is included in

each qRT-PCR run, allowing comparison of results between different experimental runs

[0283] biological sample comprising a target gene or biomarker can be obtained by

methods known in the art. In addition, the progress of therapy can be monitored more easily

by testing such body samples for target genes or gene products.



[0284] For the detection of biomarker proteins a wide range of immunoassay techniques

using such an assay format are available, see, e.g., U.S. Pat. os 4,016,043, 4,424,279, and

4,018,653. These include both single-site and two-site or "sandwich" assays of the non

competitive types, as well as in the traditional competitive binding assays. These assays also

include direct binding of a labeled antibody to a target biomarker n certain embodiments,

the expression of proteins in a sample is examined using immunohistochemistry ("IHC") and

staining protocols immimohistoehemical staining of tissue sections has been shown to be a

reliable method of assessing or detecting presence of proteins in a sample.

Immunohisiochemistry techniques utilize an antibody to probe and visualize ceilular antigens

in situ, generally by chromogenic or fluorescent methods.

[0285] Two general methods are available; direct and indirect assays. According to the

first assay, binding of antibody to the target antigen is determined directly. This direct assay

uses a labeled reagent, such as a fluorescent tag or an enzyme-labeled primary antibody,

which can be visualized without further antibody interaction. In a typical indirect assay,

unconjugated primary antibody binds to the antigen and then a . labeled secondary antibody

binds to the primary antibody. Where the secondary antibody is conjugated to an enzymatic

label, a chromogenic or fluorogenic substrate is added to provide visualization of the antigen.

Signal amplification occurs because several secondary antibodies may react with different

epitopes on the primary antibody.

[0286] The primary and/or secondary antibody typically will be labeled with a detectable

moiety. Numerous labels are available which can be generally grouped into the following

categories:

(a) Radioisotopes, such as S, l4C, i 1, H, and L The antibody can be labeled

with the radioisotope using the techniques described in Current Protocols in

Immunology, Volumes 1 and 2, Coligen et al, Ed. Wiley-Interscience, New York,

New York, Pubs. ( 99 ) for example and radioactivity can be measured using

scintillation counting.

(b) Colloidal gold particles.

(c) Fluorescent labels including, but are not limited to, rare earth chelates

(europium chelates), Texas Red, rhodamine, fluorescein, dansyl, Lissamine,

umbelliferone, phycocrytherin, phycocyanin, or commercially available fluorophores

such SPECTRUM ORANGE? and SPECTRUM GREEN7 and/or derivatives of any

one or more of the above. The fluorescent labels can be conjugated to the antibody



using the techniques disclosed in Current Protocols in Immunology, supra, for

example. Fluorescence can be quantified using a fluorimeter.

(d) Various enzyme-substrate labels are available and U.S. Patent No. 4,275,149

provides a . review of some of these. The enzyme generally catalyzes a chemical

alteration of the chromogenic substrate that ca be measured using various

techniques. For example, the enzyme may catalyze a color change in a substrate,

which can be measured spectrophotometrically. Alternatively, the enzyme may alter

the fluorescence or che luminescence of the substrate. Techniques for quanti fying a

change in fluorescence are described above. The chemiluminescent substrate

becomes electronically excited by a chemical reaction and may then em it g t which

can be measured (using a chemiluminometer, for example) or donates energy to a

fluorescent acceptor. Examples of enzymatic labels include luciferases (e.g., firefly

luciferase and bacterial luciferase; U.S. Patent No. 4,737,456). lueiferin, 2,3-

dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such as

horseradish peroxidase (HRPO), alkaline phosphatase, β-galactosidase, glucoamylase,

lysozyme, saccharide oxidases (e.g., glucose oxidase, galactose oxidase, and glucose-

6-phosphate dehydrogenase), heterocyclic oxidases (such as uricase and xanthine

oxidase), lactoperoxidase, microperoxidase, and the like. Techniques for conjugating

enzymes to antibodies are described in O' Sullivan et al, Methods for the Preparation

of Enzyme-Antibody Conjugates for use in Enzyme Immunoassay, in Methods in

Enzym. (ed. J . Langone & . Van Vunakis), Academic press, New York, 73: 47 166

( 981).

Θ287 Examples of enzyme-substrate combinations include, for example:

(i) Horseradish peroxidase (HRPO) with hydrogen peroxidase as a substrate,

wherein the hydrogen peroxidase oxidizes a dye precursor (e.g., orthophony lene

diamine (OPD) or 3,3',5,5'-tetramethyl benzidine hydrochloride (TMB));

(ii) alkaline phosphatase (AP) with para-Nitrophenyl phosphate as chromogenic

substrate; and

(iii) β-D-galactosidase (β-D-Gal) with a chromogenic substrate (e.g., p-

niirophenyl-p-D-galactosidase) or fluorogenic substrate (e.g., 4-methylumbelliferyl-

β-D-gaiaetosidase).

[0288] Numerous other enzyme- substrate combinations are available to those skilled in

the art. For a general review of these, see U.S. Patent Nos. 4,275,149 and 4,3 8,980.



Sometimes, the label is indirectly conjugated with the antibody. The skilled artisan will be

aware of various techniques for achieving this. For example, the antibody can be conjugated

with biotin and any of the four broad categories of labels mentioned above can be conjugated

with avidin, or vice versa. Biotin binds selectively to avidin and thus, the label can be

conjugated with the antibody in this indirect manner. Alternatively, to achieve indirect

conjugation of the label with the antibody, the antibody is conjugated with a small hapten and

one of the different types of labels mentioned above is conjugated with an anti-hapten

antibody. Thus, indirect conjugation of the label with the antibody can be achieved.

|0289] Following an optional blocking step, the sample is exposed to primary antibody

for a sufficient period of time and under suitable conditions such that the primary antibody

binds to the target protein antigen in the sample. Appropriate conditions for achieving this

can be determined by routine experimentation. The extent of binding of antibody to the

sample is determined by using any one of the detectable labels discussed above. Tn certain

embodiments, the label is an enzymatic label (e.g. HRPO) which catalyzes a chemical

alteration of the chromogenic substrate such as 3,3 '-diaminobenzidine chromogen. In one

embodiment, the enzymatic label is conjugated to antibody which binds specifically to the

primary antibody (e.g. the primary antibody is rabbit polyclonal antibody and secondary

antibody is goat anti-rabbit antibody).

| 29 ] In some embodiments, the sample may be contacted with an antibody specific for

said biomarker under conditions sufficient for an antibody-biomarker complex to form, and

then detecting said complex. The presence of the biomarker may be detected in a number of

ways, such as by Western blotting and ELISA procedures for assaying a wide variety of

tissues and samples, including plasma or serum. A wide range of immunoassay techniques

using such an assay format are available, see, e.g., .S. Pat Nos. 4,016,043, 4,424,279 and

4,018,653. These include both single-site and two-site or "sandwich" assays of the non

competitive types, as well as in the traditional competitive binding assays. These assays also

include direct binding of a labeled antibody to a target biomarker.

[0291] Sandwich assays are among the most useful and commonly used assays. A

number of variations of the sandwich assay technique exist, and ail are intended to be

encompassed by the present invention. Briefly, in a typical forward assay, an unlabeled

antibody is immobilized on a solid substrate, and the sample to be tested brought into contact

with the bound molecule. After a suitable period of incubation, for a period of time sufficient

to allow formation of an antibody-antigen complex, a second antibody specific to the antigen.



labeled with a reporter molecule capable of producing a detectable signal is then added and

incubated, allowing time sufficient for the formation of another complex of antibody -antigen-

labeled antibody. Any unreacted material is washed away, and the presence of the antigen is

determined by observation of a signal produced by the reporter molecule. The results may

either be qualitative, by simple observation of the visible signal, or may be quantitated by

comparing with a control sample containing known amounts of biomarker.

[0292] Variations on the forward assay include a simultaneous assay, in which both

sample and labeled antibody are added simultaneously to the bound antibody. These

techniques are known to those skilled in the art, including any minor variations as will be

readily apparent. n a typical forward sandwich assay, a first antibody having specificity for

the biomarker is either covalentiy or passively bound to a solid surface. The solid surface is

typically glass or a . polymer, the most commonly used polymers being cellulose,

polyacrylamide, nylon, polystyrene, polyvinyl chloride or polypropylene. The solid supports

may be in the form of tubes, beads, discs of microplates, or any other surface suitable for

conducting an immunoassay. The binding processes are well-known in the art and generally

consist of cross-linking covalentiy binding or physically adsorbing, the polymer-antibody

complex is washed in preparation for the test sample. An aliquot of the sample to be tested is

then added to the solid phase complex and incubated for a period of time sufficient (e.g. 2-40

minutes or overnight if more convenient) and under suitable conditions (e.g. from room

temperature to 40°C such as between 25° C and 32 C inclusive) to allow binding of any

subunit present in the antibody. Following the incubation period, the antibody subunit solid

phase is washed and dried and incubated with a second antibody specific for a portion of the

biomarker. The second antibody is linked to a reporter molecule which is used to indicate the

binding of the second antibody to the molecular marker.

[0293] An alternative method involves immobilizing the target biomarkers in the sample

and then exposing the immobilized target to specific antibody which may or may not be

labeled with a reporter molecule. Depending on the amount of target and the strength of the

reporter molecule signal, a bound target may be detectable by direct labelling with the

antibody. Alternatively, a second labeled antibody, specific to the first antibody is exposed

to the target-first antibody complex to form a target-first antibody-second antibody tertiary

complex. The complex is detected by the signal emitted by the reporter molecule. By

"reporter molecule", as used in the present specification, is meant a molecule which, by its

chemical nature, provides an analytically identifiable signal which allows the detection of



antigen-bound antibody. The most commonly used reporter molecules in this type of assay

are either enzymes, fiuorophores or radionuclide containing molecules (i.e. radioisotopes)

and chemiluminescent molecules.

[0294] In the case of an enzyme immunoassay, an enzyme is conj ugated to the second

antibody, generally by means of glutaraldehyde or periodate. As will be readily recognized,

however, a wide variety of different conjugation techniques exist, which are readily available

to the skilled artisan. Commonly used enzymes include horseradish peroxidase, glucose

oxidase, -galactosidase and alkaline phosphatase, amongst others. The substrates to be used

with the specific enzymes are generally chosen for the production, upon hydrolysis by the

corresponding enzyme, of a detectable color change. Examples of suitable enzymes include

alkaline phosphatase and peroxidase. It is also possible to employ fiuorogenic substrates

which yield a fluorescent product rather than the chromogenic substrates noted above. In all

cases, the enzyme-labeled antibody is added to the first antibody-molecular marker complex,

allowed to bind, and then the excess reagent is washed away. A solution containing the

appropriate substrate is then added to the complex of antibody-antigen-antibody. The

substrate will react with the enzyme linked to the second antibody, giving a qualitative visual

signal, which may be further quantitated, usually spectrophotometricaily, to give an

indication of the amount of biomarker which was present in the sample. Alternately,

fluorescent compounds, such as fluorescein and rhodamine, may be chemically coupled to

antibodies without altering their binding capacity. When activated by illumination with light

of a . particular wavelength, the fiuoroehrome-labeied antibody adsorbs the light energy,

inducing a state to excitability in the molecule, followed by emission of the light at a

characteristic color visually detectable with a light microscope. As in the EIA, the

fluorescent labeled antibody is allowed to bind to the first antibody-molecular marker

complex. After washing off the unbound reagent, the remaining tertiary complex is then

exposed to the light of the appropriate wavelength, the fluorescence observed indicates the

presence of the molecular marker of interest. Immunofluorescence and EIA techniques are

both very well established in the art. However, other reporter molecules, such as

radioisotope, chemiluminescent or bioluminescent molecules, may also be employed.

[0295] Methods of the invention further include protocols which examine the presence

and/or expression of mRNAs of the at least 1, 2, 3, 4, 5, 6, 7 or more of CSF1, MEIS2,

LGALS12, IDOl, THBS4, OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7,

SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1, S PD3, CCR3, CLC, CYP4FI2, and



ABTB2 and combinations thereof in a sample. Methods for the evaluation of mRNAs in cells

are known and include, for example, hybridization assays using complementary DMA probes

(such as in situ hybridization using labeled riboprobes specific for the one or more genes.

Northern blot and related techniques) and various nucleic acid amplification assays (such as RT-

PGR using complementary primers specific for one or more of the genes, and other amplification

type detection methods, such as, for example, branched DNA, SISBA, TMA and the like).

[0296] Tissue or other samples from mammals can be conveniently assayed for mR As

using Northern, dot blot or PGR analysis. For example, RT-PC assays such as quantitative

PGR (qPCR) assays are known in the art. In some embodiments, the qPCR is performed on a

Roche Cobas® system. n an illustrative embodiment of the invention, a method for

detecting a target mRNA in a biological sample comprises producing cDNA from the sample

by reverse transcription using at least one primer; amplifying the cDNA so produced using a

target polynucleotide as sense and antisense primers to amplify target cDN s therein. In

addition, such methods can include one or more steps that allow one to determine the levels

of target mRNA in a biological sample {e.g., by simultaneously examining the levels of a

comparative control mRNA sequence of a "housekeeping" gene such as an actin family

member or GAPDH). Optionally, the sequence of the amplified target cDN A can be

determined.

[Θ297] Optional methods of the invention include protocols which examine or detect

mRNAs, such as target mRNAs, in a tissue or cell sample by microarray technologies. Using

nucleic acid microarrays, test and control mRNA samples from test and control tissue

samples are reverse transcribed and labeled to generate cDN probes. The probes are then

hybridized to an array of nucleic acids immobilized on a solid support. The array is

configured such that the sequence and position of each member of the array is known. For

example, a selection of genes whose expression correlate with increased or reduced clinical

benefit of anti-angiogenic therapy may be arrayed on a solid support. Hybridization of a

labeled probe with a particular array member indicates that the sample from which the probe

was derived expresses that gene. Differential gene expression analysis of disease tissue can

provide valuable information. Microarray technology utilizes nucleic acid hybridization

techniques and computing technology to evaluate the mRNA expression profile of thousands

of genes within a single experiment (see, e.g., WO 0 /75 66 published October 11, 2001;

{see, for example, U.S. 5,700,637, U.S. Patent 5,445,934, and U.S. Patent 5,807,522, Lockart,

Nature Biotechnology, 14:1675-1680 (1996); Cheung, V.G. etal, Nature Genetics



(S pp ) : - 9 (1999) for a discussion of array fabrication) DNA raicroarrays are

miniature arrays containing gene fragments that are either synthesized directly onto or

spotted onto glass or other substrates. Thousands of genes are usually represented in a single

array. A typical microarray experiment involves the following steps: 1) preparation of

fiuorescentiy labeled target from R A isolated from the sample, 2) hybridization of the

labeled target to the microarray, 3) washing, staining and scanning of the array, 4) analysis

of the scanned image and 5) generation of gene expression profiles. Currently two main

types of DNA microarrays are being used: oligonucleotide (usually 25 to 70 mers) arrays and

gene expression arrays containing PGR products prepared from cDNAs. n forming an array,

oligonucleotides can be either prefabricated and spotted to t e surface or directly synthesized

on to the surface (in situ).

[0298] The Affyraetrix GeneChip® system is a commercially available microarray

system which comprises arrays fabricated by direct synthesis of oligonucleotides on a glass

surface. Probe/Gene Arrays: Oligonucleotides, usually 25 mers, are directly synthesized

onto a glass wafer by a combination of semiconductor-based photolithography and solid

phase chemical synthesis technologies. Each array contains up to 400.000 different oligos

and each oligo is present in millions of copies. Since oligonucleotide probes are synthesized

in known locations on the array, the hybridization patterns and signal intensities can be

interpreted in terms of gene identity and relative expression levels by the Affymetrix

Microarray Suite software. Each gene is represented on the array by a series of different

oligonucleotide probes. Each probe pair consists of a perfect match oligonucleotide and a

mismatch oligonucleotide. The perfect match probe has a sequence exactly complimentary to

the particular gene and thus measures the expression of the gene. The mismatch probe differs

from the perfect match probe by a single base substitution at the center base position,

disturbing the binding of the target gene transcript. This helps to determine the background

and nonspecific hybridization that contributes to the signal measured for the perfect match

oligo. The Microarray Suite software subtracts the hybridization intensities of the mismatch

probes from those of the perfect match probes to determine the absolute or specific intensity

value for each probe set. Probes are chosen based on current information from Genbank and

other nucleotide repositories. The sequences are believed to recognize unique regions of the

3' end of the gene. A GeneChip Hybridization Oven ("rotisserie" oven) is used to carry out

the hybridization of up to 64 arrays at one time. The fluidics station performs washing and

staining of the probe arrays. It is completely automated and contains four modules, with each



module holding one probe array. Each module Is controlled independently through

Microarray Suite software using preprogrammed fluidics protocols. The scanner is a confocal

laser fluorescence scanner which measures fluorescence Intensity emitted by the labeled

c NA bound to the probe arrays. The computer workstation with Microarray Suite software

controls the fluidics station and the scanner. Microarray Suite software can control up to

eight fluidics stations using preprogrammed hybridization wash and stain protocols for the

probe array. The software also acquires and converts hybridization intensity data into a

presence/absence call for each gene using appropriate algorithms. Finally, the software

detects changes in gene expression between experiments by comparison analysis and formats

the output into tx t files, which can be used with other software programs for further data

analysis.

[0299] Expression of a selected gene or biomarker in a tissue or ceil sample may also be

examined by way of functional or activity-based assays. For Ins tance, if the biomarker is an

enzyme, one may conduct assays known in the art to determine or detect the presence of the

given enzymatic activity in the tissue or cell sample.

[0300] The eosinophilic Inflammation status (e.g., E P or FIN) of a patient based on the

test results may be provided in a report. The report may be in any form of written materials

(e.g., in paper or digital form, or on internet) or oral presentation(s) (e.g., either in person

(live) or as recorded). The report may further indicates to a health professional (e.g., a

physician) that the patient may benefit from or is likely to respond to an interferon inhibitor

treatment.

[0301] The kits of the invention have a number of embodiments. In certain

embodiments, a kit comprises a container, a label on said container, and a composition

contained within said container; wherein the composition includes one or more primary

antibodies that bind to one or more target polypeptide sequences corresponding to one or

more biomarkers, the label on the container indicating that the composition can be used to

evaluate the presence of one or more target proteins in at least one type of mammalian cell,

and instructions for using the antibodies for evaluating the presence of one or more target

proteins in at least one type of mammalian cell. The kit can further comprise a set of

instructions and materials for preparing a tissue sample and applying antibody and probe to

the same section of a tissue sample. The kit may include both a primary and secondary

antibody, wherein the secondary antibody is conjugated to a label, e.g., an enzymatic label.



[0302] The term "detecting" encompasses quantitative or qualitative detection. In certain

embodiments, a biologicai sample comprises a cell or tissue, such as semm, plasma, nasal swabs

and sputum.

Pharmaceutical F r rr lati s

|0303] Pharmaceutical formulations of an anti- L- 3 antibody or other TH2 pathway

inhibitors as described herein are prepared by mixing such antibody or molecule having the

desired degree of purity with one or more optional pharmaceutically acceptable carriers

(Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of

lyophiiized formulations or aqueous solutions. Pharmaceutically acceptable earners are

generally nontoxic to recipients at the dosages and concentrations employed, and include, but are

not limited to: buffers such as phosphate, citrate, and other organic acids; antioxidants including

ascorbic acid and methionine; preservatives (such as octadecyldimefhylbenzyl ammonium

chloride; hexamethonium chloride; benzalkonium chloride; benzethonium chloride; phenol,

butyl or benzyl alcohol; a ky parabens such as methyl or propyl paraben; catechol; resorcinol;

cyclohexanol: 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)

polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic

polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,

histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including

glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, manni o ,

trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-protein

complexes); and/or non-ionic surfactants such as polyethylene glycol (PEG). Exemplary

pharmaceutically acceptable carriers herein further include insterstitial drag dispersion agents

such as soluble neutral-active hyaluronidase glycoproteins (sHASEGP), for example, human

soluble PH-20 hyaluronidase glycoproteins, such as r uP 20 (HYLENEX®, Baxter

International, Inc.). Certain exemplary sHASEGPs and methods of use, including rHuPH20, are

described in US Patent Publication Nos. 2005/0260186 and 2006/0104968. In one aspect, a

sHASEGP is combined with one or more additional glycosaminoglycanases such as

chondroitinases.

|0304] Exemplary lyophiiized antibody formulations are described in US Patent No.

6,2.67,958. Aqueous antibody formulations include those described in US Patent No. 6,171 ,586

and WO2006/044908, the latter formulations including a histidine-acetate buffer.

|0305] The formulation herein may also contain more than one active ingredients as

necessary for the particular indication being treated, preferably those with complementary



activities that do not adversely affect each other. For example, it may be desirable to further

provide a . controller with the TH2 pathway inhibitor. Such active ingredients are suitably present

in combination in amounts that are effective for the purpose intended.

[0306] Acti ve ingredients may be entrapped in microcapsules prepared, for example, by

coacervation techniques or by interfacial polymerization, for example, liydroxymethylceliulose

or gelatin-microcapsules a d poly-(methylmethacylate) microcapsules, respectively, in colloidal

drug delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-

particles and nanocapsules) or i macroenmlsions. Such techniques are disclosed i Remington's

Pharmaceutical Sciences 16th edition, Osol, A. Ed. ( 80).

[0307] Sustained-release preparations may be prepared. Suitable examples of sustained-

release preparations include semipermeable matrices of solid hydrophobic polymers containing

the antibody, which matrices are in the form of shaped articles, e.g. films, or microcapsules.

[0308] The formulations to be used for in vivo administration are generally sterile. Sterility

may be readily accomplished, e.g., by filtration through sterile filtration membranes.

[0309] Eosinophilic inflammation is associated with a variety of illnesses, both allergic and

non-allergic (Gonlugur (2006) Immunol. Invest. 35(l):29-45). Inflammation is a restorative

response of living tissues to injury. A characteristic of inflammatory reactions is the

accumulation of leukocytes in injured tissue due to certain chemicals produced in the tissue

itself Eosinophil leukocytes accumulate in a wide variety of condi tions such as allergic

disorders, helminthic infections, and neoplastic diseases (Kudlacz et al., (2002) Inflammation 26:

111- 19). Eosinophil leukocytes, a component of the immune system, are defensive elements of

mucosal surfaces. They respond not only to antigens but to parasites, chemicals, and trauma.

[0310} Tissue eosinophilia occurs in skin diseases such as eczema, pemphigus, acute

urticaria, and toxic epidermal necrolysis as well as in atopic dermatitis (Rzany et al., Br. J.

Dermatol. 135: 6-1 1 (1996)). Eosinophils accumulate in the tissue and empty granule proteins in

IgE-mediated allergic skin reactions (Nielsen et al, Ann. Allergy Asthma Immunol, 85: 489-494

(2001)). Eosinophils combined with mast ce ls are likely to cause joint inflammation (Miossec, J .

Clin. Rheumatol 3: 81-83 ( 1997)). Eosinophilic inflammation sometimes accompanies joint

trauma, Synovial fluid eosinophilia can be associated with diseases such as rheumatoid arthritis,

parasitic disease, hypereosinophilic syndrome, Lyme disease, and allergic processes, as well as

hemarthrosis and arthrography (Atanes et al., Scand. J . Rheumatol, 25: 183-185 (1996)).

Eosinophilic inflammation can affect bones as well (Yetiser et al, Int. J. Pediatr.



Otorhmolaryngol, 62: 169-173 (2002)). Examples of eosinophilic muscle disease include

eosinophilic perimyositis, eosinophilic polymyositis, and focai eosinophilic myositis (Lakhanpal

et al., Semin. Arthritis Rheum., 17: 33 -23 (1988)). Eosinophilic inflammations affecting

skeletal muscles may be associated with parasite infections or drags or features of some systemic

disorders of hypereosinophilia (e.g., idiopathic hypereosmophiiic syndrome and eosinophilia-

myalgia syndrome. Eosinophils participate in the inflammatory response to epitopes recognized

by autoimmune antibodies (Engineer et al., Cytokine, 13: 32-38 (2001)). Connective tissue

diseases may lead to neutrophilic, eosinophilic, or lymphocytic vascular inflammations (Chen et

a , j . Am. Acad. Dermatol., 35: 173-182 (1996)). Tissue and peripheral blood eosinophiha can

occur in active rheumatismal diseases. Elevation of serum ECP levels in ankylosing spondylitis,

a kind of connective tissue disease, suggests that eosinophils are also involved in the underlying

process (Feltelius et al, Ann. Rheum. Dis., 46: 403-407 (1987)). Wegener's granulomatosis can

rarely present with pulmonary nodules, pleural effusion, and peripheral blood eosinophilia

(Krupsky et al., Chest, 104: 1290-1292 (1993)).

[0311] Peripheral blood eosinophilia of at least 400/mm3 can occur in 7% of cases of

systemic sclerosis, 3 % of cases of localized scleroderma, and 61% of cases of eosinophilic

fasciitis (Falanga, et al., J. Am. Acad. Dermatol., 17: 648-656 (1987)). Scleroderma yields an

inflammatory process closely resembling Meissner's and Auerbach's plexuses and consists of

mast cells and eosinophil leukocytes in the gastrointestinal system. Eosinophil -derived

neurotoxins can contribute to gastrointestinal motor dysfunction, as occurs in scleroderma

et al. Arch. Pathol. Lab Med,, 3: 394-398 (1989)).

[0312] Eosinophils can accompany localized (Varga, et al., Curr. Opin. Rheumatol., 9 : 562-

570 (1997)) or systemic (Bouros et al„ Am. J . Respir. Grit Care Med., 165: 1581-1586 (2002))

connective tissue proliferation. They can incite fibrosis by inhibiting proteoglycan degradation in

fibroblasts (Heranas et al, Eur J. Cell Biol, 59: 352-363 (1992)), and fibroblasts mediate

eosinophil survival by secreting GM-CSF (Vancheri et al., Am. j . Respir. Cell Mo Biol, :

289-214 (1989)). Eosinophils can be found in nasal (Bacherct et al., J. allergy Clin. Immunol,

107: 607-614 (2001)), bronchial (Arguelles, et al, Arch. Intern. Med., 143: 570-571 (1983)), and

gastrointestinal polyp tissues (Assarian, et al., Hum. Pathol, 6 : 3 -312 (1985)). Likewise,

eosinophils can be localized in inflammatory pseudotumors (myofibroblastic tumor). Eosinophils

often accompany inflammatory pseudotumors in the orbital region, in which case the condition

can mimic angioedema or allergic rhinoconjunctivitis (Li et al, Ann. Allergy, 69: 101-105

(1992)).



[0313] Eosinophilic inflammation can be found in tissue trauma (e.g., as a result of surgery

o injury). Eosinophilic inflammation can also be associated with cardiovascular illnesses (e.g.,

eosinophilic myocarditis, eosinophilic coronary arteritis, ischemic heart disease, acute

myocardial infarction, cardiac rupture). Necrotic inflammatory processes can also involve

eosinophililic inflammation (polymyositis, coronary artery dissection, necrotizing lesions of

neuro-Behcet's disease, dementia, cerebral infarction).

[0314] Among noninvasive biomarkers of the Th2-driveii/eosinophilic asthma

subphenotype are serum periostin, fractional exhaled nitric oxide (FeNO), and peripheral blood

eosinophil count. See Arron et al. (2013) Adv Pharmacol 66: -49. Of these markers, serum periostin

has been advanced as a predictive diagnostic for lebrikizumab because it was the best single

predictor of airway eosinophil status (as determined by a composite of sputum and tissue

eosinophilia) in the BOBCAT observation study of severe asthma (Jia et al. (201 2) J Allergy Clin

Immunol 130: 647-654 elO), it exhibited substantially less intra-patient variability than FeNO or

blood eosinophils across two pre-dose visits in the MILLY study (Con-en et al. (201 ) N Engl J Med

365 : 1088-98), and can be available on a standardized, broadly available assay platform that

requires neither a specialized point-of-care instrument (such as FeNO), nor is dependent on

automated cell counters that are not broadly standardized across existing clinical laboratories

(such as blood eosinophils). While serum periostin appears to be a robust and consistent

biomarker for the Th2/eosinophilic subtype of adult asthma, whether it can be applied to

pediatric asthma was unknown.

[0315] In the MILLY study, adults with poorly controlled asthma despite ICS who had

serum periostin levels above 50 ng ml at baseline exhibited a mean 14.4% reduction in serum

periostin after 12 weeks of lebrikizumab treatment (p=0.001), while patients with baseline serum

periostin levels below 50 ng/ml exhibited a non-significant 2.9% reduction in serum periostin

during the treatment period (p=0.3). See Scheerens et al. (2012) Am J Respir Crit Care Med 85:

A3960. The distribution of serum periostin levels in asthma patients after 12 weeks of

lebrikizumab treatment overlapped with the distribution of serum periostin levels in healthy

control adults (Arron et al, Annals Am. Thoracic So , in press (2013), , DOI:

10.1513/AnnalsATS.201303-047AW). These results suggest that, in adult asthmatic patients

with high serum periostin, the excess periostin above background levels is due to the activity of

IL13 in the airways, and this excess constitutes about 10-15% of total systemic periostin.

|0316] Periostin was initially identified as a product of osteoblasts, the cells that lay down

bone matrix. See Horiuchi et al. (1999) J Bone Miner Res 14: 1239-49. Anatomically,



periostin expression in bone is localized to sites of endochondral and intramembranous

ossification during development, suggesting that periostin expression levels may be correlated

with the rate of bone growth. In juvenile mice, systemic periostin levels and markers of bone

turnover are elevated, decreasing as animals mature and attaining relatively stable levels from the

age of 8 weeks throughout adulthood. See Contie et a . (2010) Caleif Tissue h t 87: 341-5. In

humans, while asthma in the pediatric population is more commonly associated with atopy and

type 2 inflammation than in adults, there remains evidence for eosinophilic and non-eosinophilic

airway inflammatory subsets in asthmatic children. See Baraldo et al. (201 ) Eur Respir J 38:

575-83. Hence biomarkers that identify asthmatic children with increased Th2/eosinophilic

airway inflammation may be useful to enable patient selection to demonstrate clinical benefit

from anti-IL13 and other therapeutics targeting type 2 inflammation.

|0317] The present inventors have found that systemic periostin levels are elevated in

pediatric subjects younger than 8 years old but exhibit no age dependence in asthma patients

older than the age of 18. To identify biomarkers related to eosinophilic airway inflammation but

unlikely to be confounded by bone growth, genome-wide expression analyses of a large cohort

of moderate-severe asthmatics to identify transcripts correlated with peripheral blood eosinophil

counts were conducted. A subset of those transcripts as biomarkers predictive of enhanced

clinical benefit from lebrikizumab in the MILLY study were then validated. It was subsequently

verified that a . subset of peripheral blood transcripts predictive of enhanced clinical benefit from

lebrikizumab in adult asthma patients exhibit similar correlations to blood eosinophil percentage

and minimal age dependence in adult and pediatric asthma patients.

[0318] Provided herein are methods of identifying Eosinophilic Inflammation Positive (EXP)

patients predictive for a response to treatment with a TH2 pathway inhibitor (or that wi be

responsive to) by measuring levels of at least one eosinophilic inflammation marker in a

biological sample from a patient, wherein one or more of the markers is selected from CSF1,

MEIS2, LGALS12, IDOl, THBS4, OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2,

HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC,

CYP4F12, and ABTB2 in a sample from the patient.

|0319] Also provided herein are methods of treating asthma, an Eosinophilic Disorder, an

IL-13 mediated Disorder, an IL4 mediated Disorder, a IL9 mediated Disorder, an L 5 mediated

Disorder, an IL33 mediated Disorder, an IL25 mediated Disorder, an TSLP mediated Disorder,

an IgE-mediated Disorder or Asthma-Like Symptoms comprising administering a TH2 pathway



inhibitor to an Eosinophilic Inflammation Positive Patient, wherein the patient was diagnosed as

being E P using an E D Assay.

[0320] In certain embodiments, methods of treating asthma, an Eosinophilic Disorder, an

L- 3 mediated Disorder, L-4 mediated Disorder or an IgE-mediaied Disorder comprising

administering lebrikizumab to a Eosinophilic Inflammation Positive Patient are provided

[0321] In certain embodiments, methods of treating asthma, a Eosinophilic Disorder, an

IL-13 mediated Disorder, IL-4 mediated Disorder or an IgE-mediaied Disorder comprising

administering a 125-500mg flat dose of lebrikizumab every 4 weeks to the patient suffering from

the disorder are provided.

[0322] Also provided are methods of treating asthma (or Respiratory Disease ) comprising

administering a therapeutically effective amount of Lebrikizumab to the asthma patient, wherein

the treatment results in a relative change in FEV of greater than 5%. In another embodiment,

the is greater than 6%, 7%, 8%, 9% or % FEVi. In another embodiment, the patient has

been diagnosed as EIP using a an EID Assay.

[0323] In certain embodiments, methods of treating asthma (or Respiratory Disease)

comprising administering a therapeutically effective amount of Lebrikizumab to the asthma

patient, wherein the treatment results in a reduction in exacerbation rate of greater than 3 %.

(other embodiments greater than 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%,

47%, 48%, 49%, 50%, %, up to 85%; another embodiment, wherein the patient as been

diagnosed as EIP) are provided

[0324] In certain embodiments, methods of treating asthma (or Respiratory Disease)

comprising administering a therapeutically effective amount of Lebrikizumab to the asthma

patient, wherein the treatment results in a reduction in nocturnal awakenings are provided. In

one embodiment, the patient is diagnosed using an EID Assay. In another embodiment, the

asthma of the patient is uncontrolled on a corticosteroid. I another embodiment, the patient is

diagnosed with EIP.

[0325] Also provided are methods of treating asthma (or Respiratory Disease) comprising

administering a therapeutically effective amount of Lebrikizumab to the asthma patient, wherein

the treatment results in an improvement in asthma control. In one embodiment, the patient is

diagnosed using an EID Assay. In another embodiment, the asthma is uncontrolled on a

corticosteroid treatment. n another embodiment, the patient is diagnosed with EIP

[0326] Methods of treating Asthma (or Respiratory Disease) comprising administering a

therapeutically effective amount of Lebrikizuma b to the asthma patient, wherein the treatment



resul ts n a reduction of inflammation in the lungs are provided. In one embodiment, the patient

is diagnosed using an EID Assay In another embodiment, the asthma is uncontrollable on a

corticosteroid treatment. In another embodiment, the patient is diagnosed with EIP

[0327] In certain embodiments, methods of treating an Eosinophilic Disorder in a patient

suffering from the Eosinophilic Disorder and being treated with a corticosteroid comprising

administering a therapeutically effective amount of Lebrikizumab to the asthma patient, wherein

the treatment results in a reduction or elimination of corticosteroid treatment (amount or

frequency) used to treat the disease are provided. In one embodiment, the patient is diagnosed

using an EID Assay. In another embodiment, the patient's asthma is uncontrollable on a

corticosteroid. In another embodiment, the patient is diagnosed with EIP prior to the treatment.

[0328] Also provided are methods of treating of a patient suffering from asthma (or

Respiratory Disease) comprising diagnosing the patient as EIP using an EID Assay,

administering a therapeutically effective amount of Ή 2 pathway inhibitor to the asthma patient,

diagnosing the patients EIP status, and retreating the patient with the TH2 pathway inhibitor if

the status is EIP. The diagnosis may be made using an EID Assay alone or in combination with

FENO . In some embodiments, the patient to be treated has a E level greater than 2

ppb. In some embodiments, the patient to be treated has F level greater than 35 ppb.

[0329] In some embodiments, methods of identifying patients that are Eosinophilic

Inflammation Negative (EIN) using an EID Assay and determing that the patient is EIN are

provided. In some embodiments, the method comprises measuring levels of at least one

eosinophilic inflammation marker in a biological sample from a patient, wherein at least one,

at least two, or at least three of the markers are selected from CSF1, MEIS2, LGALS12,

DO , THBS4, OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2,

CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2. In

some embodiments, at least one, at least two, or at least three of the markers are selected from

CSF1, MEIS2, CCL23, HSD3B7, SORD, CACNG6, MGAT3, SLC47A1, and ABTB2. In

some embodiments, at least one, at least two, or at least three of the markers are selected

from MEIS2, LGALS12, IDOl, ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7,

CACNG6. and GPR44. n some embodiments, at least one, at least two, or at least three of

the markers are selected from CCL23, IDOl, HSD3B7, and CACNG6. In some

embodiments, at least one. at least two, or three of the markers are selected from CCL23,

IDOL and CACNG6. In some embodiments, at least one, at least two, or three of the

markers are selected from HSD3B7, STGLEC8, and GPR44. In some embodiments, at least



one, at least two, at least three, or four of the markers are selected from SIGLEC8, CCL23,

CACNG6, and GPR44.

[0330] Any of the TH2 pathway inhibitors provided herein may be used in therapeutic

methods described herein, especially asthma. In one embodiment, the asthma patient is being

treated with a corticosteroid, and has been diagnosed as responsive a TH2 pathway inhibitor

using an EID Assay described herein. In a further embodiment, the asthma patient is suffering

from moderate to severe asthma. In another embodiment, the patient is suffering from mild

asthma but is not being treated with a corticosteroid.

3 ] An antibody of the invention (and any additional therapeutic agent) can be

administered by any suitable means, including parenteral, intrapulmonary, and intranasal, and, if

desired for local treatment, intralesional administration. Parenteral infusions include

intramuscular, intravenous, intraarterial, intraperitoneal, or subcutaneous administration. Dosing

can be by any suitable route, e.g. by injections, such as intravenous or subcutaneous injections,

depending in part on whether the administration is brie r chronic. Various dosing schedules

including but not limited to single or multiple administrations over various time-points, bolus

administration, and pulse infusion are contemplated herein.

[0332] Antibodies of the invention would be formulated, dosed, and administered in a

fashion consistent with good medical practice. Factors for consideration in this context include

the particular disorder being treated, the particular mammal being treated, the clinical condition

of the individual patient, the cause of the disorder, the site of deliver}' of the agent, the method of

adminis tration, the scheduling of administration, and other fac tors known to medical

practitioners. The antibody need not be, but is optionally formulated with one or more agents

currently used to prevent or treat the disorder in question. The effective amount of such other

agents depends on the amount of antibody present in the formulation, the type of disorder or

treatment, and other factors discussed above. These are generally used in the same dosages and

with administration routes as described herein, or about from 1 to 99% of the dosages described

herein, or in any dosage and by any route that is empirically/clinically determined to be

appropriate.

[0333] For the prevention or treatment of disease, the appropriate dosage of an antibody of

the invention (when used alone or in combination with one or more other additional therapeutic

agents) will depend on the type of disease to be treated, the type of antibody, the severi ty and

course of the disease, whether the antibody is administered for preventive or therapeutic

purposes, previous therapy, the patient's clinical history and response to the antibody, and the



discretion of the attending physician. The antibody is suitably administered to the patient at one

time or over a series of treatments. Depending on the type and severity of the disease, about 1

ig g to 5 mg kg (e.g. 0. mg/kg- Omg/kg) of antibody can be an initial candidate dosage for

administration to the patient, whether, for example, by one or more separate administrations, or

by continuous infusion. One typical daily dosage might range from about 1 g kg to 100 mg kg

or more, depending on the factors mentioned above. For repeated administrations over several

days or longer, depending on the condition, the treatment would generally be sustained unti a

desired suppression of disease symptoms occurs. One exemplary dosage of the antibody would

be in the range from about 0.05 mg/kg to about 10 mg/kg. Thus, one or more doses of about 0.5

mg kg, 2.0 mg/kg, 4 0 mg/kg or 10 mg/kg (or any combination thereof) may be administered to

the patient. Such doses may be administered intermittently, e.g. every week or every three weeks

(e.g. such that the patient receives from about two to about twenty, or e.g. about six doses of the

antibody). Howe ver, other dosage regimens may be useful. The progress of this therapy is

easily monitored by conventional techniques and assays.

[0334] In certain embodiments, an antibody of the invention is administered as a flat dose

(i.e., not weight dependent) of 37.5 mg, or a flat dose of 125 mg, or a flat dose of 250 mg. In

certain embodiments, the dose is administered by subcutaneous injection once even' 4 weeks for

a period of time. In certain embodiments, the period of time is 6 months, one year, two years,

five years, ten years, 5 years, 20 years, or the lifetime of the patient. In certain embodiments,

the astiima is severe asthma and the patient is inadequately controlled or uncontrolled on inhaled

corticosteroids plus a second controller medication. In another embodiment, the patient is

diagnosed with EIP status using an E1D Assay to determine EIP status and the patient is selected

for treatment with an anti-IL13 antibody as described above. In another embodiment, the

method comprises treating an asthma patient with an anti-IL13 antibody as described above

where the patient was previously diagnosed w h EIP status using an EID Assay to determine

EIP status. In one embodiment, the asthma patient is age or older. In one embodiment, the

asthma patient is age 2 to 7 and the anti- L is administered in as a flat dose of 250 mg or a

flat dose of 125 mg. In one embodiment, the asthma patient is age 6 to and the anti-ILl 3

antibody is administered in as a flat dose of 125 mg.

[0335] It is understood that any of the above formulations or therapeutic methods may be

earned out using an immunoconjugate of the invention in place of or in addition to an anti-target

antibody.

Articles of Manufacture



[0336] In another aspect of the invention, an article of manufacture containing materials

useful for the treatment, prevention and/or diagnosis of the disorders described above is

provided. The article of manufacture comprises a container and a label or package insert on or

associated with the container. Suitable containers include, for example, bottles, vials, syringes,

IV solution bags, etc. The containers may be formed from a variety of materials such as glass or

plastic. The container holds a composition which is by itself or combined with another

composition effective for treating, preventing and/or diagnosing the condition and may have a

sterile access port (for example the container may be an intravenous solution bag or a vial having

a stopper pierceable by a hypodermic injection needle). At least one active agent in the

composition is an antibody of the invention. The labe or package insert indicates that the

composition is used for treating the condition of choice. Moreover, the article of manufacture

may comprise (a) a first container with a composition contained therein, wherein the composition

comprises an antibody of the invention; and (b) a second container with a composition con tained

therein, wherein the composition comprises a further cytotoxic or otherwise therapeutic agent.

The article of manufacture in this embodiment of the invention may further comprise a package

insert indicating that the compositions can be used to treat a particular condition. Alternatively,

or additionally, the article of manufacture may further comprise a second (or third) container

comprising a phannaceuticaily-acceptable buffer, such as bacteriostatic water for injection

(BWFI), phosphate-buffered saline, Ringer's solution and dextrose solution. It may further

include other materials desirable from a commercial and user standpoint, including other buffers,

diluents, filters, needles, and syri nges

[0337] It is understood that any of the above articles of manufacture may include an

imrmmoconjugate in place of or in addition to an anti-target antibody.

EXAMPLES

EXAMPLE 1 - Methods

[0338] Blood was collected in PAXgene RNA tubes (PreAnalytiX); total RNA was

extracted using commercially available kits according to manufacturer instnictions (Qiagen).

[0339] Expression of candidate biomarker genes in blood samples from the EXTRA

study was assessed by Human Genome T 33 Plus 2.0 arrays (Affymeirix Inc., Santa Clara,

CA). The EXTRA study is described, e.g., in Hanania, et al, Am. J . RCCM, 187: 804 -8

(2013); and Hanania et al., Ann Intern Med., 154: 573-582 (20 ) . Microarray

hybridization was performed by Asuragen Inc. (Austin, TX). Raw CEL file data was



summarized and normalized using Robust Multi-array Averaging (RMA) and analyzed using

and Bioconductor.

[0340] Expression of candidate biomarker genes in MILLY, BOBCAT, and GALA II

blood samples was quantified by Fluidigm qPCR assays.

qPCR assay selection

[0341] Gene expression was measured by qPCR with specific primers and probes. The

selected assays with FAM reporters were purchased fro Applied Biosystems Inc (ABI)

TaqMan® Gene Expression Assays with the following two guidelines:

1. The primers should span at least two different exons if possible to prevent any PGR

amplification from any possible residual genomic DMA;

2. The assay has been verified for the robustness and recommended by the company.

[0342] The assays ID and ABI supplied context sequences of the genes included are

listed in Table 2.

Table 2 : Potential biomarker gene assays



26 LR C 7 Hs00180581_tnl CAAGTTCAGCCTAGGG ACTCCACGT 48

27 MEIS2 Hs00542638 m l AAATCTCGCTGACCATAACCCTTCT 49
28 MGAT3 Hs02379589_sl CCGTGTGGGAGACCGGCCTGCCAGG 0

29 ΜΎΒ Hs00920554 m l AAGACCCCGGCACAGCATATATAGC
30 OL G Hs00744293 si CCCGCACCTGGTCCCGGCCAGCCTG
3 OL1G2 Hs00377820 ....m l TCAAATCGCATCCAGATTTTCGGGT 53

32 P2RY Hs0096!463_ml AAAAATCTTAAAAGGCCTCTGCCTT 54

33 PMP22 Hs00165556__ml CATCACCAAACGAATGGCTGCAGTC
34 PRSS33 Hs00960785__.g l CTTCCCCAGGAGGGCACTGCCAGCT 6

35 PYROXD2 Hs0i550625_ml GGGGCTCATCCTGGAGGAGGTGTGA 57

36 RNASE2 Hs03047029 ..s CAGTGGAAGCCAGGTGCCTTTAATC
37 SIGLEC8 Hs00274289_ml TGAGGGCACAGGCACCTCAAGACCT 59

38 SLC 6 4 Hs00541300 .. ml ACCACCTTTTGCAGGGTGGATCTAT 60

3 SLC29A1 Hs01085706_ml CAGCCTCAGGACAGATACAAAGCTG 6

40 SLC47A1 Hs00217320 GCTGGCCCCGCGTTCTTGGTTCAGC 62

SMPD3 Hs00920354 CAACCTGCAGAAGGTCCTGGAGAGT 63

42 SORD Hs00973148___ml TCAAGTAGTGGTGACTGATCTGTCT 64

43 SP S3 Hs00699394_mi GGCAGCCTGTCACAGGGACCCCAGA 65

44 THBS4 HsOOl 70261 . m l TGACATGTXJIXJTGTGGAGTCGGT TG 66

45 UGT2.B2.8 Hs00852540_sl AGCTCTGGGAGTTGTGGAAAGGTGC 67

[0343] The assays for three housekeeping genes as gene specific endogenous control

used for PGR normalization were also selected from the ABI TaqMan® Endogenous

Controls inventor, and are shown in Table 3.

Table 3 : Endogenous control gene assays

Reverse transcription of R A

[0344] Reverse transcription (RT) of PAXgene RNA of clinical samples to single-

stranded cDNA was performed in a reaction volume of 20 µ using the High Capacity cDNA

Reverse Transcription Kit following the protocol provided by the vendor (ABI). Briefly, the

master mix with RNase inhibitor and reverse transcriptase was prepared and mixed with total

RNA at 50 ng/ µί in equal volume in a 96-w e PGR microplate. The RT reaction was

conducted on a thermocycler. The RT products were then diluted with nuclease free water to

10 ng µ and stored at -20°C.

Pre-amplification of cDNA



[0345] To achieve optimal results for ow gene expression in the Fiuidigm system,

Specific Target Amplification (STA) is recommended. Specific Target Amplification (STA)

utilizes the TaqMa ® PreAmp Master Mix and TaqMan® Gene Expression Assays, both

from Applied Biosystems (ABI). The 45 gene expression assays shown in the table above for

eosinophil-related candidate genes and 3 control expression assays for housekeeping genes

were pooled and diluted to 0.2 X with nuclease free TE buffer . The pre-arnplification was

performed in volume of 5 µ containing 12.5 ng of cDNA for the recommended 14 cycles

with pooled gene expression assays in the reaction as the source of primers only to the targets

of interest following the protocol provided in PreAmp kit. The pre-amplified DNA was

diluted by 5 fold with nuclease free TE buffer and stored at 4°C or -20°C for long term. Two

internal references, one derived from purified human eosinophils and the other purchased

from Clontech Laboratories were also included in the pre-arnplification procedure.

Fiuidigm platform PCR reaction

[0346] qPCR for gene expression was conducted with 96.96 Dynamic Array Integrated

Fluidic Circuits (IFCs) of the BioMark™ System from Fiuidigm following vendor guidelines.

Briefly, Dynamic Array IFC was primed with control line fluid on an IFC controller. The

samples and assays were prepared separately under a DNA- free environment in 5 µ each for

each sample and assay respectively. The 96 samples and 48 assays in duplicate were placed

on the Dynamic Array FC and loaded using an FC Controller. The Dynamic Array IFC was

then run on the BioMark System for real-time PCR and data collection. Each 96 sample set

applied to each IFC includes 88 clinical samples, negative controls in quadruplicate to ensure

minimal contamination, and two internal universal references, each in duplicate, for

normalization of gene expression between experiments and quality control evaluation.

Data collection and processing

[0347] The PCR results collected from BioMark system were analyzed and graphed for

ARn as the function of Ct value. The results of each gene expression over all samples were

manually assessed for optimal threshold to determine Ct values and fail / pass call based on

the curve analog and exponential phase of amplification. The gene expression level

represented by Ct value for each gene in the same IFC chip was normalized against the

normalization index in the same sample to obtain delta. Ct (dCt). The normalization index for

each sample was calculated as the geometric mean of Ct values from three selected

housekeeping genes. The delt delta Ct (ddCt) of each gene expression in each sample was

then calculated against the same gene from the universal reference derived from eosinophils



in the same experimental IFC chip. T e ddCt of each gene from the second universal

reference from different experimental IFC chips were used for quality control validation with

a pre-defined acceptable range of coefficien t of variation (CV) less than 10% for the genes

with detectable expression. The ddCts of each gene for the samples in each individual IFC

chip were then merged as a metadata set for bio-statistical analysis. Gene expression below

the detection limit was labeled as NA.

[0348] Data analysis was performed in the statistical programming language, version

2. 5. Expression data was calculated as follows:

J0349] For each individual i and gene j on each plate,

Index® = geometric mean of Ct values from three housekeeping genes

dCt(gene) Ct(ij) - Index©;

ddCt dCt(ij) dCtCRefl, j).

[0350] ddCt values from each chip were merged together. ddCt of each gene in Ref 2

was used for quality control, and the coefficient of variance was calculated to ensure less than

10% for all genes in detectable range.

[0351] Samples with no result were assumed missing at random and not imputed.

Samples or genes with more than 20% missing values were excluded from analysis.

Remaining missing data was examined relative to distributions of adjacent complete vectors

of data to determine whether to treat them as missing at random or below lirnit of detection.

For summary statistics, samples with a missing value were excluded from calculation (e.g.,

excluded from the total number of samples for a given treatment and biomarker).

0352] Distributions of data were examined visually to ensure both that genes are

normally distributed within samples and that samples are normally distributed for each gene.

Batch effects (e.g. qPCR plate) were examined and accounted for by blocking if necessary.

Genes with extreme batch effects were excluded. Combinations of gene expression predictive

variables were calculated by arithmetic mean of log-scale data..

[0353] For all variables, baseline is defined as the last assessment prior to the pre-

specified treatment administration (Day 0). Key demographics and baseline characteristics

(including stratification variables and any variables with known prognostic significance) and

efficacy outcomes were compared between biomarker and non-biomarker populations to

investigate any potential selection biases associated with the missing status of the biomarker.



[0354] Overall distribution of each biomarker at baseline was plotted and descriptive

statistics (e.g., mean, standard deviation, median and range) were used to summarize baseline

biomarker values for the patient population.

[0355] The predictive effect of the biomarker(s) measured at baseline was evaluated by

two methods. The first method was performing a . linear regression of each outcome variable

and each biomarker as follows:

AFEVj ~ treatment - expression + treaimentrexpression

and testing for significant predictive power of each biomarker by examining the statistical

significance and effect size of the interaction term. The second method was splitting the

study subjects into two groups, those above and those below median level for each biomarker

and calculating the difference in the effect of treatment between the two groups. A biomarker

was considered successful in the first method as a potential predictor of treatment benefit if

the following criteria were met:

1. There is strong evidence of biomarker-ireatment interaction (p-va e < 0.05)

2 . The magnitude of the treatment effect in the diagnostic positive population is at

least 8%

3. The direction of the effect is positive, i.e. higher gene expression is related to

improved treatment benefit

[0356] A biomarker was considered successful in the second method as a potential

predictor of treatment benefit if the following criteria were met:

1. There is strong evidence of different benefit level in the biomarker high vs.

biomarker low group (non- overlapping confidence intervals in mean estimate)

2 . The direction of the effect is positive, i.e. higher gene expression is related to

improved treatment benefit

[0357] As a secondary measure of success, performance of biomarkers will be compared

to the performance of serum periostin, fractional exhaled nitric oxide (FeNO), and peripheral

blood eosinophil count

EXAMPLE 2 - Serum periostin is elevated in pediatric patients

[0358] We measured periostin in serum samples from asthma patients ranging in age

from 6-75 years taken prior to treatment in previously conducted clinical trials. See, e.g.,

Hanatiia et ai (201 3) Am J espir Crit Care Med 187: 804-1 ; Hanatiia et ai. (20 ) A n Inieni Med 154: 573-

82; Miigrom et al. (2001) Pediatrics 108: E36; Milgrom et al. (1999) N Engl J Med 341 : 1966-73: Busse et al.

(200 ) J Allergy Clin Immunol 108: 184-90; Hoigate et a (2004) Clin Exp Allergy 34: 632-8; and Soler et al.

(2001) Eur Respir J 18: 254-61 . Periostin levels observed a relatively consistent distribution in



adult patients (Fig. ) between the ages of 8 and 75 years o with a median level of 48.9

ng/mi and a range of 22 . - 8.7 ng/ml (Table 4). n pediatric patients (age 6-17 years), serum

periostin levels were markedly elevated relative to adult patients (Fig. 1), with median levels

of 11S>.6 ng/mi in the 6-1 1 year old group and 104.3 ng/ml in the 2 7 year old group with a

wide range of levels from 41.4-352.2 ng/m observed across all pediatric patients (Table 4).

Notably, the median levels in pediatric patients exceeded the upper end of the overall range

observed in adult patients. Furthermore, the levels appeared to b e considerably more variable

in pediatric asthma patients relative to adults. These findings are consistent with observations

made in juvenile and adult mice (see Contie t al. (2010) Caicif Tissue int 87: 341-50) and suggest

that semm periostin cutoffs to select patients for anti-TLl 3 therapy derived in adults may not

be applicable to pediatric patients.

Table 4 : Range and distribution of semm periostin levels according to age in omalizumab
studies 008, 009, 0 0 , and EXTRA. Values are ng/ml

AGE: 6 AGE: 247 yrs. AGE: J8-75 y

57 659

Measi (SD) 129.0 (43.5) 100.5 (33.0)

M i 104.3 48.9

EXAMPLE 3 - Blood eosinophils and serum periostin are correlated in moderate-severe
adult but not pediatric asthmatics

[0359] While blood eosinophil counts tend to be slightly higher in pediatric asthma

patients than in adults the distributions are overlapping and, unlike serum periostin. blood

eosinophil counts observe a smooth and continuous slightly downward trend over age,

extending out until about the age of 40 where it levels off (Fig 2). I t has previously been

shown that blood eosinophil and semm periostin levels are positively con-elated in severe

asthma patients. See, e.g., Ji et al. (2012) Allergy Clin I mu ol 130: 647-654 elO. To confirm this

finding in additional larger sample sets, pre-treatment levels of blood eosinophils in two large

clinical trial cohorts of moderate-severe asthma in adults (EXTRA (Hanania et al. (2013) Am j

Respir Crit Care Med 87: 804- ) and MILLY (Corren e al. (201 1) N Engl J Med 365: 088-98)) were

assessed; moderate but statistically significant positive correlations between semm periostin

and blood eosinophils was found (Fig. 3A, EXTRA; Fig. 3B, MILLY). However, in pediatric

asthma patients, blood eosinophils and serum periostin are not positively correlated (Fig. 3C,

patients age 12-17 in EXTRA; 3D, patients age 6-12 in study 010). The slightly elevated



blood eosinophil counts in pediatric asthma patients ay he a function of a greater propensity

toward atopy and are unlikely to be due to an independent physiological cause as appears to

be the case for serum periostin.

EXAMPLE 4 Gene expression patterns in peripheral blood are related to eosinophil

counts

[0360] As serum periostin predicts both airway eosinophilia (Jia et ai. (2012) J Allergy Cl n

Immunol 130: 647-654 elO) and responsiveness to lebrikizumab (Cor n et a . (20 1) Engl J Med

365 : 1088-98) in adult asthmatics, and as blood eosinophil counts correlate to airway

eosinophils in both adult (Jia et ai. (20 12) J Allergy Clin Immunol 130: 647-654 elO) and pediatric

(Baraido et a (20 ) Eur Respir J 38: 575-83) asthma patients, it was hypothesized that gene

expression patterns in peripheral blood that correspond to blood eosinophil counts might be

suitable biomarkers to predict clinical benefit from lebrikizumab. To identify transcripts in

peripheral blood associated with blood eosinophil counts in moderate-severe asthma patients,

genome-wide expression microarray analyses of whole blood (PAXgene) samples from 3

subjects at baseline in the EXTRA study was conducted. See Manama et a . (2013 ) Am J Respir

Crit Care Med 187: 804- 1 ; Hanania e a . (201 ) Ann Intern Med i 54: 573-82. Over 150 transcripts that

were expressed at significantly higher levels in the top vs. bottom tertiie of blood eosinophil

counts (q-value < 0.05) were identified. Table 5 lists the top 0 differentially expressed

transcripts between the top and bottom tertiles of blood eosinophil counts. t was confirmed

that these transcripts were related continuously to blood eosinophil counts by examining

rank-order (Spearman's) correlations between transcript levels and eosinophil counts.
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EXAMPLE 5 - Transcripts correlated with eosinophil counts include eosinophil-restrieted
and broadly expressed genes

[0361] In asthma patients, the inflammatory cytokines IL5 and I 3 in the airway may

contribute to systemic eosinophilia in complementary ways: 1) IL5's primary function is to

promote eosinophil hematopoiesis, mobilization, and survival, thus elevated XLS expression

in the airways sends signal to the bone marrow to produce eosinophils; 2) among IL13's

many functions is to induce the expression of CCR3 -binding chemokines such as CCL1 1, 13,

23, 24, and 26 in structural cells of the bronchial mucosa such as epithelial cells and

fibroblasts, thus the eosinophils mobilized by IL5 migrate toward the site of IL13 expression

along a chemokine gradient. See, e.g., Wen et ai. (201 ) P c Natl Acad Sci U S A 110: 6067-72. In

addition to promoting eosinophil chemotaxis via chemokine induction, IL13 exerts multiple

additional effects on the airway that may lead to altered levels of soluble and cellular

mediators in the peripheral blood. See, e.g., Arron et al. (2013) Ad Pharmacol 66: 1-49. Hence,

process that promotes peripheral eosinophilia may also lead to other eosinophil-independeiit

effects on gene expression in blood cells.

[0362] To determine whether transcripts related to peripheral blood eosinophil count

were due to their expression in eosinophils or in other cell types, the relative expression

levels of eosinophil-related transcripts in a publicly available dataset (GSE3982) comprising

sorted blood cells was examined. See Liu et ai. (2006) J Allergy- Clin Immunol 8 : 496-503. Among

the most highly eosinophil-related transcripts in the EXTRA dataset that were also

represented in the GSE3982 dataset, three major patterns of expression were identified: 1)

eosinophil-restrieted, where expression of the transcript is predominantly found in

eosinophils from among all the cell types examined; 2) eosinophil/basophil-restricted, where

expression is found in both eosinophils and basophils but not in other cell types, and 3) broad

expression, where the transcript is found in multiple blood cell types, which may or may not

include eosinophils. Interestingly, none of the selected transcripts were uniquely expressed in

basophils despite many known transcripts specific to basophils among peripheral blood

leukocytes (which may also be found in tissue-resident mast ceils), such as Fc and

trypta.se genes, which suggests that the eosinophil/basophil-restricted transcripts were

significant in our analysis because of their expression in eosinophils but not necessarily in

basophils. Table 5 lists the expression patterns for transcripts represented in both datasets

where "eo" denotes predominantly eosinophil-restrieted expression, "eobaso" denotes



expression mainly restricted to eosinophils and basophils, and "other" denotes broader

expression and/or expression restricted to leukocytes other than eosinophils or basophils.

Many transcripts were not represented in the GSE3982 dataset and thus are not annotated.

Examples of the three patterns are illustrated in Fig. 4, where SIGLEC8 is largely restricted

to eosinophils (Figure 4A), CLC is expressed predominantly in eosinophils and basophils

(Figure 4B). and CSFl is more broadly expressed across multiple cell types (Figure 4C),

despite the fact that all three transcripts are highly correlated to blood eosinophil count.

These data suggest that some eosinophii-related transcripts in peripheral blood may reflect

biological processes that are associated with, but not strictly due to eosinophil count, which

has the potential to add robustness to the power of peripheral blood transcripts to predict

pathophysiological processes in the airways beyond simply counting eosinophils.

EXAMPLE 6 - Eosinophii-related transcripts in peripheral blood identify moderate-severe
asthma patients w h increased c nical benefit from lebrikizumab

[0363 We have shown in the phase II MILLY study that moderate-severe patients with

poorly controlled asthma despite ICS with pre-treatment serum periostin or FeNO levels

above the median level in the study exhibited significantly improved lung function on

lebrikizumab treatment relative to placebo whereas patients with baseline semm periostin or

FeNO levels below the median did not show a significant benefit from lebrikizumab relative

to placebo. See, e.g. Con-en et at. (20 1 ) N Engl J Med 365: 1088-98; Arron et al. (201 ) N Engl J Med

365: 2433-34. To determine whether eosinophii-related gene expression in peripheral blood

could similarly predict clinical benefit from lebrikizumab, expression of 47 eosinophii-

related transcripts by qPCR in baseline PAXgene blood RNA samples from patients in the

MILLY study was assessed. Samples were taken immediately prior to the first dose of study-

drag at randomization and were available for 208 of the 2 9 patients in the modified intent-

to-treat population.

|0364] The first step in assessment of the expression data was consideration of quality .

PGR amplification with the selected primer and probe sets failed for 3 genes (ID02,

KBTBD1 , and P2RY2). IL5RA exhibited unacceptable technical performance (plate effects)

during qPCR and was omitted from further analyses. LRRC17 data was missing in over

300over 25% of samples and was omitted from further analysis on that basis. Eight samples

were missing data for over 25% of genes and were omitted. Remaining missing data were

imputed because they were few and apparently randomly distributed.



[0365] The outcome assessed was the difference in placebo-adjusted change in FEV at

12 weeks with patients dichotomized around the median expression level of each gene at

baseline. To ensure consistency of response, post-hoc analyses examined the performance of

the dichotomized groups to predict FEVi response continuously over the 32-week course of

the study.

[0366] Over 20 transcripts performed comparably to or better than periostin, Fe O, and

blood eosinophils to enrich for placebo-adjusted FEVi benefit from lebrikizumab at week 2 .

When dichotomized according to the median expression level at baseline, patients with

expression levels ofCSFl, MEIS2, LGALS12, IDOL THBS4, OLIG2, ALOX15, SIGLEC8,

CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1,

SMPD3, CCR3, CLC, CYP4F12, and ABTB2 above the median all exhibited significantly

greater placebo-adjusted FEV improvement from lebrikizumab at 12 weeks than patients

with expression levels of those genes below the median (95% confidence intervals do not

include zero, Fig. 5). The expression of several genes including CD9, P2RY14, PMP22,

BACE2, RNASE2, FAM124B, UGT2828, ACOT1 1, CYSLTR1 , ILIRLI , and MYB did not

substantially enrich for placebo-adjusted FEVi benefit from lebrikizumab, while others

including OLIGI, PRSS33, HRH4, SPNS3, SLC29A1, CYSLTR2, DACHL and SLC16A14

enriched for clinical benefit but with 95% confidence intervals for placebo-adjusted FEVi

improvement including zero (Fig. 5). Using baseline values dichotomized around the median,

genes that differentiated for placebo-adjusted FEVi benefit at 12 weeks tended to enrich for

FEV-. benefit at all timepoints throughout the duration of the study (Fig. 6). Taken together,

these data show that over 20 individual gene transcripts in peripheral blood can enrich for a .

population of moderate-severe asthma patients likely to experience enhanced clinical benefit

from lebrikizumab

EXAMPLE 7 - Peripheral blood gene expression levels are correlated to blood eosinophils
in adult and pediatric subjects

[0367] As serum periostin is expressed at markedly different levels and is not correlated

with blood eosinophils in pediatric asthma patients, it was determined whether eosinopb.il-

reiated transcripts in peripheral blood were: 1) correlated with blood eosinophils in pediatric

subjects and 2) scaled comparably in adult and pediatric subjects. Matched PAXgene blood

RNA samples, blood eosinophil percentage, FeNO, and serum IgE levels from 4 subjects

aged 8-21 in the "GALA 11" Study (Nishimiira et al. (2013) Am J espir Crit Care Med 188: 309-18;

Kumar et al. (2013) J Allergy Clin Immunol dot: 10. 0 6/j jaei.2013.02.046. [Epub ahead ofprint]; Borrell et

al (2013) Am J Respir Crit Care Med 87: 697-702), of whom 277 had physician-diagnosed asthma



and 4 were age-matched healthy controls, were obtained. The asthmatic subjects in GALA

had significantly lower FEVj % predicted and significantly higher serum IgE, blood

eosinophils, and FeNO than the control subjects. The pediatric asthma subjects in GALA had

significantly intereorrelated blood eosinophil percentage and FeNO levels, the range and

distribution of which overlapped with blood eosinophil percentage and FeNO from adult

moderate-severe asthmatic subjects in the BOBCAT cohort (Jia et a . (2012) J Allergy Clin

Immunol 130: 647-654 e O) (Table 6). In both asthmatic subjects and healthy controls in GALA,

there was a weak but significant negative correlation between blood eosinophil percentage

and age (Fig 7, similar to observations shown in other cohorts in Fig. 3), however blood

eosinophil percentage was not substantially skewed relative to adult subjects.

Table 6 : Clinical and demographic features of BOBCAT (adult) and GALA II (pediatric)
cohorts

*p <C 1 vs. GALA c ntre

Provided herein are anti-RSPO antibodies, in partieiilar anti-RSP02 antibodies and/or anti-RSP03

antibodies, and methods of using the same.

[0368] To assess whether transcripts related to blood eosinophilia in adult asthmatics

were related to blood eosinophilia in pediatric subjects and scaled comparably, the 43 genes

described above were assessed by qPCR in GALA (the first GAL A study is described, for

example, in Corvol et al, Pharmacogenet Genomics. 2009 Jul;19(7):489-96) and 88 baseline

samples from BOBCAT simultaneously to mitigate batch effects. Most genes observed

similar relationships between expression level and blood eosinophil percentage in adult

asthmatics and pediatric subjects with and without asthma, suggesting that the ability of gene

expression to predict blood eosinophilia was consistent independent of age or diagnosis (e.g.

CCL23, Fig. 8A). However, some transcripts observed divergent patterns between GALA



and BOBCAT, e.g. CLC, which had comparable correlation coefficients relative to blood

eosinophil percentage in adult and pediatric subjects b t which was expressed at substantially

higher levels for a given blood eosinophil percentage in adults than in pediatric subjects (Fig.

8B); or CSFl, which observed both divergent correlation coefficients and divergent scaling

in adult and pediatric subjects (Fig. 8C). To identify the transcripts that were both highly

related to blood eosinophil counts and minimally dependent on age, a linear regression model

incorporating all data from BOBCAT, MILLY, and GALA in which gene expression was

assessed as a function of blood eosinophil percentage, age, the interaction term between age

and blood eosinophil percentage, and batch was constructed. Genes that were maximized in

the model estimate for blood eosinophil percentage and minimized in the model estimate for

age were identified (Fig. 9). Additional considerations for selecting genes included the ability

of baseline gene expression level to identify patients with enhanced clinical benefit from

lebrikizumab in the MILLY study and increased dynamic range of expression levels in

peripheral blood. Table 7 shows the top 20 genes ranked by placebo-adjusted change in FEVi

at week 12 in MILLY (Fig. 5), the Pearson correlation coefficients between gene expression

and blood eosinophil percentage in BOBCAT and asthmatic subjects in GALA, the ratio of

Y-intercept for the regression of AACt vs. (blood eosinophil pereentage)-2 as illustrated in

Fig. 8 between pediatric and adult asthmatic subjects, and the dynamic range of expression as

determined by the difference in ∆∆ .between the 10th and 90th percentile of expression

levels observed in all GALA and BOBCAT samples for each gene. Genes with comparable

correlation coefficients (0-10%) between BOBCAT and GALA were deemed to have a

higher priority than genes with divergent correlation coefficients; genes with smaller

intercept ratios (0-10%) were deemed higher priority than genes with higher intercept ratios,

and genes with larger dynamic ranges (> 3 cycles) were deemed higher priority than genes

with smaller dynamic ranges.

[0369] Taken together, the performance of many genes in the linear regression model

(Fig. 9) and categorical analyses (Table 7) suggest that they may be suitable as biomarkers

predictive of enhanced clinical benefit from therapies targeting type 2 inflammatory

mediators in pediatric asthma patients.



Table 7: Summary of blood eosinophil-related transcripts predicting Iebrikizumab clinical
benefit and relationships between gene expression and blood eosinophil percentage in adult
and pediatric asthma



Note: All 0-10% >3 cycles, except * 10-15% 2-3 cycles and ** > 5% <2 cycles.
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[0370] Although the foregoing invention has been described in some detail by way of

illustration and example for purposes of clarity of understanding, the descriptions and

examples should not be construed as limiting the scope of the invention. The disclosures of

a l patent and scientific literature cited herein are expressly incorporated in their entirety by
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CLAIMS:

. A method of predicting the response of a patient suffering from asthma or a

respirator}' disorder to a therapy comprising a TI 2 pathway inhibitor, the method

comprising:

obtaining a biological sample from the patient,

measuring the mRNA level of at least one, at least two, or at least three markers in the

sample selected from CSF1, MEIS2, LGALS12, DO , THBS4, OLIG2, AL X ,

SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44,

MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2,

comparing the mRNA level detected in the sample to a reterence level,

and

predicting that the patient will respond to the therapy when the mRNA level measured in the

sample is elevated compared to the reference level and predicting that the patient will not

respond to the therapy when the mRNA level measured in the sample is reduced compared to

the reference level.

2 . A method of predicting responsiveness of an asthma patient or a respiratory

disorder patient to a T 2 pathway inhibitor treatment the method comprising measuring the

mRNA level of at least one, at least two, or at least three markers selected from CS ,

MEIS2, LGALS12, IDOl, THBS4, OLIG2, ALOX15, SIGLEC8, CCL23, PYROXD2,

HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC,

CYP4F12, and ABTB2 in a biological sample from the patient, wherein elevated mRNA

level compared to a reference level identifies the patient as one who is likely to respond to

the Ί Ή 2 pathway inhibitor treatment.

3 . A method of identifying a . patient suffering from asthma or a respiratory

disorder as likely to respond to a therapy comprising a TH2 pathway inhibitor, the method

comprising:

(a) measuring the mRNA level of at least one, at least two, or at least three

markers selected from CSFl, MEIS2, LGALS12, IDOl, THBS4, QLIG2,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2,

CACNG6, GPR44, MGAT3, SLC47A1, P ) 3 . CCR3, CLC, CYP4F12,

and ABTB2 in a biological sample from the patient;



(b) comparing the m NA level measured in (a) to a reference level; and

(c) identifying the patient as more likely to respond to the therapy comprising the

TH2 pathway inhibitor when the mRNA level measured in (a) is above the

reference level.

4. The method according to any one of the preceding claims, wherein the T 2

pathway inhibitor is an inhibitor of Γ Κ , BTK , IL-9 (e.g., MEDI-528), IL-5 (e.g.,

Mepolizumab, CAS No. 196078-29-2; resiiizumab), L- 3 (e.g., IMA-026, IMA-638 (also

referred to as, anrukinzumab, INN No. 910649-32-0; QAX-576; IL4/1L13 trap),

t lok ab (also referred to as CAT-354, CAS No. 1044515-88-9); AER-001, ABT-308

(also referred to as humanized 13C5.5 antibody), IL-4 (e.g., AER-001, IL4/IL13 trap),

OX40L, TSLP, IL-25, IL-33 and IgE (e.g., XOLAIR®, QGE-031; MEDI-4212; quilizumab);

and receptors such as: IL-9 receptor, IL-5 receptor (e.g., MEDI-563 (benralizumab, CAS No.

104451 1-01-4), lL-4receptor alpha (e.g., AMG-3 7, AIR-645, dupilumab), 1L-

3receptoralphal (e.g., R-1671) 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 (e.g., AMG-853, AP768, AP-761, MLN6095, ACT129968), FcepsilonRI,

FcepsilonRII/CD23 (receptors for gE), Flap (e.g., GSK2190915), Syk kinase (R-343,

PF3526299); CCR4 (AMG-761), TLR9 (QAX-935), or is a multi-cytokine inhibitor of

CCR3, IL5, IL3, GM-CSF (e.g., TP ASMS).

5. The method according to any one of the preceding claims, wherein the TH2

pathway inhibitor is an anti-IL13/IL4 pathway inhibitor or an anti IgE binding agent.

6. The method according to any one of the preceding claims, wherein the TH2

pathway inhibitor is an anti-TL-l 3 antibody or an anti-IL-13 bispecific antibody.

7. The method according to claim 6, wherein the anti-IL-13 antibody is an

antibody comprising a VH comprising a sequence selected from SEQ ID NOs: 9, 19, and 2 ,

and VL comprising a sequence selected from SEQ ID NO: 10, 20, and 22; an anti-IL-13

antibody comprising HVRH1, HVRH2, HVRH3, HVRL1, HVRL2, and HVRL-3, wherein the

respective HVRs have the amino acid sequence of SEQ ID NO.: , SEQ ID NO.: 2, SEQ

ID NO.: 13, SEQ ID NO.: 14, SEQ ID NO.: 15, and SEQ ID NO.: 6; or lebrikizumab.



8 The method according to claim 4, wherein the Ί Ή 2 pathway inhibitor is an

anti-IgE antibody.

9 . The method according to claim 8, wherein the anti-IgE antibody is (i) the

XOLAIR® antibody, (ii) anti- ' antibody comprising a variable heavy chain and a variable

light chain, wherein the variable heavy chain is SEQ ID NO:l and the variable light chain is

SEQ ID NO:2 or (iii) an ami- M ' antibody comprising a variable heavy chain and a variable

light chain, wherein the variable heavy chain further comprises an HVR -Hl, HVR-H2 and

HVR-H3, and the variable light chain further comprises and HVR-L1, HVR, L2 and HVR-L3

and: (a) the HVR-Hl has the sequence of SEQ ID NO: 3 [GFTFSDYCJIA]; (b) the HVR-H2

has the sequence of SEQ ID NO: 4 [AFISDLAYTIYYADTVTG] ; (c) the HVR-H3 has the

sequence of SEQ ID NO: 5 [A RD WDAMDY] ; d) the HVR-L1 has the sequence of SEQ

ID NO: 6 [RSSQSLVHNNANTYLH] ; (e) the HVR-L2 has the sequence of SEQ ID NO: 7

[KVSNRFS]; (t) the HVR-L3 has the sequence of SEQ ID NO: 8 [SQNTLVPWT].

10. A method of treating a patient having asthma or a respiratory disorder, the

method comprising:

(a) measuring the mR level of at least one, at least two, or at least three

markers selected from CSF 1, MEIS2, LGALS 12, DO , THBS4, OLIG2,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2,

CACNG6, GPR44, MGAT3 , SLC47A , SMPD3, CCR3 , CLC, CYP4F ,

and ABTB2 in a biological sample from the patient;

(b) comparing the mRN level measured in (a) to a reference level;

(c) identifying the patient as more likely to respond a therapy comprising a TH2

pathway inhibitor when the mRN level measured in (a) is above the

reference level; and

(d) administering the therapy when the mRNA level measured in (a) is above the

reference level, thereby treating the asthma or respiratory disorder

. The method according to any one of the preceding claims, wherein measuring

the mRNA levels comprises amplification.



1 . The method according to claim , wherein measuring the mRNA levels

comprises quantitative PGR.

13. The method according to any one of the preceding claims, wherein measuring

the mRN levels comprises amplifying the mRNA and detecting the amplified product,

thereby measuring the level of the mRNA.

14. The method according to any one of the preceding claims, wherein the

reference level is the median level of the respective marker in a reference population.

. A method of treating asthma or a respiratory disorder in a patient, comprising

administering to the patient a therapeutically effective amount of a ΊΉ 2 pathway inhibitor,

wherein a biological sample obtained from the patient has been determined to have elevated

mRNA levels of at least one, at least two, or at least three markers selected from CS ,

MEIS2, LGALS12, 0 , - 4, 0LIG2, AL0X15, SXGLEC8, CCL23, PYR0XD2,

HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC,

CYP4F12, and ABTB2, compared to the mRNA levels of the respective markers in a

reference population.

16. A method of treating asthma or a respiratory disorder in a patient, comprising

administering to the patient therapeutically effective amount of a Ί Ή 2 pathway inhibitor,

wherein the patient has been selected for treatment based on elevated mRNA levels in

biological sample obtained from the patient of at least one, at least two, or at least three

markers selected from CSFl, ME1S2, LGALS12, IDO ! UBS - . 0LIG2, AL0X15,

SIGLEC8, CCL23, PYR0XD2, HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3,

SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2, compared to the mRNA levels of

the respective markers in a reference population.

17. The method according to claim 5 or claim 6, wherein the mRNA levels

were determined by a method comprising amplification.

8. The method according to claim 7, wherein the mRNA levels were determined

by a method comprising quantitative PCR.



19. The method according to any one of claims 5 to 18, wherein the mRNA

levels were determined by a method comprising amplifying the mRNA and detecting the

amplified product.

20. The method of any one of claims to , wherein the reference level is the

median level of the respective marker in a reference population.

21. The method according to any one of claim to 20, wherein the TH2 pathway

inhibitor is an inhibitor of TK, BTK , IL-9 (e.g., MEDI-528), IL-5 (e.g., Mepolizitmab, CAS

No. 196078-29-2; resilizumab), IL-13 (e.g., IMA-026, IMA-638 (also referred to as,

annikmzumab, INN No. 910649-32-0; QAX-576; IL4/1L13 trap), tralokinumab (also referred

to as CAT-354, CAS No. 1044515-88-9); AER-001, ABT-308 (also referred to as humanized

13C5.5 antibody), L-4 (e.g., AER-001, IL4/IL13 trap), OX40L, TSLP, IL-25, IL-33 and IgE

(e.g., XOLAIR®, QGE-031; MEDI-4212; quilizumab); and receptors such as: IL-9 receptor,

IL-5 receptor (e.g., MEDI-563 (benralizumab, CAS No. 1044511-01-4), IL-4receptor alpha

(e.g., AMG-317, AIR-645, dupilumab), IL-13receptoralphal (e.g., R- 67 ) 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 (e.g., AMG-853, AP768, AP-

761, MLN6095, ACT 129968), FcepsilonRI, FcepsilonRII/CD23 (receptors for IgE), Flap

(e.g., GSK2190915), Syk kinase (R-343, PF3526299); CCR4 (AMG-761), TLR9 (QAX-

935), or is a multi-cytokine inhibitor of CCR3, IL5, IL3, GM-CSF (e.g., TP ASM8).

22. The method according to any one of claims 5 to , wherein the TH2

pathway inhibitor is an a i- l 3 TL4 pathway inhibitor or an anti IgE binding agent.

23. The method according to any one of claims 5 to 21, wherein the TH2

pathway inhibitor is an anti-IL- 3 antibody

24. The method according to claim 23, wherein the anti-IL- 13 antibody is an

antibody comprising a VH comprising a sequence selected from SEQ ID NOs: 9, 19, and 21,

and VL comprising a sequence selected from SEQ ID NO: 10, 20, and 22: an anti-IL 13

antibody comprising HVR , HVRH2, HVRH3, HVRL1, HVRL2, and HVRL3, wherein the



respective HVRs have the amino acid sequence of SEQ ID NO.: , SEQ ID NO : 2, SEQ

ID NO.: 13, SEQ ID NO.: 14, SEQ ID NO.: 15, and SEQ ID NO.: 16; or lebrikizumab.

25. The method according to claim 24, wherein the patient is administered a flat

dose of 37.5 mg, or 125 mg or 250 mg every four weeks.

26. The method according to any one of claims 23 to 25, wherein the anti-IL-13

antibody is administered subcutaneously.

27. The method according to any one of claims 23 to 26, wherein the anti-IL-1

antibody is administered using a prefilled syringe or autoinjector device.

28. The method of claim 23, wherein the anti-IL-1 3 antibody is a bispecific anti-

IL-13 antibody

29. The method according to claim 28, wherein the bispecific anti-ILl 3 antibody

binds II - 3 and IL-4.

30. The method according to claim 22, wherein the TH2 pathway inhibitor is an

anti-IgE antibody

3 . The method according to claim 30, wherein the anti-IgE antibody is (i) the

XOLAIR® antibody, (ii) anti-Μ antibody comprising a variable heavy chain and a variable

light chain, wherein the variable heavy chain is SEQ ID NQ:1 and the variable light chain is

SEQ ID NO:2 or (iii) an anti- Μ antibody comprising a variable heavy chain and a variable

light chain, wherein the variable heavy chain further comprises an HVR-H1, HVR-H2 and

VR-H3, and the variable light chain further comprises and HVR-Ll , HVR, L2 and HVR -L3

and: (a) the HVR-H1 has the sequence of SEQ ID NO: 3 [GFTFSDYGIA]; (b) the HVR-H2

has the sequence of SEQ ID NO: 4 [AFISDLAYTTYYADTVTG]; (c) the HVR-H3 has the

sequence of SEQ ID NO: 5 [ARDNWDAMDY]; (d) the HVR-Ll has the sequence of SEQ

ID NO: 6 [RSSQSLVH ANTYLH] ; (e) the HVR-L2 has the sequence of SEQ ID NO: 7

[KVSNRFS]; (f) the HVR-L3 has the sequence of SEQ ID NO: 8 [SQNTLVPWT].



32. The method according to claim 3 , wherein the anti-IgE antibody is an anti-

Mi' antibody.

33. The method according to claim 31, wherein the anti-Μ Γ antibody is

administered subeutaneously at a flat dose of 150 mg once every 12 weeks, 300 mg once

every 4 weeks or 450 mg once every 12 weeks.

34. The method according to claim 33, wherin the anti-Mi ' antibody is

administered subcutaneous!} at a flat dose of 50 mg once every 12 weeks.

35. The method according to claim 33, wherin the anti-Mi ' antibody is

administered subcutaneously at a flat dose of 450 mg once every 12 weeks.

36. The method according to claim 34 or claim 35, further comprising

subcutaneous administration of an additional dose four weeks after administration of an

initial dose.

37. The method according to any one of the preceding claims, wherein the at least

one, at least two, or at least three markers are selected from CSFl, ME1S2, CCL23, HSD3B7,

SORD, CACNG6, MGAT3, SLC47A1, and ABTB2

38. The method according to any one of claims 1 to 36, wherein the at least one, at

least two. or at least three markers are selected from MEIS2, LGALS12, IDOL ALOX15,

SIGLEC8, CCL23, PYROXD2, HSD3B7, CACNG6, and GPR44.

39. The method according to any one of claims 1 to 36, wherein the at least one, at

least two, or at least three markers are selected from CCL23, IDOl, HSD3B7, and CAC G6.

40. The method according to any one of claims 1 to 36, wherein the at least one, at

least two. or three markers are selected from CCL23, IDOl, and CACNG6.

4 . The method according to any one of claims 1 to 36, wherein the at least one, at

least two, or three markers are selected from HSD3B7, SIGLEC8 and GPR44.



42. The method according to any one of claims 1 to 36, wherein the at least one, at

least two, at least three, or four markers are selected from SIGLEC8, CCL23, CACNG6, and

GPR44.

43. The method according to any one of the preceding claims, wherein if the

mRNA level is elevated, the patient is Eosinophilic inflammation Positive (EIP).

44. The method according to any one of the preceding claims, wherein the patient

is suffering from moderate to severe asthma.

45. The method according to any one of the preceding claims, wherein the asthma

or respirato disorder is uncontrolled on a corticosteroid.

46. The method according to claim 45, wherein the corticosteroid is an inhaled

corticosteroid.

47. The method according to claim 46, wherein the inhaled corticosteroid is

Qvari®, Pulmicort®, Symbicort®, Aerobid®, Fiovent®, Flonase®, Advair® or Azmacort®.

48. The method according to any one of the preceding claims, wherein the patient

is being treated with a second controller.

49. The method according to claim 48, wherein the second controller is a . long

acting bronchial dilator (LABD).

50. The method according to claim 49, wherein the LABD is a long-acting beta-2

agonist (LABA), leukotriene receptor antagonist (LTRA), long-acting muscarinic antagonist

(LAMA), theophylline, or oral corticosteroids (OCS).

51. The method according to claim 49, wherein the LABD is Symbicort®,

Advair®, Brovana®, Foradil®, Perforomisr or Serevent®.



52. The method according to a y one of the preceding claims, wherein the patient

is 0-17 years old, 2-17 years old, 2-6 years old 6- years old, 8-17 years old, 12-17 years

old, 2 years old or older, 6 years old or older, or years old or older.

53. The method according to claim 52, wherein the patient is 8 years or older.

54. The method according to any one of the preceding claims, wherein the patient

is a human

55. The method according to any one of the preceding claims, wherein the

biological sample is selected from blood, serum, plasma, and peripheral blood mononuclear

cells (PBMCs)

56. The method according to claim 55, wherein the biological sample is PBMCs.

57. Use of a kit for determining the level of at least one, at least two, or at least

three markers selected from CSF1, MEIS2, LGALS12, IDOl, THBS4, QL G2, ALO 5,

SIGLEC8, CCL23, PYROXD2, HSD3B7, SO D, ASB2, CACNG6, GPR44, MGAT3,

SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in a biological sample obtained

from an asthma patient or respirator}' disorder patient for stratifying asthma patients into

likely responders and non-responders for therapeutic treatment with a TH2 pathway inhibitor.

58. The use according to claim 57, wherein the kit is for determining the level of

at least one, at least two, or at least three markers selected from CSF1, MEIS2, CCL23,

HSD3B7, SORD, CACNG6, MGAT3, SLC47A1, and ABTB2.

59. The use according to claim 57, wherein the kit is for determining the level of

at least one, at least two, or at least three markers selected from MEIS2, LGALS12, IDOl,

ALOX15, SIGLEC8, CCL23, PYROXD2, HSD3B7, CACNG6, and GPR44.

60. The use according to claim 57, wherein the kit is for determining the level of

at least one, at least two, or at least three markers selected from CCL23, IDOl, HSD3B7, and

CACNG6.



61. The use according to claim 57, wherein the kit is for determining the level of

at least one, at least two, or three markers selected from CCL23, ID , and CACNG6.

62. The use according to claim 57, wherein the kit is for determining the level of

at least one, at least two, or three markers selected from HSD3B7, SIGLEC8, and GPR44.

63. The se according to claim 57, wherein the kit is for determining the level of

at least one, at least two, at least three or four markers selected from SIGLEC8, CCL23,

CACNG6, and GPR44.

64. The use according to any one of claims 57 to 63, wherein use of the kit

comprises:

a) measuring the mRNA level of the at least one marker in a sample obtained from an

asthma patient;

b) comparing the level of the at least one marker determined in step a) to a reference

level; a

c) stratifying said patient into the category of responder or non-responder based on

the comparison obtained in step b).

65. The use according to claim 64, wherein the reference level is the median level

of the respective marker in a reierence population.

66. The use according to claim 64 or claim 65, wherein if the mRNA level of at

least one marker is above the reference level, the patient is stratified into the category of

responder.

67. The use according to any one of claims 64 to 66, wherein if the level of at

least one marker is above the reference level, the patient is Eosinophilic Inflammation

Positive (E1P).

68. The use according to claim 67, wherein if the patient is EIP, the use comprises

selecting a therapy comprising a TH2 pathway inhibitor.



69. The use according to any one of claims 57 to 68, wherein the patient is

suffering from moderate to severe asthma.

70. The use according to any one of claims 57 to 69, wherein measuring the

mRNA levels of at least one marker comprises amplification.

7 . The use according to claim 70, wherein measuring the mRNA levels of at least

one marker comprises quantitative PGR.

72. The use according to any one of claims 57 to 7 , wherein the asthma or

respiratory disorder is uncontrolled on a corticosteroid.

73. The use according to claim 72, wherein the corticosteroid is an inhaled

corticosteroid.

74. The se according to claim 73, wherein the inhaled corticosteroid is Qvar®,

Pulmicort®, Symbicort®, Aerobid®, Flovent®, Flonase®, Advair® or Azmacort®.

75. The use according to any one of claims 57 to 74, wherein the patient is also

being treated with a second controller.

76. The use according to claim 75, wherein the second controller is a long acting

bronchial dilator (LABD).

77. The use according to claim 76, wherein the LABD is a LABA, LTRA,

LAMA, theophylline, or OCS.

78. The use according to claim 76, wherein the LABD is Symbicort®, Advair®,

Brovana®, Foradil®, PerforomistTM or Serevent®.

79. The use according to any one of claims 57 to 78, wherein the TH2 pathway

inhibitor inhibits the target ITK, BTK , IL-9 (e.g., MEDI-528), IL-5 (e.g., Mepolizumab,

CAS No. 196078-29-2; resilizumab), IL-13 (e.g., IMA-026, IMA-638 (also referred to as,



anrukinzumab, NN No. 910649-32-0; QAX-576; IL4/IL13 trap), tralokinumab (also referred

to as CAT-354, CAS No. 1044515-88-9); AER-001, ABT-308 (also referred to as h anized

13C5.5 antibody), IL-4 (e.g., AER-001, IL4/TLI 3 trap), OX40L, TSLP, IL-25, IL-33 and IgE

(e.g., XGLAIR, QGE--031; MED1-4212; quilizumab); and receptors such as: L-9 receptor,

lL-5 receptor (e.g., MEDI-563 (benralizumab, CAS No. 104451 1-01-4), IL-4receptor alpha

(e.g., AMG-317, AIR-645, dupilumab), IL-13receptoralphal (e.g., R-1671) and IL-

13receptoralpha2, OX40, TSLP-R, IL-7Ralpha (a co-receptor for TSLP), 1L RB (receptor

for IL-25), ST2 (receptor for IL-33), CCR3, CCR4, CRT 2 (e.g., AMG-853, AP768, AP-

761, MLN6095, ACT129968), FcepsilonRI, FcepsilonRII/CD23 (receptors for IgE), Flap

(e.g., GSK2190 ), Syk kinase (R-343, PF3526299); CCR4 (AMG-761), TLR9 (QAX-935)

or is a raulti-cytokine inhibitor of CCR3, IL5, IL3, GM-CSF (e.g., TP AS 8).

80. The use according to any one of claim 57 to 78, wherein the T 2 Pathway is

an anti-IL13/IL4 pathway inhibitor or an anti IgE binding agent

81. The use according to any one of claims 57 to 80, wherein the TH2 pathway

inhibitor is an a.nti-IL-13 antibody or an anti-IL-13 bispecific antibody.

82. The use according to claim 8 , wherein the anti-IL-13 antibody is an antibody

comprising a VII comprising a sequence selected from SEQ ID NOs: 9, , and 21, and VL

comprising a sequence selected from SEQ ID NO: 10, 20, and 22; an anti-IL13 antibody

comprising VRI , VR 2, HVRH3, HVRL1, FTVRL2, and FIVRL3, wherein the

respective HVRs have the amino acid sequence of SEQ ID NO.: 11, SEQ ID NO : 12, SEQ

ID NO.: 13, SEQ ID NO.: 14, SEQ ID NO.: 15, and SEQ D NO.: 16; or lebrikizumab.

83. The use according to claim 80, wherein the ΤΉ 2 pathway inhibitor is an anti-

gE antibody.

84. The use according to claim 83, wherein the anti-IgE antibody is (i) the

XOLAIRi® antibody, (ii) anti-MF antibody comprising a . variabie heavy chain and a variable

light chain, wherein the variable heavy chain is SEQ D NO: I and the variable light chain is

SEQ ID NO:2 or (iii) an anti- M ' antibody comprising a variable heavy chain and a variable

light chain, wherein the variable heavy chain further comprises an HVR-H1, HVR-H2 and



V -H3, and the variable light chain further comprises and HVR-Ll , HVR, L2 and V -L3

and: (a) the HVR-H1 has the sequence of SEQ ID NO: 3 [GFTFSDYGIA]; (b) the HVR-H2

has the sequence of SEQ ID NO: 4 [AFTSDLAYTTYYADTVTG]; (c) the HVR-H3 has the

sequence of SEQ ID NO: 5 [ARD WDAMDY] ; (d) the HVR-Ll has the sequence of SEQ

ID NO: 6 [RSSQSLVHNNANT YLH] ; (e) the HVR-L2 has the sequence of SEQ ID NO: 7

[KVSNRFSj; (f the HVR-L3 has the sequence of SEQ ID NO: 8 [SQNTLVPWT].

85. The use according to any one of claims 57 to 84, wherein the patient is 0-17

years old, 2-17 years old, 2-6 years old, 6-11 years old, 8-17 years old, 12- 7 years o d, 2

years old or older, 6 years old or older, or 2 years old or older.

86. The use according to claim 85, wherein the patient is 8 years or older.

87. The use according to any one of claims 57 to 86, wherein the patient is a

human.

88. The use according to any one of claims 57 to 87, wherein the biological

sample is selected from blood, serum plasma, and peripheral blood mononuclear cells

(PBMCs)

89. The use according to claim 88, wherein the biological sample is PBMCs.

90. A kit for stratifying an asthma patient or a respiratory disorder patient wherein

the kit comprises:

a) reagents for measuring the mRNA level of at least one, at least two, or at least three

markers selected from CSF1, MEIS2, LGALS12, IDOl, THBS4, OLIG2, ALOX15,

SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44, MGAT3,

SLC47A1, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in a sample obtained from the

patient; and

b) instructions for (i) measuring the mRNA levels of the at least one, at least two, or

at least three markers, (ii) comparing the levels of the at least one, at least two, or at least

three markers to a reference level, and (iii) stratifying said patient into the category of

responder or non-responder based on the comparison.



91. The kit according to claim 90, wherein the kit comprises reagents for

measuring the mRNA levels of at least one, at least two, or at least three markers selected

from CSF!, METS2, C .23. ITSD3B7, SORD, CACNG6, MGAT3, SLC47A1, and ABTB2

in sample obtained from the patient.

92. The kit according to claim 90, wherein the kit comprises reagents for

measuring the mRNA levels of at least one, at least two, or at least three markers selected

from MEIS2, LGALS12, IDOl, ALOXI 5, SIGLEC8, CCL23, PYROXD2, HSD3B7,

CACNG6, and GPR44 in a sample obtained from the patient.

93. The kit according to claim 90, wherein the kit comprises reagents for

measuring the mRNA levels of at least one, at least two, or at least three markers selected

from CCL23, IDOl , HSD3B7, and CACNG6 in a sample obtained from the patient.

94. The kit according to claim 90, wherein the kit comprises reagents for

measuring the mRNA levels of at least one, at least two, or three markers selected from

CCL23, IDOl, and CACNG6 in a sample obtained from the patient.

95. The kit according to claim 90, wherein the kit comprises reagents for

measuring the mRNA levels of at least one, at least two, or three markers selected from

HSD3B7, SIGLEC8, and GPR44 in a sample obtained from the patient.

96. The kit according to claim 90, wherein the kit comprises reagents for

measuring the mRN levels of at least one, at least two, at least three, or four markers

selected from SIGLEC8, CCL23, CACNG6, and GPR44In a sample obtained from the

patient.

97. The kit according to any one of claims 90 to 96, wherein the kit comprises a

package insert for determining whether the patient is E P or ΕΓΝ .

98. The kit according to any one of claims 90 to 97, wherein the kit comprises a

package insert for determining whether the patient is likely to respond to a T 2 pathway

inhibitor.



99. The kit according to any one of claims 90 to 98, wherein kit further comprises

a package insert containing information describing the uses according to any one of claims 5

to 77.

100. The kit according to any one of claims 90 to 99, further comprising an empty

container to hold a biological sample.

10 . A method of identi fying an asthma patient or a respirator}' disorder patient as

likely to suffer from severe exacerbations, the method comprising:

obtaining a biological sample from the patient,

measuring the mR A level of at least one, at least two, or at least three markers in the

sample selected from CSF1, MEIS2, LGALS12, XDG1, THBS4, OLIG2, ALOX15,

SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2, CACNG6, GPR44,

MGAT3, SLC47AL SMPD3, CCR3, CLC, CYP4F12, and ABTB2,

comparing the mRNA level detected in the sample to a . reference level,

and

predicting that the patient is likely to suffer from severe exacerbations when the mRNA level

measured in the sample is elevated compared to the reference level.

102. A method of identifying an asthma patient or a respiratory disorder patient as

likely to suffer from severe exacerbations, the method comprising:

(a) measuring the mRNA level of at least one, at least two, or at least three

markers selected from CSF1, MEIS2, LGALS12, D , THBS4, OLIG2,

AL X , SIGLEC8, CCL23, PYROXD2, HSD3B7, SORD, ASB2,

CACNG6, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4F12,

and ABTB2 in a biological sample from the patient;

(b) comparing the mRNA level measured in (a) to a reference level; and

(c) identifying the patient as more likely to suffer from severe exacerbations when

the mRNA level measured in (a) is above the reference level.

103. The method according to claim 101 or claim 102, wherein measuring the

mRNA levels comprises amplification.

104. The method according to claim 03, wherein measuring the mRNA levels

comprises quantitative PGR.



105. The method according to any one of claims 101 to 104, wherem measuring the

mRNA levels comprises amplifying the mRNA and detecting the amplified product, thereby

measuring the level of the mR A.

106. The method according to any one of claims 101 to 105, wherein the reference

level is the median level of the respective marker in a reference population.

107. The method according to any one of claims 101 to 106, wherein the at least

one, at least two, or at least three markers are selected from CSF , MEIS2, CCL23, HSD3B7,

SORD, CACNG6, MGAT3, SLC47A1, and ABTB2.

108. The method according to any one of claims 101 to 106, wherein the at least

one, at least two, or at least three markers are selected from MEIS2, LGALSl , DO ,

ALOX15, STGLEC8, CCL23, PYROXD2, HSD3B7, CACNG6, and GPR44.

109. The method according to any one of claims 101 to 106, wherein the at least

one, at least two, or at least three markers are selected from CCL23, ID , HSD3B7, and

CACNG6.

10. The method according to any one of claims 101 to 106, wherein the at least

one, at least two, or three markers are selected from CCL23, IDOl , and CACNG6.

1 1. The method according to any one of claims 101 to 106, wherein the at least

one, at least two, or three markers are selected from IISD3B7, SIGLEC8, and GPR44.

12. The method according to any one of claims 101 to 6, wherein the at least

one, at least two, at least three, or four markers are selected from SIGLEC8, CCL23,

CACNG6, and GPR44.













































INTERNATIONAL SEARCH REPORT International application No.

PCT/US 1 /61759

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - C12Q 1/68 (2014.01)
CPC - C12Q 1/6883, A61K 38/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8): C12Q 1/68 (2014.01)
CPC: C12Q 1/6883, A61K 38/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PatBase, PubWest, Google Scholar, Google Patents: Asthma, respirator*, respons*, TH2, inhibit*, sample*, mRNA, reference, control,
predict*, CCL23, ID01 , HSD3B7, CACNG6, HD3B7, SIGLEC8, GPR44, PCR, quantitative, anti-lgE, calcium channel, voltage-
Dependent, GAmma Subunit 6, hydroxy-delta-5-steroid dehydrogenase, 3 Beta- And Steroid Delta-lsomeras

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2012/0156194 A 1 (ARRON et al.) 2 1 June 2012 (21 .06.2012); para [0013], [0020], [0021], 1-4, 8-10, 15-18, 57-65,
[0024], [0026], [0031], [0045], [0069] 90-97 and 101-104

US 2007/0077585 A 1 (SYED et al.) 5 April 2007 (05.04.2007); para [0010]-[0012], [0021] 1-4, 8-10, 15-18, 57-65,
90-97 and 101-104

WO 2005/093092 A2 (GOLZ et al.) 06 October 2005 (06.10.2005); abstract, p 47, In 27-31 62, 64/62, 65/62, 95,
97/95

□ Further documents are listed in the continuation of Box C.

* Special categories of cited documents: "T"

□
later document published after the international filing dale or priority

Ά " document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is , step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than "&" document member of the same patent familythe priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

18 December 2014 (18.12.2014) 0 4 FEB 2015
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W . Young
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 14/61759

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically.

3. iEI Claims Nos.: 5-7, 11-14, 19-56, 66-89, 98-100, 105-1 12
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

□ payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest

□ fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

