wo 2015/061441 A1 |JIN I N0F 00O 00O 0O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/061441 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

1

(72

30 April 2015 (30.04.2015) WIPOIPCT
International Patent Classification:
CI12Q 1/68 (2006.01)
International Application Number:
PCT/US2014/061759
(74)

International Filing Date:
22 October 2014 (22.10.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/894,831 23 October 2013 (23.10.2013) US

Applicant (for all designated States except AL, AT, BE,
BG, CH, CN, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR,
HR, HU, IE, IN, IS, IT, LT, LU, LV, MC, MK, MT, NL,
NO, PL, PT, RO, RS, SE, SI, SK, SM, TR): GENENTECH,
INC. [US/US]; 1 Dna Way, South San Francisco, Califor-
nia 94080 (US).

Applicant (for AL, AT, BE, BG, CH, CN, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IN, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR orly): F. HOFFMANN-LA ROCHE AG
[CH/CH]; Grenzacherstrasse 124, CH-4070 Basel (CH).

Inventors: ABBAS, Alexander R.; 1 DNA Way, South
San Francisco, California 94080 (US). ARRON, Joseph
R.; 1 DNA Way, South San Francisco, California 94080
(US). CHOY, David F.; 1 DNA Way, South San Fran-
cisco, California 94080 (US). JIA, Guiquan; 1 DNA Way,

(8D

(84)

South San Francisco, California 94080 (US). LEW-
IN-KOH, Nicholas J. I.; 1 DNA Way, South San Fran-
cisco, California 94080 (US). MORSHEAD, Katrina B.;
1 DNA Way, South San Francisco, California 94080 (US).

Agents: DAVIS, Jennifer L. et al.; Genentech, Inc., Mail
Stop 49, South San Francisco, California 94080 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: METHODS OF DIAGNOSING AND TREATING EOSINOPHILIC DISORDERS

Blood

95% CI)

Serum

| / Ensinaphils
& |

Periastin

Placebo-adjusted YaAFEVT (2

{Above Median-below Median] Baseline Expression

FIG. §

bl o8
LX)

[ ]

®
S g N
CHCoRNC3RIwEN SICZBY TN IfxETTATNMNNRE-ESE
H253REX0IRAc] 2EKEEE FLPSe EFLSESxBIaodIcEFEzs

GEIL9TId0N05 022 {51058 somA0 FEILRoe“ysgLccon-

=5 FOR20gePT 303987 §£<9¢ TalR3a5 gamzzhoD-

Q & xT S 7o Fe a6 4 L]

Gene Name

(57) Abstract: Methods of diagnosing and treating disorders related to excess eosinophil numbers or activity, including but not lim-
ited to asthma, are provided. Also provided are methods of selecting or identifying patients for treatment with certain therapeutic
agents that are TH2 pathway inhibitors.



WO 2015/061441 A1 |IIWAT 00N VAT 0 OO0

—  with sequence listing part of description (Rule 5.2(a))




WO 2015/061441 PCT/US2014/061759

METHODS OF DIAGNOSING AND TREATING EOSINGPHILIC HSORDERS

CROSS REFERENCE TO RELATED APPLICATION

HHED Y This application clatms 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
HHED The mstant application contains a Sequence Listing which has been subroitted via
EFS-Web and s hereby incorporated by reference in s entirety. Said ASCH copy, created
on October 3, 2014, s named PS6RIRT-WO SLixt and 15 25,035 bytes in size,

FIELD

{6603} 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 THZ pathway inhibitors.

BACKGROUND

{8604} Asthma is a comaplex disease with increasing worldwide incidence. Among other
events, cosinophilic inflammation has been reported in the airways of asthroa patiends, The
pathophysiology of the discase is characterized by variable airflow obstraction, atrway
inflanuoation, mucus hypersecretion, and subepithelial fibrosis. Clindeally, paticnts may
present with cough, wheerzing, 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 current therapies.

HHEIRY A plethora of drugs are on the market or in development for treating asthma.
Targets for asthma therapy inchude eytokines such as 113, 1L-17, H.-5, and 11-4 as well as
targets associated with allergy such as g, Exemplary therapeutic mwolecules on the market
and therapeutic candidates in development for the treatmoent of asthima include, but are not
himited to, omalizumab (XOLAIR®) (targeting soluble IgE) (see, e.g., Chang et al., J Allergy
Clin Immunol. 117 (6): 120312 (2000); Winchester et al., N, Engl J Med 385 (12 1281-2
(2006); Brodlic et al., drch Dis Child 97 (7 604-9 (2012); Bousquet et al., Chesr 128 (4):
137886 (2004); Schulman, ES, 4m J Respir Crit Care Med. 164 (8 Pt 2 S6-11 (2001 );

Chang et al., ddv Immuncl, 93: 63119 (2007}, lebrikizuraab (targeting H.-13) (see, e.g.,
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Corren et al. (201 1) N Engl J Med 365; 108R-95; Scheerens et al. (2012) Am J Respir Cnit Care
Med 185: A3960; Jia et al. (2012) § Allergy Clin Irnmunol 130: 647-654 ¢1G; WO
2012/083132), mepolizumab (fargeting 1L-5) (see, e.g., Haldar et al, N Engl J Med. 2009
Mar 5;360(101973-84; Nair et al., N Engl J Med, 2009 Mar 5;360(10):985-93; Pavord ot al,,
The Lancer 388 (9842 651-659, dot 10, 1016/80140-6736(12)60938-X), and guilizumab
{targeting membrane-bound IgE) (see, e.g., US patent pub. no. 2013/0243750).

[6606] Althongh human asthma is commonly regarded as an allergic disorder
characterized by type 2 cytokine expression and cosinophilic muflaromation in the atrways, it
is clearly heterogeneous with respect to airway inflammation. Genomic approaches have
identified heterogeneous gene cxpression patterns in asthmatic airways corresponding to the
degree of type 2 cytokine expression and eosinophilic inflammation. These gene expression
patierns have led to the identification of candidate biomarkers of cosinophilic airway
inflanuoation that do not require bronchoscopy or sputum induction. Candidate biologic
therapies targeting mediators of type 2 airway inflammation have progressed through clinical
studics 1n paticnts with moderate-severe asthma in recent years, Serum periostin, fractional
exhaled nitric oxide (FExo), and 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 IL-13, TL-S, and Igl. Arron
etal, 2013, DO 10.1513/Annals ATS.201303-047AW.

{6807] Although such biomarkers as discussed above have demonsivated potential for
identifying asthroa patients that may be more fikely to respond to particular therapeuntic
treatments, to date none have been validated and approved for such use by regulatory
authoritics. In addition, the previously wdentificd biomarkers may have certain practical
Limitations and confounding factors associated with their use such as a need for a particular
device 0 measure the biomarker, significant intrapaticnt ot fnterpationt variability, or
biomarker levels that way vary during development {e.g., pediatric levels compared to adult
levels) or may be associated with additional discase states bevond asthma. Also, 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 pationts seek
treatment, there is at present considerable trial and error involved in the search for therapeutic
ageni(s) effective for a particular paticnt. Such trial and crror often involves considerable

tisk and discomfort the the paticnt in order to find the most effective therapy.

Ny
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16608] Thus, there i3 a continuing need to identify new biomarkers that are effective for
determining which asthma patients, and patients suffering with other atopic or cosinophilic
disorders such as, for exanpic but not lirnited to, atopic dermatitis, allergic rhinitis, nasal
polyposis, eosiniophilic esophagitis, hypereosinophilic syndrome, will respond to which
treatment and for incorporating such determinations into more effoctive treatroent 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 identity 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

HHEEY The invention described herein meets certain of the above-described needs and

provides other benefits,

SUMMARY
{6618 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 discase optionally with the THZ2 pathway inhibitor,
HHE Y The methods of treatment and diagnosis as provided herein can be apphed to
patients suffering from asthma, eosinophilic disorder, respiratory disorders, IL-13 mediated
disorder and/or IgH-mediated disorder, or symptoras 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.

66124 According to one embodiment, a paticnt treated according to the methods
provided herein suffers from asthma, an cosinophilic disorder, a respiratory disorder, an [~
13 rocdiated disorder and/or an IgE-mediated disorder, or symptoras 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 s suffering from asthina,
cosinophilic disorder, respivatory disorders, 1L-13 mediated disorder and/or IgE-mediated
disorder, or symptoms related to those disorders, and is 2 years old or older, 12 years old or
older, 18 years old or older, 19 vears old or older, between 2 and 12 years old, between 2 and
17 years old, between 12-17 vears old, between 12 and 1& years old, between 2 and 75 years

old, between 12 and 75 years old, or between 18 and 75 vears old.
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16613] Tn some embodiments, an Fosinophilic Inflaramation Diagoostic Assay (EIDA) 15

provided.
8614} In some ernbodiraents, methods of wWentifying an asthma patient ot 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 Bosinophilic Inflammation Diagnostic
Assay (EIDA), wherein the EIP status indicates that the patient is likely to be responsive to
treatment with the TH2 pathway inhibitor.

6815} In some embodiments, methods of identifying an asthma patient or a respirvatory
disorder patient who is likely to suffer from severe exacerbations are provided. In some
embodiments, the method comprises determining whether the patient is Eostnophilic
Inflammation Positive (EIP) using an Eosinophilic Inflammation DHagnostic Assay (EIDA),
wherein the EIP status indicates that the patient is likely to sufter trom an increase in severe
exacerbations. In some ernbodirnents, the methods comprise obtaining a biclogical sample
frorm the patient, measuring the mRNA level of at least one, at feast two, or at lcast three
markers in the sample selected from CSF1, MEIS2, LGALSI2, IDOI, THRSY, OLIG2,
ALOX1S5, SIGLECS, CCL23, PYROXD2, HSD3R7, SORD, ASB2, CACUNGS, GPR44,
MGAT3, SLC47AL, SMPD3, CCR3, CLC, CYP4F12, and ARTRZ, comparing the mRNA
fevel detected n the sample to a reference level, and predicting that the patient is likely to
suffer from severe exacerbations when the raRNA level measured in the sample is elevated
compared to the reference level, Tn some embodiments, the methods comprise (a) measuring
the mRNA level of at least one, at least two, or at least three markers selected from CSF1,
MEISZ, LGALSE2, IDOL, THBS4, OLIG2, ALOX1S, SIGLECR, CCL23, PYROXD?2,
HSE3B7, SORD, ASBZ, CACNGS, GPR44, MGAT3, SLC4ATAL, SMPD3, CCR3, CLC,
CYP4F12, and ABTRH2 in 2 biological sample from the patient; {b) comparing the mRNA
fevel measured in (8) to a reference level; and (¢) identifying the patient as more likely to
suffer from severe exacerbations when the mRNA level measured in (a) is above the
reterence levell In some embodiments, the rocasuring the mRNA Jevels comprises
amplification. In some embodiments, the measuring the mRNA levels comprises quantitative
PCR. Insome erobodiments, the measuring the mRNA levels comprises amplifying the
mRINA and detecting the amplified prodact, thereby measuring the level of the mRNAL In
some embodiments, the reference level is the median level of the respective markerin a

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

P
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markers are selected from CSFI, MEISZ, CCL23, HSD3BY, SORD, CACNGS, MGATS,
SLC4T7AL and ABTB2, In some embodiments, the at least one, at least two, or at least three
markers are selected from MEISZ, LGALS1Z, iDGT, ALGXIS, SIGLECE, CCL23,
PYROXD2, HSD3RT, CACNGS, and GPR44. In some crnbodiments, the at least one, at
feast two, or at least three markers are selected from CCL23, IDOL, HSD3RY, and CACNGS,
in some embodiments, the at least one, at least two, or three markers are sclected from
CCL23, IDOT, and CACNGS, In some emmbodiments, the at least one, at least two, or three
markers are selected from HSD3B7, SIGLECE, and GPR44. In some embodiments, the at
feast one, at least two, at least three, or four markers are selected from SIGLECE, CCL23,
CACNGS, and GPR44,

[8816] 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 THZ pathway inhibitor
are provided. Tn some embodiments, the method comprises determining whether the patient
is Eosinophilic Inflanunation Negative (EIN} using an Eosinophilic Inflammation Diagnostic
Assay (EIDA), wherein the FIN status indicates that the pationt is less likely to be responsive
to treatment with the TH2 pathway inhibitor.

18617} In some embodiments, methods of monitoring an asthma patient being treated
with a TH2 Pathway inhibitor are provided. In some embodiments, the method comprises
determining whether the patient is Eosinophilic Inflammation Positive (EIP) or Eosinophilic
Toflaromation Negative (EIN) using an Hosinophilic Inflammation Diagnostic Assay (E1IDA),
In some embodiments, the method further comprises determining a treatment regimen for the
THZ pathway iwhibitor. In some such embodiments, the determination of FIP indicates
continuing therapy with the TH2 pathway inhibitor and the determnation of EIN indicates
discontinuing therapy with the TH2 pathway inhibitor,

[6618] In any of the embodiments described herein, the EIDA reay comprise the steps of
a) determining the level of at least one, at least two, or at least three markers selected from
CSFI, MEISZ, LGALS12, IDOIL, THBS4, OLIG2, ALOX1S, SIGLECS, CCL23,
PYROXD2, HSD3B7, SORD, ASB2, CACNGS, GPR44, MGAT3, SLC47AT, SMPD3,
CCR3, CLC, CYP4F12, and ABTBZ 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 instep ajto a
reference fevel In some embodiments, the EIDA further comprises ¢) stratifying said patient
into the category of responder or non-responder based on the comparison obtained in step b,

To some embodiments, a method further comprises selecting a therapy comprising a TH2
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pathway inhibitor if the paticnt is a responder. Tn some of the above emboduments, the EIDA
comprises detormining the fevel of at feast one, at least two, at least three, or four markers
selected from SIGLECSK, CCL23, CACNGS, and GPR44,

(6619} In any of the embodiments described herein, the EIDA may comprise the steps of
a) deterrotning the level of at least one, at least two, or at least three roarkers selected from
CSFI, MEISZ, CCL23, HSDP3BT, SORD, CACNGS, MGATS, SLC47A1, and ABTB2 ina
samyprie obtained from the patient; and b) comparing the levels of the at least one, at least two,
or at least three markers determoined in step a) to a reference level. To some embodiments, the
EIDA further comprises ¢} stratifying said patient into the category of responder or non-
responder based on the comparison obtained 1o step b). In some crobodiments, a macthod
forther comprises selecting a therapy comprising a TH2 pathway inhibitor if the patient is a
responder.

[BG28] In any of the embodiments deseribed 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
MEISZ, LGALSIZ, IDO1, ALOXIS, SIGLECE, CCL23, PYROXDZ, HSD3R7, CACNGS,
and GPR44 in a sample obtained from the patient; and b) cornparing 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 BIDA further corprises ¢) stratitying said patient juto the category of
responder or non-responder based on the comparison obtained o step b). In some
embodiments, 4 method further comprises selecting a therapy comprising & TH2 pathway
inhibitor if the patient s a responder. In some of the above embodiments, the EIDA
comprises determining the level of at foast one, at least two, at least three, or four markers
selected from SIGLECSK, CCL23, CACNGS, and GPR44,

(66211 In any of the embodiments described herein, the EIDA may comprise the steps of
a) deterrotning the level of at least one, at least two, or at least three roarkers selected from
CCL23, IDOT, HSD3B7, and CACNGS i 2 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 fevell Tn some embodiments, the ETDA further comprises ¢ 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.

166221 In any of the embodiments described herein, the EHDA may comprise the steps of

a) determining the level of at least one, at least two, or three markers selected from CCL23,
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DO, and CACNGS i a sample obtained from the patient; and b) comparing the levels of
the at least one, at feast two, or at least three markoers determined in step a) to a reference
fevel. In some embodiments, the EIDA further comprises ¢) stratifying said patient into the
category of responder or non-responder based on the comparison obtained instep b). In
some embodiments, a method further coraprises selecting a therapy comprising a TH2
pathway inhibitor if the patient is a responder.

8623} In any of the embodiments described herein, the EIDA may comprise the steps of
a) deterroining the level of at least one, at least two, or three markers selected from HSD3B7,
SIGLECR, 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 determuned in step a) to a reference
fevel. In some embodiments, the EIDA further comprises ¢) 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.

16634 In some embodiments, methods of predicting the response of a pationt suffering
from asthma or a respiratory disorder to a therapy comprising a TH2 pathway whibitor are
provided. In some embodiments, the method comprises obtaining a biological sample from
the patient and measuring the oRNA level of at least one, at least two, or at foast three
markers in the sample selected from CSFI, MEISZ, LGALSI2, IDOL, THBS4, OLIG2,
ALOX1S, SIGLECR, CCL23, PYROXD2, HSD3RY, SORD, ASB2, CACNGS, GPR44,
MGAT3, SLC4ATAL, SMPD3, CCR3, CLC, CYP4F12Z, and ABTB2. In some embodiments,
the method comprises comparing the mRNA level detected in the sample to a reterence level,
To some embodiments, the method cornprises predicting that the pationt will respond to the
therapy when the mRNA lfevel measured in the sample is elevated corapared fo 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
cmbodiments, the mRNA level of at least one, at least two, at least three, or four markers
selected from SIGLECR, CCL23, CAUNGS, and GPR44 is measurad.

166251 In some embodiments, methods of predicting responsiveness of an asthma patient
ot a respivatory disorder patient to a TH2 pathway inhibitor treatment are provided. u some
embodiments, the method comprises measuring the mRNA level of at least one, at least two,
or at least three markers selected from CSF1, MEISZ, LGALS12, IDOL, THRS4, OLIG2,
ALOXIS, SIGLECE, CCL23, PYROXDZ, HSD3B7, SORD, ASB2, CACNGS, GPR44,
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MGAT3, SLC47AL, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in 3 biological sample
from the patient. In some embodiments, an elevated mRNA level compared to a reference
tevel wdentifies the pationt as one who is likely to respond to the TH2 pathway inhibitor
treatment. 1n some of the above embodiments, the mRNA level of at least one, at feast two,
at feast three, or four markers selected from SIGLECE, CCL23, CACNGS, and GPR44 is
measured.

18626] In some embodiments, methods of wdentifying a patient suffering from asthma or a
respivatory disorder as likely to respond to a therapy comprising a TH2 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, MEISZ, LGALSI2,
IDOL, THBS4, OLIG2, ALOX1S, SIGLECS, CCL23, PYROXD2, HSD3B7, SORD, ASB2,
CACNGS, GPR44, MGATE, SLC47A1L, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 na
biological sample from the patient. Tn some embodiments, the method further comprises
comparing the measured mRNA level to a reference level. In some embodiments,t he method
comprises Wentifying the patient as more likely to respond to the therapy comprising the TH2
pathiway inhibitor when the measured mRNA level is above 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 SIGLECEK, CCL23, CACNGS, and GPR44 1 measured,

88271 In some embodiments, methods of treating patients having asthma or a respiratory
disorder are provided. In some embodiments, the method comprises measuring the aRNA
level of at least one, at least two, or at least three markers selected from CSF1, MEIS2,
LGALSEZ, D01, THBS4, OLIGZ, ALOXAS, SIGLECE, CCLIZ3, PYROXDZ, HSD3RB7,
SORD, ASB2, CACNGS, GPR44, MGAT3, SLC4ATAL, SMPD3, CCR3, CLC, CYP4FI2, and
ABTB? in a biological sample from the patient. In some embodiments, the method
comprises comparing the measured mRNA level 1o a reference level In some embodiments,
the method comprises identifying the patient as more likely to respond a therapy comprising
a TH2 pathway inhibttor when the roeasured raRNA 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 emboduments, the mRNA level of af least one, at least two, at least
three, or four markers selected from SIGLECS, CCL23, CACNGS, and GPR44 is measured.
16638] In some embodiments, a method of treating astha or a respiratory disorder n a

patient comprises administering to the patient a therapeutically effective amount of a TH2
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pathway inhibitor, wherein a biological sample obtained from the patient has been
determined to have clevated mRINA levels of at least one, at least two, or at least three
markers selected from CSF1, MEIS2, LGALSIZ2, IDOL, THRESY, OLIG2, ALOX 1S,
SIGLECS, CCL23, PYROXDZ, HSD3BR7, SORD, ASB2, CACNGH, GPR44, MGATS,
SLCATAL, SMPD3, CCR3, CLC, CYP4F12, and ABTB2. In some of the gabove
embodimenis, elevated mRNA fevels of at least one, at least two, at least threg, or four
markers selected from SIGLECE, CCL23, CACNGS, and GPR44 has been determined.
16629 Tn some embodiments, a method of treating asthma or a respiratory disorder in a
patient comprises administering to the patient a therapentically effective amount of a TH2
pathhway iuhibitor, wherein the patient has been selected for treatruent based on clevated
mRINA fevels in biological sample obtained from the patient of at least one, at least two, or at
feast three markers selected from CSF1, MEIS2, LGALSI2, IDO1, THRES4, OLIG2,
ALOX1S, SIGLECEK, CCL23, PYROXD2, HSD3RT, SORD, ASRB2, CACNGS, GPR44,
MGATS, SLC4ATAL SMPD3, CCRR, CLC, CYP4F12, and ABTB2. In some of the above
embodiments, clevated mRNA fevels of at least one, at foast two, at least three, or four
markers selected from SIGLECR, CCL23, CACNGS, and GPR44 has been determined.
[8838] In any of the methods described herein, the at least one, at least two, or at least
three markers wmay be selected from CSFI, MEIS2, CCL23, HSDIEB7, SORD, CACNGS,
MGAT3S, 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 MFEIS2, LGALSI2, IDOT,
ALOX15, SIGLECSE, CCL23, PYROXDZ, HSD3BR7, CAUNGS, 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, IDO, HED3R7, and CACNGS. Tn any of the methods described

and CAONGS. In any of the methods deseribed herein, the at least one, at least two, or three
markers may be selected from HSD3B7, SIGLECK, and GPR44. In any of the methods
described herein, the at least one, at least two, or at least three markers or four rearkers may
be selected from SIGLECK, CCL23, CAUNGS, and GPR44,

16631 In any of the embodiments described herein, determining the levels of at least one
marker may comprise arnplification. In any of the erobodunents described herein,
determining the levels of at least one marker may comprise RT-PCR. In any of the
embodiments described herein, determaindng the levels of at least one marker may comprise

guantitative PCR. In any of the embodiments described herein, measuring the mRNA levels
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may comprise amplifying the mRNA and detecting the amphified product, thereby measuring
the level of the mRNA,

[8632) In any of the embodiments deseribed 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 reedian level of the
respective roarker in a reference population. In any of the embodiments deseribed 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 veference 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 asthima, healthy individuals,
and a group incloding healthy individuals and patients with asthma. In some embodiments, a
reference population cornprises patients with modcerate to severe asthma. Further nonlimiting
exernplary reference populations include paticots with an cosinophilic disorder (including the
cosinophilic disorders described herein), such as patients with atopic dermatitis, patients with
atlergic rhinitis, paticnts with nasal polyposis, patients with cosinophilic esophagitis, patients
with hyper-eosinophilic syndrome, ete,

(8633} In some embodiments, if the level of at least one marker is above the reference
level, the paticut is stratified into the category of responder. Tn some embodiments, if the
tevel of at least one marker is above the reference level, the patient is Eosinophilic
Inflammation Posttive (EIP).

{6034} Tn some embodiments, the biological sample is selected from blood, serom,
plasma, and peripheral blood mononucieocytes (PBMCs). In some embodiments, the
biological sample 1s PBMCs. In sorne embodiments, the biological sample 1s obtained from
an asthma patient. In certain embodiments, the patient according to the methods described
above s suffering from moderate o severe asthina. To cortain crobodiments, the asthma or
respiratory disorder 18 uncontrolled on a corticosteroid. In certain embodiments, the
corticosteroid is an inhaled corticosteroid. In certain embodiments, the inhaled corticosteroid
is Qvar®, Pulmicort®, Symbicort®, Acrobid®, Flovent®, Flonase®, Advair® or
Azmacort®, In one cmbodiment, the patient is also being treated with a second controller.

I 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 muscarinuc antagonist (LAMA), theophylline, or oral

-
-
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corticosteroids {OCS). In certain embodiments, the LABD is Symbicort®, Advau®,
Brovana®, Foradil®, Perforomist ™ or Serevent®.

[3835] In any of the crubodiments described herein, the patient may be 0-17 vears old, 2-
17 years old, 2-6 vears old, 6-11 years ofd, 8-17 years old, 12-17 years oid, 2 years old or
older, 6 years old or older, or 12 years old or older. In sore embodiments, the paticnt is 12
vears or older. In any of the embodiments deseribed herein, the patient may be a human,
[8836] In any of the embodiments described herein, the TH2 pathway inhibitor may
inhibit the target ITK, BT, 1L-9 (e.g.,, MEDI-528), IL-5 {e.g., Mepolizumab, CAS No.
196078-29-2; resilizumab), IL-13 {e.g., IMA-026, IMA-63K (also referred to as,
anrukinzumab, INN No. 910649-32-0; QAX-576; 1L4/1L13 trap), tralokinumab (also referred
to as CAT-354, CAS No. 1044515-88-9); AER-001, ABT-308 {also referred to as humanizod
13C5.5 antibody), 1L-4 (e.g., ABR-O01, [L4/ILE3 trap), OX40L, TSLP, 1L-25, [L-33 and IgE
{o.g., XOLAIR, QGE-031; MEDIL-4212; quilizumab); and receptors such as: [L-9 receptor,
IL-5 receptor (g.g., MEDI-563 (benralizumab, CAS No. 1344511-81-43, [L-4receptor alpha
{e.g., AMG-317, AIR-645, duptlurmab), {L-13receptoralphal {e.g., R-1671) and 1L~
{3receptoralpha2, OX40, TSLP-R, 1L-TRalpha {(a co-receptor for TSLP), IL17RB (receptor
for 11.-25), ST2 (receptor for IL-33), CCR3, CCR4, CRTH2 (e.z., AMG-853, AP768, AP-
761, MLN6GGS, ACTI12996R), FeepstlonRI, FeepsilonRIVCD23 (receptors for fgh), Flap
{e.g., GSK2Z1909135), Syk kinase (R-343, PF3326209); CCR4 {AMG-761), TLRS (QAX-
0353, or is a multi-cytokine inhabitor of CCR3, 15, L3, GM-CSF (e.g., TP ASME).

186637} To any of the embodiments described herein, the TH2 pathway inhibitor may be an
anti-fL13/1L4 pathway inhibitor or an anti [gF binding agent. In any of the embodiments
described herein, the TH2 pathway inhibitor may be an anti-11-13 antibody. In certain
embodiments, the anti-IL-13 antibody is an antibody comprising a8 VH comprising a sequence
selected from SEQ 13 NOs: 9, 19, and 21, and VL coraprising & sequence selected from SEQ
12 NO: 16, 20, and 22, an anti-1L13 antibody comprising HVRHIE, HVRH2, HVRH3,
HVRLI, HVRLZ, and HVRL3, the respective HYRs having the amino acid sequence of SEQ
IDNG.: U], SEQID NO: 12, SEQ IDNO.: 13, SEQ ID NO: 14, SEQ ID NQ.: 1S, and SEQ
13 NG 16 or lebrikizumab.

[BG3E] In some ernbodiraents, the patient is administered a flat dose of 37.5 mg, or 125
mg or 250 myg every four weeks. In some embodiments, the anti-TL-13 antibody s
administered subcutaneously. In some embodiments, the anti-1L-13 antibody is administered

using a prefilled syringe or autoinjector device.
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16639} To certain emboduments, the anti-IL-13 antibody is a bispecific antibody. In
certain embodiments, the anti-1L-13 antibody is a bispecific antibody that also binds L4,
[3048] In any of the crubodiments 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-M 1 antibody comprising a variable heavy chain and a variable light chain,
wherein the variable heavy chain is SEQ 1D NO: 1 and the variable light chain is SEQ ID
NO:2 or (1) an anti-M17 antibody comprising a variable heavy chain and a variable light
chain, wherein the variable heavy chain further comprises an HVR-HE, HVR-HZ and HVR-
H3, and the variable light chain further comprises and HVR-L1, HVR, L2 and HVR-L3 and:
(a)the HVR-H1 has the sequence of SEQ 1D NO: 3 {GFTFSDYGIAL (b) the HVR-H2 hag
the sequence of SEQ T NOG: 4 [AFISDLAYTIVYADTVTG] (o) the HVR-H3 has the
sequence of SEQ I NO: § [ARDNWDAMDY; (d) the HYR-L1 has the sequence of SEQ
D NO: 6 [RSSGSLVHNNANTYLHE (o) the HVR-L2 has the sequence of SEQ D NO: 7
[KVSNRFS]; () the HVR-L3 hag the sequence of SEQ ID NO: R [SONTLVPWTL. In some
embodiments, the anti-IgE antibody is an anti-M 1 antibody.

(3041 In some embodiments, the anti-M 1 antibody is administered subcotancously ata
flat dose of 150 mg once every 12 weeks, 300 mg once every 4 weeks or 450 mg once every
12 weeks, Tn some embodiments, the anti-M1’ anttbody 18 administered subcutancously at a
flat dose of 150 mg once every 12 weeks. In some embodiments, the anti-M1’ antibody s
administered subcutancously at a flat dose of 450 mg once every 12 weeks. i some
embodiments, an additional dose of the anti-M17 antibody is administered subcutancously
four weeks after admunistration of an initial dose,

[60342] In one erobodument, a patient treated with a TH2 pathway inhibitor according to
this invention is also treated with one, two, three or more therapeutic agents. In one
embodiment, the paticnt is an asthma patient. According to one embodiment, the patient is
treated with the TH2 pathway inhubitor and one, two, three or raore therapeutic agents,
wherein at least one therapeutic agent, other than the THZ inhibitor, is a corticosteroid, a
feukotriene antagonist, a LABA, a corticostoroid/LABA combination conmposition, a
theophylline, cromolyn sodium, nedocromil sodium, omalimimab, a LAMA, a MABA, 2 §-
Lipoxygenase Activating Protein (FLAP) inhibitor, or an enzyme PDE-4 inhubitor.
According to one aspect of the invention, a TH2 pathway inhibitor s administered to an
asthma patient diagnosed as EIP status, wherein the diagnosis comprises the use of an EID

assay {alone or in combination with other assays) to determine the EIP status. In one further
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embodiment, the asthma patient is uncontrolied 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 s a corticostercid, a LABA or a leukotriene antagonist. In
a further embodiment, the asthma patient is suffering from moderate 1o severe asthma. Thus,
in one embodiment, the patient to be treated with the TH2 pathway inhibttor 18 2 moderate to
severe asthma patient who s uncontrolied on a corticosteroid prior to treatment with the TH2
pathhway fuhibitor, and then is reated with the TH2 pathway inhibitor and one, two, three or
more controllers. In one embodiment, at least one of the controliers 18 4 corticosteroid. Insa
further crmbodiment, such patient is treated with a TH2 pathway inhibitor, a corticosteroid
and another controller. In another embodiment, the pationt is sutfering from mild asthia but
is not being treated with a corticosieroid. It should be understood that the therapeutic agents
may have difforent froatment cyeles as compared with the TH? inhibitor and, consequently
can be administered at different times compared to the TH2 inhibitor as a part of the patient’s
treatment. Therefore, according to one embodiment, a method of treatment according to this
imvention comprises the steps of administering to a patient a TH2 pathway nhibitory and
optionally, administering at least one, two or three additional therapeutic agents. In one
embodiment, the TH2 pathway inhiibitor is present fn a composition with another therapeutic
agent. In another embodiment, the THZ pathway inhibitor is not present in a composttion
with another therapeutic agent.

B043] According to another embodiment, the invention coraprises 8 method for treating
asthma comprising administering an anti-1L-13 antibody comprising a VH comprising a
sequence selocted from SEQ D NOUs: 9, 19, and 21, and VL comprising a seguence selected
from SEQ ID NO: 10, 20, and 22; an anti-1L13 antibody comprising HVRH1, HVRHZ,
HVRH3, HVRLI, HVRLZ, and HVRL3, wherein the respective HVRSs have the amino acid
sequence of SEQ ID NO. T SEQ IDNO.: 12, SEQ ID NG 13, SEQ ID NQO.: 14, SEQ ID
NO.: 15, and SEQ ID NO.: 16; or lebrikizumab; as a flat dose. In one embodiment an anti-
1113 antibody comprising 8 VH comprising a sequence selected from SEQ 1D NOs: 9, 19,
and 21 and VL comprising a sequence selected from SEQ ID NG 18, 20, and 22 1
administered as a tlat dose (1.¢., not weight dependent) of between 125-1000 myg, or a flat
dose of 37.5 mg, or a flat dose of 125 myg, or a flat dose of 250 myg, or a flat dose of S00 mg,
by subcutancous 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-1L13 antibody

comprising HVRHT, HVRHZ, HVRH3, HVRLT, HVRL2, and HVRL3, the respective HVRs

-
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having the amine acid sequence of SEQ ID NG 1, SEQ D NG.: 12, SEQ D NQ.: 13, SEQ
NG 14, SEGQ ID NG 15, and SEQ 1D NOL: 16 is administered as a flat dose {i.¢., 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 subcutancous injection or by
itravenous mjection, at a frequency of time sclected from: every 2 weeks, every 3 weeks,
and every 4 weeks. In one embodiment, the anti-1L13 antibody is lebrikizamab, which s
administered as a flat dose (L.¢., not weight dependent) of between 125-1000 mg, or a flat
dose of 37.5 myg, or a flat dose of 125 myg, or a flat dose of 2530 mg, or a flat dose of 500 mg,
by subcutaneous injection or by intravenous injoction, at a frequency of time selected fronu
every 2 weeks, every 3 weeks, and every 4 weeks. In some embodiments, the patient is
diagnosed with EIF uysing an EID Assay described herein.

1683441 According to another embodiment, an antibody comprising VH comprising 2
sequence selected frora SEQ TD NQs: 9, 19, and 21, and VL comprising a sequence selected
from SEQ HD NG 10, 20, and 22 is administered to treat asthma in a therapeutically effective
amount sutficient o reduce the rate of exacerbations of the patient over time or improve
FEV:. In yet another embodiment, the invention comprises a method for treating asthma
comprising administering an andi-1L-13 antibody coraprising a VH comprising a sequence
selected from SEQ ID NGs: 9, 19, and 21, and VL comprising a sequence selected from SEQ
I NG: 10, 20, and 22 or an anti-TL13 antibody comprising HVRHI, HVYRH2, HVRH3Z,
HVRLI, HVRL2, and HVRL3, the respective HVRs having the amine acid sequence of SEQ
ID NG 1, SEQID NO.: 12, SEQ IDNO.: 13, SEQ ID NO.: 14, SEQ ID NO.: 15, and SEQ
1D NO.: 16 as a flat dose (1.e., not weight dependent) of 37.5 myg, or a flat dose of 125 mg, or
a flat dose of 25¢ mg. In certain embodiments, the dose is administered by sabcutansous
mjection once every 4 weeks tor a period of time. o certain embodimuents, the period of tirae
is 6 yoonths, one year, two years, five years, ton years, 15 vears, 20 years, or the lifetime of
the patient. In certain embodiments, the asthia is severe asthina and the paticnt is
madequately 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 treatroont with an anti-HL13
antibody as described above. In another embodiment, the method comprises treating an
asthma patient with an anti-fL13 antibody as described above where the patient was
previcusly diagnosed with EIP status using an EID Assay described herein to determine EIP

status. fn one embodiment, the asthma patient is age 18 or older. In one embodiment, the
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asthma patient is age 12 10 17 and the anti-IL13 is adrmnistered in as a flat dose of 250 yog or
a flat dose of 125 mg. In one cmbodiment, the asthima patient is age 6 to 11 and the anti-IL13
antibody 1s administered in as 8 flat dose of 125 mg or a {lat dose of 62.5 mg.

[8845] The present invention provides a therapeutic agent that is a TH2 pathway inhibitor
for use in treating asthima or a respiratory disorder in a patient, whercin the patient 6 EIP. In
some embodiments, the target for inhibition in the TH2 pathway is selected frooy 1L-9, TL-5,
E-13, 1L-4, OX40L, TSLP, 11-25, 11-33 and [gF; and receptors such as: H.-9 receptor, 1L-3
receptor, IL-dreceptor alpha, 1L-13receptoralphal and IL-13receptoralpha?, OX40, TSLP-R,
{L-7Ralpha {(a co-receptor for TSLP), IL17RB (receptor for IL-25), 8T2 (receptor for 1L-33),
CCR3, CCR4, CRTH2, FeepsilonRI and FeepslouRIVCD23 (receptors for fgh). In one
embodiment, the patient to be treated according to the methods of the present invention i
suffering from mild to severe asthima, optionally moderate to severe asthima, and whose
asthma 1s ancontrolied on a corticostercid. In some embodiments, the patient to be treated in
addition to having elevated lovels of at least one, at least two, or at least three markers
selected from CSF1, MEISZ, LGALSI2, IDOL, THRS4, OLIG2, ALOXI1S, SIGLECS,
CCL23, PYROXDZ, HSD3B7, SORD, ASB2, CACONGS, GPR44, MGAT3, SLC4ATAL,
SMPD3, CCR3, CLC, CYP4F12, and ABTB2, or at least one, af Teast two, or at least three
markers selected from CSF1, MEIS2, CCL23, HSD3B7, SORD, CACNGH, MGATS,
SLC47AL and ABTB2, or at least one, at least two, or at feast three markers selected from
MEISZ, LGALSE2, IDO, ALOXIS, SIGLECR, CCL23, PYROXD?2, HSD3B7, CACNGS,
and GPR44, or at least one, at least two, or at least three markers selected from CCL23,
1DO1, HSD3RY, and CACNGS, or at least one, at Toast two, or all three markers selected
from CCL23, IDOT, and CACNGS, or at least ong, at least two, or all three of the markers
selected from HSD3RY, SIGLECE, and GPR44, or at least one, at least two, at least three, or
all four markers selected from SIGLECR, CCL23, CACNGS, and GPR44, has a FEy, level
greater than 21 ppb, or greater than 35 ppb.

[8046] 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, MEISZ, LGALS12, IDO, THBS4,
OLIGZ, ALOXIS, SIGLECE, CCL2Z3, PYROXDZ, HSD3IB7, SORD, ASBZ, CACNGS,
GPR44, MGAT3, SLC47AL, SMPD3, CCR3, CLC, CYP4FI2, and ABTB2 1 a sample
obtained from an asthima patient for stratifving/classifying asthma patients into likely
responders and non-respouders for therapeutic treatment with a TH2 pathway inbibitor, In

certain embodiments, the use comprises the steps of: (a) determining the levels of at least
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one, at least two, or at least three markers selected from CSFI, MEISZ, LGALS1Z, 1IDOT,
THBS4, OLIGZ, ALOX1S, SIGLECE, CCL23, PYROXD2, HSB3B7, SORD, ASBZ,
CACNGS, GPR44, MGATI, SLC4TAL, SMPD3, CCR3, CLC, CYP4FI2, and ABTB2 ina
samyrie obtained from an asthina patient; (b} comparing the levels of the one or more markers
deterrained in step (a) to a reference level; and (¢) stratifying said pationt into the category of
responder or non-responder based on the comparison obtained n step (b,

186471 In another aspect, uses of a kit for measuring the lovels of at least one, at least
two, or af least three markers selected from CSF1, MEIS2, CCL23, HSD3B7, SORI,
CACNGS, MGATS, SLC47AL, and ABTBZ in a sample obtained from an asthma patient for
stratifving/classitying asthima patients into likely responders and non-responders for
therapeutic treatment with a TH2 pathway inhibitor. In certain embodiments, the use
comprises the steps oft (a) determining the fovels of at least one, at least two, or at least three
markers selected from CSF1, MEISZ, CCL23, HSD3IR7, SORD, CACNGS, MGATS,
SEC4T7AL, and ABTBZ in a sample obtained from an asthima patient; (b) comparing the
fevels of the one or more markers determuned in step (a) to a reference level; and {¢)
stratifying said patient into the category of responder or non-responder based on the
comparison obtained in step (b},

160648] To avother aspect, uses of a kit for measuring the levels of at least one, at least
two, or at feast three markers selected from MEISZ, LGALSIZ, IDGT, ALOXIS, SIGLECS,
CCL23, PYROXD2, HSD3RY, CACNGS, and GPR44 in a sample obtained from an asthiea
patient for stratifving/classifying asthma patients into likely responders and non-responders
for therapeutic treatment with a TH2 pathway inhibttor. In certain embodiments, the use
comprises the steps of: {a) determiniog the levels of at least one, at least two, or at least three
markers selected from MEISZ, LGALSIZ, DO, ALOX1S5, SIGLECE, CCL23, PYROXD2,
HSD3EBT, CACNGS, and GPR44 i a sarnple obtained from an asthma patient; (b) comparing
the levels of the one or more markers determined in step (8) to a reference level; and (©)
stratifying said patient into the category of responder or non-responder based on the
comparison obtained in step (b

16049 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, D01, HSD3BT, and CACNGS, or uses
of a kit fro measuring the levels of at least one, at least two, at least three, or all four markers
selected from SIGLECR, CCL23, CACNGS, and GPR44 in a sample obtained from an

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

16
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responders for therapeutic treatment with a TH2 pathway inhibitor. In certain embodiments,
the use comprises the steps oft (3) determining the levels of at least one, at least two, or at
teast three markers selected from CCL23, IBOL, HSD3RBT, and CACNGS, or determining the
levels of at least one, at least two, at feast three, or all four markers selecied from SIGLECS,
CCL23, CACNGH, and GPR44 in a sample obtained from an asthroa patient; {(b) comparing
the levels of the one or more markers determined in step (8) to a reference level; and (©)
stratifying said patient into the category of responder or non-responder based on the
comparison obtained 1o step (b,
88381 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 CACNGS, or uses of a ky for
measuring the levels of at least one, at feast two, at least three, or all four markers selected
from SIGLECSE, CCL23, CAUNGS, and GPR44 in a sample obtained from an asthma patient
for stratifying/classifying asthma patients into likely responders and non-responders for
therapeutic treatmaent with a TH2 pathway imhibitor. In certain embodiments, the use
comprises the steps oft (a) deternuning the lovels of at least ong, at least two, or all three
markers selected from CCL23, 1RO, and CACNGS, or determining the levels of at feast one,
at least two, at least three, or all four markers selected from SIGLECS, CCL23, CAUNGS,
and GPR44 in a sarople obtained from an asthma patient; (b) cornparing the levels of the one
or more markers determined in step (a) to a reference level; and (¢} stratifying said patient
into the category of responder or non-responder based on the comparison obtained in step (b).
16051 In another aspect, uses of a kit for measuring the levels of at least one, at least
two, or all three markers selected from HSD3RB7, SIGLECE, and GPR44 in a sample obtained
from an asthma patient for stratifving/classifving asthroa patients into hikely responders and
non-responders for therapeutic treatroent with a THZ pathway inhibitor. In certain
embaodirents, the use comprises the steps of: {(a) determining the levels of at Jeast one, at
feast two, or all three markers selected from HSD3R7, SIGLECK, and GPR44 in a sample
obtained from an asthima patient; (b) comparing the levels of the one or more markers
determined in step (a) to a reference level; and {¢) stratifying said patient into the category of
responder or non-responder based on the comparison obtained in step (b},
[BBS2] In any of the embodiments deseribed herein, determining the levels of at least one
marker may comprise amplification. In any of the embodiments described herein,
deterraining the levels of at least one marker may comprise RT-PCR. Inany of the

embodiments described herein, determining the levels of at least one marker may comprise
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quantitative PCR. In any of the embodiments described herein, measaring the aRNA levels
may comprise amplifving the mRINA and detecting the amplified product, thereby measuring
the level of the mRNA,

[6853] in some embodiments, a reference level of a marker is the median Jevel of the
marker in 4 reference population. In any of the embodiments described herein, the reference
tevel may be the rean 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
mdividuals and paticnts with asthma. In some ershodirsents, a reference population
comprises patients with moderate to severe asthma. Further nonlimiting exemplary reference
populations include patients with an cosinophilic disorder (including the cosinophilic
disorders described herein), such as paticnts with atopic dermatitis, patients with allergic
rhinitis, patients with nasal polyposis, patients with cosinophilic esophagitis, patients with
hyper-cosinophilic syndrome, cte.

[EHEREY In some embodiments, if the level of at least one marker is above the reference
tevel, the patient is stratified into the category of responder. In some embodiments, if the
level of at least one marker 1s above the reference level, the patient 1s Eosinophilic
Inflammation Positive (EIP),

EHERRY In some ernbodimaents, the biological sample s selected from blood, serum,
plasma, and peripheral blood mononucieocytes (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 1s suffering from moderate to severe asthma, In certain embodiments, the
asthma or respiratory disorder s uncontrolled on a corticosteroid. In certain embodimoents,
the corticosteroid 18 an inhaled corticosteroid. In certain embodiments, the inhaled
corticosteroid is Qvar®, Pulmicort®, Symbicort®, Acrobid®, Flovent®, Flonase®, Advair®
or Azmacort®, To one embodiment, the patient 18 also being treated with a second controlier,
In certain embodiments, the second controller is a long acting bronchial difator (LABDY. In
certain embodiments, the LABD 1s a long-acting beta-2 agonist (LABA), lenkotriene receptor
antagonist (LTRA), long-acting muscarinic antagonist {LAMA), theophylline, or oral
corticosteroids (OCS). In certain embodiments, the LABD s Symbicont®, Advair®,

: I
Brovana®, Foradil®, Perforomist’ ™ or Serevent®,
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16656] To certain embodiments, the TH2 pathway inhibutor according to the uses above
inhibits the target {TK, BTK | 1L-6 {c.g., MEDIL-528), 11-5 {e.g., Mepolizumab, CAS No.
196078-29-2; resitizumab), TL-13 (e.g., IMA-026, IMA-63R8 (also referred to as,
anrukinzumab, INN No. 81(649-32-0; QAX-S576; IL4/1L13 trap), tralokinumab (also referred
1o as CAT-354, CAS No. 1044515-88-9); AER-001, ABT-308 (also referred 1o as humanized
£3C5.8 antibody), TL-4 (o.g., AER-OG1, TL4/TLI3 trap), OX40L, TSLP, IL-25, IL-33 and Igk
{e.g., XOLAIR, QGE-031; MEDI-42172; quilizumab); and receptors such as: 1L-9 receptor,
IL-§ receptor (e.g., MEDI-563 (benralizumab, CAS No. 1044511-01-4), [L-4receptor alpha
(e.g., AMG-317, AIR-645, dupifumab), IL-13receptoraiphal {c.g., R-1671) and 1L-

I 3receptoralpha?, OX40, TSLP-R, 1L-7Ralpha (a co-receptor for TSLP), HLITREB (veceptor
for IL-25), 8T2 (receptor for [L-33), CCR3, CCR4, CRTH2 (e.g., AMG-853, AP76R, AP-
761, MLNOGOS, ACT129968), FeepsilonRd, FeepsilonRIVCDZ3 (receptors for fgh), Flap
{e.g., GSKZI909135), Syk kinase (R-343, PF3526299); CCR4 (AMG-761), TLRS (QAX-
9353, or is 3 multi-cytokine inhibitor of CCR3, 115, IL3, GM-CSF (e.g., TPI ASME),

{60571 Tn any of the embodiments described herein, the TH2 pathway inhibitor may be an
anti-1L13/TL4 pathway inhibitor or an anti IgF binding agent. In any of the emboduments
described herein, the TH2 pathway inhibitor may be an anti-{L-13 antibody. In certain
embodiments, the ani-1L-13 antibody is an antibody comprising 8 VH comprising a sequence
selected from SEQ 1D NOs: 9, 19, and 21, and VL comprising a sequence sclected from SEQ
D NO: 10, 20, and 22, an andt-1L13 antibody comprising HVRHE, HVRH2, HVRHS3,
HVRLI, HVRE2, and HVRL3, the respective HVRs having the aming acid sequence of SEQ
IDNO: UL SEQID NO: 12, SEQ IDNO. 13, SEQ D NO 14, SHQ D NQO.: 1S, and SEQ
T NGO 16 or lebrikizamab.

HIREY In certain embodiments, the anti-IL-13 antibody is a bispecific antibody. In
certain embodiments, the anti-{L-13 antibody is a hispecific antibody that also binds L-4,
[B059] In any of the cruboduments described herein, the TH2 pathway inhibitor may be ap
anti-1gE antibody. In certain embodiments, the anti-IgE antibody is (1) the XOLAIR®
antibody, (i) anti-M 1’ antibody comprising a variable heavy chain and a variable light chain,
wherein the variable heavy chain is SEQ ID NO:1 and the variable light chain is SEQ 1D
NG:2 or (1) an anti-M 1’ antibody coraprising a variable heavy chain and a variable hight
chain, wherein the variable heavy chain further comprises anp HVR-HI, HVR-H2 and HVR-
H3, and the variable light chain further comaprises and HVR-L1, HVR, L2 and HVR-L3 and:
{a) the HVR-HI has the sequence of SEQ 1D NO: 3 [GFTFSDYGIAT (b) the HVR-H2 has
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the sequence of SEQ TR NO: 4 [AFISDLAYTIYYADTVTG]; (o) the HVR-H3 has the
sequence of SEQ I NO: S TARDNWDAMDY L (d) the HVR-L1T has the sequence of SEQ
D NG 6 [RSSGSLVHNNANTYLHL (o) the HVR-L2 has the sequence of SEQ D NG 7
[KVSNRFS]; (f) the HVR-L3 has the sequence of SEQ ID NGO 8 [SQNTLYVPWTL In some
embodiments, the anti-igh antibody is an anti-M 1’ antibody.

6868} In any of the eruboduments described berein, the patient may be §-17 years old, 2-
17 years old, 2-6 years old, 6-11 years old, 8-17 years old, 12-17 years oid, 2 years old or
older, 6 years old or older, or 12 years old or older. Tn some embodiments, the patient is 18
vears or older. In any of the embodiments described herein, the patient may be 8 human.
180661 In yet another aspect, kits for measuring the levels of at east one, at least two, or
at feast three markers selected from CSF1, MEISZ, LGALSTZ, IDO, THBS4, OLIG2,
ALOGXIS, SIGLECE, CCL23, PYROXD?Z, HSD3B7, SORD, ASB2Z, CACNGS, GPR44,
MGATI, SEC4TAL SMPD3, CCR3, CLC, CYP4F12, and ABTR2 in a biological sample
obtained from an asthma patient or a patient suffering from a respiratory disorder are
provided. In somue embodiments, the kit comprises instructions for (1) measuring the mRNA
tevels of the at least ong, at least two, or at least three arkers, (i1) compariog the levels of
the at fcast one, at least two, or at least three markers to a reference fevel, and (1) 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 CSFI,
MEISZ, LGALSI2, IDO1, THRS4, OLIG2, ALOXIS, SIGLECR, CCL23, PYROXD2,
HSE3R7, SORD, ASBZ, CACNGS, GPR44, MGAT3, SLC4TATL, SMPD3, CCR3, CLC,
CYP4F12, and ABTB? or a portion thercof. Tn certain embodiments, the kit comprises a
package insert containing information describing the uses provided above.

{8662} In yet another aspect, kits for measuring the levels of at feast one, at least two, or
at feast three markers selected from CSFI, MEISZ, CCL23, HSD3RB7, SORD, CACNGS,
MGAT3, SLC47A1, and ABTB2 in 2 biclogical sample obtained from an asthma patient ora
patient suftering from a rospiratory disorder are provided. Tn some embodiments, the kit
comprises instructions for (1) measuring the mRNA levels of the at least one, at least two, or

at least three markers, (i1) comparing the levels of the at least one, at least two, or at lcast

.....
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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
feast two, or at least three markers sclected from CSFY, MEISZ, CCL23, HSD3IB7Y, SORD,
CACNGS, MGAT3, SLC47A1, and ABTRZ or a portion thereof. In certain embodiments, the
kit coraprises a package insert containing inforreation describing the uses provided above.
16663] To yet another aspect, kits for measuring the levels of at feast one, at least two, or
at ieast three markers selected from MEISZ, LGALSIZ, IDOY, ALOXIS, SIGLECYE, CCL23,
PYROXDZ, HSD3RT, CACNGS, and GPR44 in a biclogical sample obtained from an asthma
patient or a patient suffering from a respiratory disorder are provided. In some embodiments,
the kit comprises instructions for (1) measuring the mRNA levels of the at least one, at least
two, or at feast three markers, (it} comparing the levels of the at least one, at least two, orat
feast three markers to a reference level, and (i) 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 mucleic 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, al
feast two, or at least three markers selected from MEIS2, LGALSIZ, IDO1, ALOX1S,
SIGLECR, CCL23, PYROXDZ, HSD3RT, CACNGS, and GPR44 or a portion thereof. In
certain embodiments, the kit comprises a package insert containing information describing
the uses provided above.

jB064] In yet another aspect, kits for measuring the levels of at least one, at least two, or
at least three markers selected from CCL23, IDO1, HSD3B7, and CACNGS, or kits for
measuring the leels of at least one, at Teast two, at least three, or all four markers selected
from SIGLECR, CCL23, CAUNGS, and GPR44 in a bioclogical sample obtained from an
asthma patient or a pationt suffering from a respivatory disorder are provided. In some
embodiments, the kit comprises instractions for (1) measuring the mRNA levels of the at least
one, at least two, or at least three markers, (1) comparing the levels of the at least one, at least
two, or at least three markers to a reference level, and (11t) 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 fivst nucleic acid molecules that

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

i
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the at east 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, 1DO1, HSD3B7, and
CACNGS or a portion thereof, or at least one, at least two, or at least three selected from
SIGLECE, CCL23, CACNGH, and GPR44 or a portion thereof, In certain embodiments, the
kit comprises a package insert confaining information describing the uses provided above.
[B3065] In yet another aspect, kits for measuring the levels of at least one, at least two, or
all three markers selected from CCL23, DO, and CACNGS in a biclogical sample obtained
from an asthma paticnt or 4 paticnt suffering from a respivatory disorder ave provided. In
some embodiments, the kit comprises instructions for (i) measuring the mRNA levels of the
at least one, at least two, or at Jeast three markers, (1) comparing the levels of the at least ong,
at least two, or at least three markers t¢ a reference level, and (ii1) stratifying said patient nto
the category of responder or non-responder based on the corparison. In some embodiments,
the kit comprises at least one, at least two, or at least three fivst nocleic 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 CCL2Z3, DO, and CACNGS or a portion
thereof. In certain erabodiments, the kit comprises a package insert containing information
describing the uses provided above.

j(366] In yet another aspect, kits for measuring the levels of at least one, at least two, or
all three markers selected frormn HSD3BY, SIGLECR, and GPR44 in a biological sample
obtained from an asthma patient or a patient suffering from a respiratory disorder are
provided. In somue embodiments, the kit comprises instructions for (1) measuring the mRNA
tevels of the at least ong, at least two, or at least three markers, (1) comparing the levels of
the at least one, at least two, or at least three markers to a reference level, and (i) 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 roolecules that hybridize to at foast 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 HSD3R7,
SIGLECR, and GPR44 or a portion thercof. In cortain embodiments, the kit cornprises a
package insert containing information describing the uses provided above.

166671 T still vet another aspect, kits for diagnosing an asthroa subtype in a patient are

provided, the kits comprising: (1) determaining the levels of at least one, at least two, or at
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least three markers selected from CSF1, MEISZ, LGALSI2, IDOL, THRESY, OLIG2,
ALOGXIS, SIGLECE, CCL23, PYROXD?Z, HSD3B7, SORD, ASB2Z, CACNGS, GPR44,
MGATS, SLC47A L SMPD3, CCR3, CLC, CYP4F12, and ARTB2 in a serumn sample
obtained from the patient; and (2} instructions for measuring the levels of the at least one, at
feast two, or at least three markers selected from CSFI, MEISZ, LGALSIZ, IDOL, THRSY,
OLIGZ, ALOXIS, SIGLECK, CCL23, PYROXDZ, HSB3IRB7, SORD, ASB2, CACNGS,
GPR44, MGAT3, SLC47AL, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 in the serum
samaple, wherein the elevated expression levels of any one, combination or all of said markers
is indicative of the asthma subtype,

[B068] 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
{east three markers selected from CSF1, MEIS2, CCLZ3, HSD3R7, SORD, CACNGS,
MGAT3, SLC47A1, and ABTB? 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 feast three markers
selected from CSF1, MEISZ, CCL23, HSD3R7, SORD, CACNGS, MGATS, SLC47AL, and
ABTB2 in the serum sample, wherein the elevated expression levels of any one, combination
or all of said markers i indicative of the asthma subtype.

[B369] o still vet another aspect, kits for diagnosing an asthroa subtype in a patient are
provided, the kits comprising: (1) determining the lovels of at least one, at least two, or at
teast three markers selected from MEISZ, LGALSI2, IDOL, ALOXIS, SIGLECS, CCL23,
PYROXD?2, HSE3B7, CACNGS, and GPR44 in a serum sample obtained from the patient;
and (2) nstructions for measuring the levels of the at least one, at least two, or at least three
markers selected from MEISZ, LGALSI2, IDOL, ALOX1S, SIGLECR, CCL23, PYROXDZ,
HSD3RT, CACNGS, and GPR44 in the serum sample, wherein the elevated expression fevels
of any one, combination or all of said mearkers is indicative of the asthma subtype.

HHEH 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
teast three markers selected from CCLZ3, IDOT, HSD3R7, and CACNGS in a serum sample
obitained from the patient; and (2} instructions for measuring the levels of the at least one, at
teast two, or at feast three markers selected from CCL23, IDO1, HSD3RY, and CACNGS in
the serum sample, wherein the elevated expression levels of any one, combination or alt of

said markers is indicative of the asthma subtype.
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16671 T still vet another aspect, kits for diagnosing an asthroa subtype in a patient are
provided, the kits comprising: (1) determining the fevels of at least one, at least two, or all
three maarkers selected from CCL23, 1D01, and CACNGS in a scrurn sarople 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, 1DO, and CACNGS in the scrum sample, wherein the
elevated expression levels of any one, corsbination or all of said markers 1s indicative of the
asthma subtype.

16673 o still vet another aspect, kits for diagnosing an asthroa 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 HSD3R7T, SIGLECK, and GPR44 in a serum sample obtained
frovo the patient; and (2) mstructions for measuring the levels of the at least one, at least two,
or all three markers sclected from HSDI3B7, SIGLECK, and GPR44 in the serum sample,
wherein the elevated expression levels of any one, combination or all of said markers i<
indicative of the asthma subtype.

{36731 In still yet another aspect, kits for diagnosing an asthioa subtype in a patient are
provided, the kits comprising: (1) determining the levels of at Jeast one, at least two, at least
three, or ail four markers selected from SIGLECK, CCL23, CAUNGHS, and GPR44 in a serum
sample obtained from the patient; and (2) instructions for measuring the fovels of the at loast
one, at least two, at least three, or all four markers selected from SEGLECSE, CCL23,
CACNGS, and GPR44 in the serum sample, wherein the clevated expression levels of any
one, combination or all of said markers is indicative of the asthma subtype.

{3474} In some embodiments, the kit further comprises a package insert for determining
whether an asthma patient or respiratory disorder patient is EIP or EIN. o sone
embodiments, the kit further comprises a package insert for determining whether an asthma
paticnt is fikely to respond to a THZ pathway inhibitor. In some embodiments, the kit further
comprises a package insert containing information deseribing any of the uses provided above.
In some embodiments, the kit further comprises an empty container to hold a biological
sample. In some embodiments, the kit coraprises reagents for deterraining 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 1o, one or more first nucicic acid molecules
that hybridize to one or more second nucleic acid molecules that encode one or more markers

selected from CSF1, MEIS2, LGALSIZ, 1DOT, THBS4, OLIG2, ALOX1S, SIGLECS,



WO 2015/061441 PCT/US2014/061759

CCL23, PYROXD?Z, HSD3B7, SORD, ASB2, CACNGS, GPR44, MGATI, SLC47AL,
SMPD3, CCR3, CLC, CYP4FL2, and ABTB2Z.

[B8G75] In still another aspect, methods of treating of 4 patient suffering from asthioa 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 1s determined to be EIP. In certain evobodiments, serum, whole blood, PBMCs, or

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

BRIEF DESCRIPTION OF THE DRAWINGS

{3376} Figure 1. Serum periostin is elevated in asthma patients under the age of 18 years
but is not related to age in adult asthroa pationts. (A} Serum periostin level vs, age in 783
asthma patients from omalizumab studies 008, 09, 18, and EXTRA, 159 of whom were
under the age of 18 vears. (B) Range and distribution of serum periostin fevels by study.
Thick horizontal black line denotes median, box and whiskers denote interquartile and total
ranges, respectively.

186771 Figure 2. Relationship between blood cosinophils and age is contiruous across
pediatric and adult asthma paticnts. {A) Blood cosinophil counts vs. age in 2028 asthima
patients from omalizumab studies 008, 009, 010, and EXTRA, 413 of whom were under the
age of 18 years. (B) Range and distribution of blood eosinophil counts by study. Thick
horizontal black bne denotes median, box and whiskers dencte interquartife and total ranges,
respectively.

[BG78] Figure 3. Serum periostin levels and blood cosinophil counts are positively
correlated in adult but not pediatric asthia patients. (A) adults in the EXTRA study; (B)
adolts in the MILLY study; (C) patients age 12-17 in EXTRA; (D)) patients age 6-12 ju study
010, 1S, Spearman’s rank-order correlation coethicient.

HHEY Figure 4. Differcnt cellular distribution of cosinophil-related genes in peripheral
blood. Selected genes correlated with blood eosinophil counts 1o EXTRA are variably
expressed in isolated peripheral blood leukocyie populations in GSE392 (Liu et al. {2006} 1
Allergy Clin Immunel 118: 496-503), (&) SIGLECE expression 1s mainly restricted to
eosinophils. (B) CLC expression is restricted to eosinophils and basophiis. (C) CSF1

expression 15 distributed across multiple peripheral blood leukocyte types including
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eosinophils, basophils, mast cells, neutrophils, dendritic cells, macrophages, and T
ymphocytes. (D OLIG2, described as a transcription factor expressed in oligodendrocyte
cells 1o the central nervous system, s expressed at elevated levels in cosinophils. (B PMP22,
which encodes peripheral myelin protein expressed in Schwann cells in the peripheral
nervous systern, is expressed n multiple myeloid lincage cell types.

BRG] Figure 8, Expression of peripheral blood genes related to cosinophils identifies
maderate-severe asthma patients with increased clinical benefit from lebrikizumab. Blood
gene expression was successtully measured at day § prior to the first dose of lebnikizumab or
placebo in 200 patients in the MILLY study (Corren et al. (2011} N Engl J Med 365: 1088
98} and patients were divided according to the median level of cach transcript indicated on
the x-axis. The difference in percent change from baseline in mean FEV between
febrikizumab and placebo-treated patients after 12 weeks of treatment in paticnts with gene
expression above va. below the median level for cach gene 13 shown, Dots represent mean
placebo adjusted change in FEV, and whiskers represent 895% confidence iniervals. Thin
black lincs with solid circles, selected individual genes; Thick black lines with stippled
circles, non-gene expression biomarkers serum periostin, blood eosinophil counts, and FeNO
in the same population of patients for whom gene expression data were available are
indicated for ilustrative purposes,

{381 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 show
{A) THBS4, (B) SIGLECSE, (Cy CCL23; (D) GPR44; (E)y CSFI; (F) MEISZ; (G) LGALS1Z;
(H) IDO1. Percent change from baseline in FEV, in lebrikizomab-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 fower
pancls. In cases whore there was missing data, last observation carried forward (LOCF ) was
used as per Corren et al. (201 1) N Engl J Med 363: 10&8-98,

[8682] Figure 7. Relationship between blood eosinophi! percentage and age in the
GALA I pediatric cohort (Ped. Study). Asthmatic patients shown in triangles; healthy
controls in circles. 1S, Spearman’s rank-order correlation coetficiont.

{8683} 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
cosinophif-refated transcripts (~AACH) plotted as a function of the square root of blood

cosinophil percentage. Adult moderate-severe asthunatic subjects (BOBCAT) shown in
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squares; pediatric asthmatic subjects (GALA [Ped. Study]) shown in friangles; pediatric
healthy control subjects (GALA [Ped. Study]) shown in circles. (A} CCL23 expression
exhibits a consistent relationship to blood eosinophilia regardless of age or diagnosis; (B)
CCL exprossion is comparably related 1o blood eosinophilia but at different levels in adults
and pediatric subjects; (O CSF1 expression varies in both correlation coefficient and scaling
between adult and pediatric subjects.

{6084} Figure 9. Model of effects ot age and blood cosinophil percentage on gene
exprossion in MILLY, BOBCAT, and GALA 1] cohorts. A Dnear regression mode] was
constructed: Gene expression = {blood eosinophil percentage)-2 + Age + Age™(blood
cosinophil percentage)-2 + batch and the estimates for blood cosinophil percentage and age
are plotted with 95% confidence intervals for cach transcript. Genes with absolute value
estimates > 1 for eosinophil percentage and < 0.025 for age are listed as the transcripts

maximizing relationships to cosinophil percentage independent of age.

DETAILED DESCRIPTION
[885] All reforences cited herein, including patent applications and publications, are
mcorporated by reference in their entirety for any purpose.
[8686] Unless defined otherwise, technical and scientific torms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this jovention
belongs. Singleton et al., Dictionary of Microbiology and Molecular Biclogy 2nd ed,, 1.
Wiley & Sons (New York, NUY. 1994), and March, Advanced Organic Chemistry Reactions,
Mechanisms and Structure 4th ed., John Wiley & Sons (New York, N.Y. 1992}, provide one
skilled in the art with a general guide to many of the terms used in the present application.
CERTAIN DEFINITIONS
16087 For purposes of interpreting this specification, the following definitions will apply
and whenever appropriate, terros 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 definttion set forth below shall control.
088} As used in this specification and the appended claims, the singular forms “a,” “an”
and “the” inchide plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a protein” or an “antibody™ includes a plurality of protetns or

antibodies, respectively; reference to “a cell” includes mixtares of cells, and the hike.
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6089 As used herein, “Eosinophilic Inflammation THagnostic Assay,” abbreviated
“BIDA” or “EID Assay” is an assay that diagnoses a patient having eosinophilic
inflanunation in the body or TH2 pathway inflanuuation in the body by mcasuring levels of
at least one cosinophilic inflammation marker in a biological sample from a patient, wherein
at least one, at least two, or at least three of the markers 8 selected from CSFI, MEIS2,
LGALSIZ, DO, THRS4, OLIG2, ALOXIS, SIGLECR, CCL23, PYROXD2, HSD¥3RT,
SORD, ASB2, CACONGS, GPR44, MGAT3, SLC47A1, SMPD3, CCR3, CLC, CYP4FI2, and
ABTBRZ. In some embodiments, an BID Assay comprises rocasuring levels of at least one
eosinophilic inflammation marker in a bislogical sample from a patient, wherein at least one,
at least two, or at least three of the markers 18 selected from CSF1, MEIS2, CCL23, HSD3R7,
SORD, CACNGS, 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 pationt, wherein at feast one, at least two, or at least three of the markers s
selected from MEISZ, LGALS12, IDOT, ALOXIS, SIGLECS, CCL23, PYROXD2,
HSD3IBR7, CACNGS, and GPR44. In some crobodiments, an EID Assay comprises measuring
tevels of at least one cosinophilic inflammation marker in a biological sample from a patient,
wherein at least one, at least two, or at least three of the markers 18 selected from CCL23,
DO, HSD3BY, and CACNGS. Tn some embodiments, an EID Assay comprises measuriog
fevels of at least one cosinophilic inflammation marker in a biological sample from 3 patient,
wherein at least one, at least two, or all three of the markers ¢ selected from CCL23, IDOI,
and CACNGS. In some embodiments, an EID Assay comprises measuring levels of at least
one eosinophilic inflammation marker in a biological sample from a pationt, wherein at least
one, at feast two, or all three of the markers 15 sclecied from HSD3BR7, SIGLECR, and
GPR44. In somae embodiments, an EID Assay coraprises measuring levels of at least one
eosinophilic inflammation marker in a biclogical sample from a pationt, whevein at least one,
at least two, at least three, or all four of the markers 18 sclected from SEGLECS, CCL23,
CACNGO, and GPR44. In some embodiments, mRNA levels are measured. Tn some
embodiments, two or more assays can be conducted to make a diagnosis of cosinophilic
inflaromation in a patient. In one erabodiment, the EiD Agsay comprises measuring levels of
at least one eosinophilic inflammation marker as described above, in combination with a
Flno assay.

LB Eosinophilic Inflaromation Positive (EIP) Patient or Statas: refers to a patient

who, if a biclogical sample from that patient had been tested for levels of at least one, at least
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two, or af least three markers selected from CSFI, MEISZ, LGALSIZ, IDOI, THRES4,
OLIGZ, ALOXIS, SIGLECE, CCL23, PYROXDZ, HSD3IB7, SORD, ASBZ, CACNGS,
GPR44, MGAT3, SLC47AL, SMPD3, CCR3, CLC, CYP4F12, and ABTB2 would have a
tevel of one or more of the selected markers that is above the reference level of the respective
marker. In some emboduments, the biclogical sample is RNA obtained from blood, e.g.,
whole blood or a cellular fraction of blood, such as PEBMC. In some embodiments, the
biological sample is serurn or plasma. 1o some embodiments, a patient is EIP f a biological
sample from that patient had been tested for levels of at least one, at least two, or at foast
three markers selected from CSF1, MEIS2, CCL23, HSD3R7, SORD, CACONGS, MGATS,
SLC47AL, 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 saraple from that patient had been tested for fovels of at least one, at least two, or
at icast three markers selected from MEISZ, LGALSIZ, IDOY, ALOXIS, SIGLECR, CCL23,
PYROXD2Z, HSD3RT, CACNGS, and GPR44 would have a level of one or more of the
markers that is above the reference level of the respective marker. Tn some embodiments, a
patient is EIP if a biclogical sample from that patient had been tested for levels of at least
ong, at ieast two, or at least three markers selected from CCL23, IDOL, HSD3RB7, and
CAUNGS would have a level of one or more of the markers that is above the reference level
of the respective marker. In some ershodirgents, a patient 18 E1P if a biological sanple from
that patient had been tested for levels of at least one, at least two, or all three markers selected
from CCLZ3, IDO, and CACKGS would have a level of one or more of the markers that is
above the reference tevel of the respective marker. Tn some embodiments, a patient is EIf ifa
biological sample from that patient had been tested for fevels of at least one, at least two, or
all three markers selected from HSD3BY, SIGLECSE, 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
embaodiroents, a patient is E1P if a biological sample from that patient had been tested for
fevels of at least one, at least two, at least three, or all four markers selecied from SIGLECEK,
CCL23, CACNGS, 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, the reference level
is the median level in a reference population. In some erbodiments, a reference level of a
marker is the mean level of the marker 1o a reference population. In some crobodiments, a
reference level of a marker is the average level of the marker in a reference population.

Nonlimiting exemplary reference populations fuchide pationts with asthrua, patients with

g
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moderate to severe asthma, healthy individuals, and a group 1nchuding healthy individuals
and patients with asthma. In some embodiments, a reference population comprises patients
with moderate to severe asthina, Further nonlimiting exemplary refervence populations
include patiends with an cosinophilic disorder (including the cosinophilic disorders described
herciny, such as patients with atopic dermatitis, patients with allergic thinitis, patients with
nasal polyposis, patients with eosinophilic esophagitis, patients with hyper-cosinophilic
syndrome, eic.

{8691 In any of the embodiments described berein, the level of an mRNA that encodes
the marker may be determined. Vartous methods of determining an mRNA level ina
biological sample are known 1n the art and/or are described herein. To some embodiments,
the biological sample is RNA obtained from blood, ¢.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 PCR (gPCR).

[68492] Eosinophilic Inflamyoation Negative (EIN) Patient or Status refers to a pationt
who, if a biological sample from that paticnt had been tested for levels of at least one, at least
two, or af least three markers selected from CSFI, MEIS2, LGALSIZ, IDOI, THRS4Y,
OLIGZ, ALOXIS, SIGLECK, CCL23, PYROXDZ, HSB3IRB7, SORD, ASB2, CACNGS,
GPR44, MGAT3, SLC47AL 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 emboduments, the biclogical sample is RNA obtained from blood, e.g.,
whole blood or a cellular fraction of blood, such as PEBMC. In some embodiments, the
biclogical sample is serum or plasma. In some embodiments, 3 patient is EIN if a biological
samaple from that patient had been tested for levels of at least one, at least two, or at least
three markers selected from CSFI, MEIS2Z, CCL23, HSD3R7, SORD, CACNGS, MGATS,
SLC4A7AL and ABRTB2 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 fevels of at least one, at least two, or
at lcast three markers selected from MEIS2, LGALSIZ, IDOT, ALOXIS, SIGLECR, CCL23,
PYROXDZ, HSD3RT, CACNGS, 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
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levels of at least one, at least two, or at least three markers selected from CCL23, TDOL,
HSD3B7, and CACNGS 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 1s EINf
a biological sample from that patient had been tested for levels of at least one, at least two, or
atl three markers selocted from CCL23, IDOT, and CACNGS would have a fevel of cach of
the selected markers that i3 at or below the reference level of the respective marker. In some
embodiments, 4 patient is EIN if a biclogical sample from that paticnt had been tested for
levels of at least one, at Teast two, or all three markers selected from HSD3B7, SIGLECS, and
GPR44 would have a level of each of the selected markers that is at or below the reference
tevel of the respective marker. In some embodiments, a patient 1s EIN if a biological sample
from that patient had been tested for levels of at least one, at least two, at least three or al
four markers selected from SIGLECS, CCL23, CACNGS, 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 3 reference population. In
some embodiments, 8 reference level of a marker 1s the mean level of the markerin a
reference population, In some ernbodiments, a reference level of a marker is the average
tevel of the marker in a reference population. Nondimiting exemplary reference populations
inclnde patients with asthma, patients with moderate to severe asthma, healthy individuals,
and a group including healthy individuals and patients with asthima. In sorse emboduments, a
reference population comprises patients with moderate to severe asthma. Further nonlimiting
exermplary reference populations include patients with an cosinophilic disorder (including the
eosinophilic disorders described herein), such as patients with atopic dermatitis, patients with
allergic rhinitis, paticnts with nasal polyposis, patients with cosinophilic esophagitis, patients
with hyper-cosinophilic syndrome, ete.

{66931 It should be understood that the FIN Status represents the state of the patient, and
is not dependent on the type of assay used to determine the status. Thus, other Eosinophilic
Toflammation Diagnostic EITY) Assays can be used or developed to be used to test for
Eosinophilic Inflammation Negative status.

{83941 In certain embodiments, the term “at the reference lovel” refers o a level of the
biomarker in the sarople from the individual or patient that is essentially identical to the
reference level or to g level that differs from the reference level by up 10 1%, up to 2%, up to
3%, up 1o 4%, up t0 5%, Iu 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
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the mean level of the marker in a reference population. In some embodiments, a reference
fevel of a marker is the average level of the marker in a reference population. Nonlimiting
exernplary reference populations include paticots with asthima, patients with moderate to
severe asthma, healthy individuals, and a group including healthy individuals and patients
with asthma. In some erabodiroents, a reference population comprises patients with moderate
to severe asthma. Further nonlimiting exemplary reference populations include patients with
an cosinophilic disorder (including the cosinophilic disorders described herein), such as
patients with atopic dermatitis, patients with allergic rhinitis, patients with nasal polyposis,
paticnts with cosinophilic esophagitis, patients with hyper-cosinophilic syndrome, gtc.

[BG95] In certain embodiments, the term “above the reference level” refors 1o a level of
the biomarker in the sample from the individual or patient above the reference level by at
feast 8%, 10%, 20%, 25%, 30%, 40%, 50%, 60%, T0%, 80%, &5%, 90%, 95%, 100% or
greater, determined by the roethods described herein, as compared to the reference level. In
some embodiments, the reference fevel 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. Nonhimiting exemplary reference populations include
patients with asthma, patients with moderate to severe asthma, healthy individeals, and a
group including healthy individuals and patients with asthma. 1n some embodiments, a
reference population comprises patients with moderate to severe asthma. Further nonlimiting
exemplary reference populations include patients with an cosinophilic disorder (lnchuding the
cosinophilic disorders described herein), such as patients with atopic dermatitis, paticnts with
allergic rhinitis, patients with nasal polyposis, patients with eosinophilic esophagitis, patients
with hyper-cosinophilic syndrome, efe.

[3096] In certain embodiments, the term “below the reference level” refers to a lovel of
the biomarker in the sample from the individual or patient below the reference fevel by at
teast 5%, 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, §0%, 85%, 90%, 95%, 100% or
greater, determined by the methods described herein, as compared to the reference fevel In
some embaodiments, the reference level is the median level in g reference population. In some
embodiments, 4 reference level of a marker is the mean level of the marker in 8 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
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group incloding healthy individuals and patients with asthma. In some embodiments, a
reference population comprises patients with moderate to severe asthma. Further nonlimiting
xemplary reference popuolations include paticnts with an cosinophilic disorder (inchuding the
cosinophilic disorders described herein), such as patients with atopic dermatitis, patients with
atlergic rhinitis, paticnts with nasal polyposis, patients with cosinophilic esophagitis, patients
with hyper-eosinophilic syndrome, ete,
186971 The terros “marker” and “biomarker” are used interchangeably to referto a
molecule, including a gene, protein, carbohydrate stracture, or glycolipid, metabolite, mRNA,
miRNA, protein, DNA (¢DNA or genomic DNA), DNA copy number, or an epigenetic
change, e.g., increased, decreased, or altered DNA methylation {e.g., cytosine methylation,

r Cpds methylation, non-CpG methyiations); histone modification {e.g., {deyacetylation, (de)
methylation,{de) phosphorylation, ubiquitination, SUMOvylation, ADP-ribosylation); altered
nucleosome 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 2 mammalian cell’s or tissue’s sensitivity 1o
treatment regimes based on THZ pathway inhibition using, for example, a TH2 pathway
mhibitor described herein. A biomarker moay also be a biological or clinical attribute that can
be measored in a biological sample obtained from a subject, such as for example but not
fimited to, blood cell count, ¢.g., blood eosinophil count, FEV,; or FeNO. In certain
embodiments, the level of such a biomarker is determined to be higher or lower thap that
observed for a reference population. In certain embodiments, a blood eosinophil count is
200/ul, or 250/ul, or 300/ul, or 400/ul.

[B098] The term “comparing” refers to comparing the level of the biomarker in the
sample from the individual or patient with the reforence level of the biomarker specified
clsewhere in this description. It s o 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 refercnce concentration
or an intensity signal obtained from the biomarker in a sample is compared to the same type
of intonsity 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 lovel of the
biomarker in the sample from the individual or patient and the reference level can be, e.g.,

compared to cach other and the satd comparison can be automatically carried outby a
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computer program executing an algorithro for the comparison. The computer program
carrying out the said evaluation will provide the desired assessment in a suitable output
format. For a computer assisted coroparison, the value of the determined amount may be
compared to values corresponding to suitable references which are stored in 2 database by a
computer program. The coraputer program may further evaluate the result of the conparison,
.o, automatically provide the desired assessment in a suitable output format, For a computer
assisted comparison, the value of the determined amount may be corapared 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, .. automatically
provides the desived assessment in a suttable output format,

HHB The term “detecting” a biomarker refers to methods of detecting the presence or
quantity of the biomarker in the sample emploving appropriate methaods of detection
described elsewhere herein.

(6108} The term “measuring” the level of a biomarker refers to the quantification of the
biomarker, e.g. to determuining the fovel of the biomarker in the sample, enploying
appropriate methods of detection deseribed elsewhere herein,

{61601} The term “monitoring the efficacy of a therapy™ i3 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.

16192] In the roonitoring 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 ina
sample obtained from the same patient at an carlier point in time. In some embodiments, the
current levels of one or more biomarker are compared to the levels of the biomarkers in a
sample obtained from the same patient betore start of 8 therapy 1n said patient.

(6803} In some embodiments, a level of at lcast one, at least tweo, or at least three
markers selected from CSF1, MEISZ, LGALS1Z, [DO1, THBSY, OLIGZ, ALOX1S,
SIGLECR, CCL23, PYROXD?2, HSD3R7, SORD, ASB2, CACNGS, GPR44, MGAT3,
SLC4ATAL, SMPD3, CCR3, CLC, CYP4F12, and ABTB2Z that 1s above the reference level of
the respective marker indicates that the patient 1s more hikely to respond to the therapy. In
some embodiments, a Jevel of at Jeast one, at least two, or at least three markers selected from

CSFY, MEISZ, CCL23, HSD3B7, SORD, CACNGS, MGAT3, SLC4TAL and ABTBZ thatis
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above the reference level of the vespective 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, LGALSIZ, IDOL, ALOX1LS, SIGLECE, CCL23,
PYROXD2, HSD3RT, CACNGS, and GPRA44 that is above the reference level of the
respective marker indicates that the patient 18 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, 1101, HSD3R7, and CACNGHS that is above the reference level of the respective
marker indicates that the patient is more likely to respond 1o the therapy. In some
embodiments, a level of at least one, at least two, or all three markers selected from CCL23,
IDOT, and CACNGS that s above the refercnce level of the respective marker indicates that
the patient s more Hkely o respond (o the therapy. In some embodiments, a level of at least
one, at least two, or all three markers selected from HSD3R7, SIGLECR, and GPR44 that is
above the reference level of the respective marker indicates that the patient 1s more likely to
respond to the therapy. In some embodiments, 3 level of at least one, at least two, at least
three, or all four markers selected from SIGLECR, CCL23, CACNGS, and GPR44 that is
above the reference level of the respective marker indicates that the patient 18 more likely to
respond to the therapy. 1o some embodiments, the reference level s the median level ina
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, 4 reference level of a marker
is the average level of the marker in a reference population. Nonlimiting exemplary
reference populations inchude patients with asthuna, patients with moderate to severe asthma,
healthy individuals, and 4 group inclading healthy ndividuals and patients with asthma. In
some embodiments, a refercnce population compriscs patients with moderate {0 severe
asthra. Further nonlimiting exemplary reference populations inchuide patients with an
eosinophilic disorder (inchuding the eosinophilic disorders described herein), such as patients
with atopic dermatitis, patierds with allergic rhingtis, paticnts with nasal polyposis, patients
with eosinophilic esophagitis, patients with hyper-eosinophilic syndrome, gic.

(6194} The phrase “recommending a treatment” refers to using the information or data
generated relating to the level or presence of one or more biomarkers described hereinin a
sample of a patient to identify the patient as suitably treated or not suitably treated with a
TH?2 pathway inhibttor. The phrase “recommending a treatiment” may rofer to using the
imformation or data geverated 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
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comprising a TH2 pathway hibitor. The information or data used ov generated may be in
any form, written, oral or electronic. In some embodiments, using the information or data
generated jochides communicating, presenting, reporting, storing, sending, transferring,
supplying, fransmitting, 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, Yo some further erobodiments, conmmunicating, presenting, reporting,
storing, sending, transferring, supplying, transmitting, dispensing, or combinations thereof
are performed by a faboratory or medical professional. In some embodiments, the
mformation or data includes a comparison of the levels of one or more markers described
herein (0 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 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-M1” antibody.

[H185] The phrase “selecting a patient” or “identifving a patient” refers to using the
mformoation or data gonerated relating o the levels of ouc or more markers described herein
in a sample of a patient to wWdentify or select the paticnt as more likely to benefit or less likely
to bencfit from a therapy comprising a THZ pathway inhibitor. The information or data used
ot generated may be jo any form, written, oral or electronic. In some embodirments, using the
information or data generated includes communicating, presenting, reporting, storing,
sending, transferring, supplying, fransmitting, dispensing, or combinations thereof. In some
embodiments, communicating, presenting, reporting, storing, sending, transferring,
supplying, transputting, dispensing, or combinations thereof are performed by a computing
device, analyzer unit or combination thereof. Tn some further embodiments, commmicating,
presenting, reporting, storing, sending, transferring, supplying, transmitting, dispensing, or
combinations thereof are performed by a laboratory or ruedical professional. In some
embodiments, the information or data includes a comparison of the levels of ong or more
markers described herein to a reference level. In some emboduments, the information or data
includes an indication that the patient 18 suitably treated or not suitably treated with a therapy
comprising a TH2 pathway whibttor, including, in somge 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-1L13 antibody or an anti-M1 antibody,
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16196] The phrase “selecting a therapy” refers 1o vsing the information or data geverated
relating to the level or presence of one or more markers described herein in a sample of 2
patient 1o 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
1o using the mformation or data generated for proposing or selecting a therapy comprising a
TH2 pathway indubitor for a patient identified or selected as move or less likely to respond to
the therapy coraprising 3 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, avalyzer anit or combination thereof. In some further embodiments, commanicating,
presenting, reporting, storing, sending, transforring, supplying, transmitting, dispensing, or
combinations thereof are performed by a laboratory or medical professional, n some
embodiments, the information or data includes an indication that the patient is suitably
treated or not suitably treated with a therapy coroprising a TH2 pathway inhibitor, including,
in some instances, an indication that the patient s suitably treated or not suitably treated with
a therapy cornprising a particular TH2 pathway inhibitor, such as an anti-1L.13 antibody or an
anti-M 17 antibody.

[8187] The term “biclogical sample™ includes, but is not Himited o, blood, serum,
plasma, peripheral blood mononuclear cells (PBMCs), sputum, tissue biopsies {e.g., lung
samples), and nasal saroples including nasal swabs or nasal polyps. The sample roay be taken
before treatment, during treatment or post-treatment. The sample may be taken from a patient
who s suspected of having, or is diagnosed as having asthma or a respiratory disorder, and
hence is hikely in need of treatment or from a normal individual who is not suspected of
having any disorder. In some embodiments, RNA s extracted fromn a biological sarople
described herein prior to detecting or measuring the mRNA level of a marker.

{3108} The term “sraplifying” a marker or biomarker refers to the amplification of the
marker employing appropriate methods of marker amplification known 1o the art and/or
described elsewhere herein.

13169 FENO assay refers to an assay that measures FEyo (fractional exhaled nitric

oxide) levels. Such levels can be evaluated using, e.g., a band-held portable device, NIOX
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MINO® (Aeroerine, Solna, Sweden), in accordance with guidelines published by the
American Thoracic Society (ATS) in 2005, FEye may be noted in other similar ways, e.g,,
FeNG or FENG, and it should be understood that all such similar variations have the same
meaning.

{61104 Age of Patients to be tested or treated according to the methods provided hercin
include: all ages. In some embodiments, the ages are [&+ years old. In some embodiments,
the ages are 12+ years old. In some embodiments, the ages are 2+ years ofd. In some
embodiments, the ages are 2-18 years old, 12-18 years old, 18-75 yvear olds, 12-75 year olds
or 2-7S year olds.

{6184} 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 inflaromation. Examples of asthma
include aspirin sensitive/exacerbated asthma, atopic asthina, severe asthroa, mid asthma,
moderate {0 severe asthma, corticosteroid naive asthma, chronic asthma, corticosteroid
registant asthima, corticosterotd refractory asthma, newly diagnosed and unireated asthma,
asthma due to smoking, asthma uncontrolled on corticosteroids and other asthimas as
mentioned in J Allergy Clin Immunol (2010} 126(5).926-938.

81312 Eosinophilic Disorder means: a disorder associated with excess costnophil
numbers in which atypical symptoms may manifest due to the levels or activity of
cosinophils locally or systemically in the body. Disorders associated with excess eosinophil
numbers or activity include bot are not himited to, asthma (including aspirin sensitive
asthma), atopic asthia, atopic dermatitis, allergic rhinitis (including seasonal allergic
thinitis), non-atlergic rhinttis, asthma, severe asthma, chronic eosinophilic pneumonis,
allergic bronchopulmonary aspergillosis, coeliac disease, Churg-Strauss syndrome
{periarteritis nodosa plus atopy), cosinophilic myalgia syndrome, hypercosinophilic
syndrome, cedematous reactions inchiding episodic angiodema, helminth infections, where
cosinophils may have a protective role, onchocercal dermatitis and Hosinophil- Associated
Gastrointestinal Disorders, including but not limsited to, eosinophilic esophagitis, cosinophilic
gasiritis, cosinophilic gasiroenteritis, eosinophilic enteritis and cosinophilic colitis, nasal
micropolyposis and polyposis, aspirin intolerance, asthroa and obstructive sleep apnoea,
Eosinophil-derived secretory products have also been associated with the promotion of
angiogenesis and connective tissue formation n tumors and the fibrotic responses seen n

conditions such as chronic asthroa, Crohw's disease, scleroderma and endomyocardial fibrosis
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{Manitz &, Levi-Schaffer F. Allergy 2004; 59: 268-75, Adaroko et al. Allergy 2005; 60; 13-
22, Oldhoff, et al. Alergy 2005; 60: 693-6). Other examples inchude cancer {e.g,,
glioblastorsa {such as glioblastoma multiforme), non-Hodgkin’s lymphoma (NHL)), atopic
dermatitis, allergic rhinitis, asthma, fibrosis, inflammatory bowel disease, pulmonary fibrosis
{(including idiopathic pulmonary fibrosis (IPF) and pulmonary fibrosis secondary to
sclerosis), COPD, hepatic fibrosis,

(8113} {L-13 mediated disorder means a disorder associated with excess 11-13 levels or
activity in which atypical symptoms roay manifest due to the levels or activity of TL-13
focally and/or systemically in the body, Examples of 1L-13 mediated disorders include:
cancers (e.g., non-Hodgkin’s lyrophoma, ghioblastoma), atopic dermatitis, allergic rhinitis,
asthma, fibrosis, inflammatory bowel disease (e.g., Crohn’s disease), hung inflammatory
disorders (e.g., pulmonary fibrosis such as IPF), COPD, hepatic fibrosis.

8114} 1L-4 mediated disorder means: a disorder agsociated with excess TL4 levels or
activity in which atypical symptoms may manifest due to the levels or activity of [L4 locally
and/or systemically in the body. Examples of 114 mediated disorders include: cancers {e.g.,
non-Hodglin’s lymphoma, glioblastoma), atopic dermatitis, allergic rhinitis, asthroa, fibrosis,
inflammatory bowel discase (e.g., Crohn's disease), lung inflammatory disorders (e.g.,
pulmonary fibrosis such as IPF), COPD, hepatic fibrosis.

[8115] IL-§ mediated disorder means: a disorder associated with excess IL5 levels or
activity in which atypical symptoms may manifest due to the levels or activity of LS locally
and/or systemically in the body. Examples of ILS mediated disorders inclade: cancers (e.g.,

non-Hodgkin's lymphoma, glioblastoma), atopic dermatitis, allergic rhinitis, asthma, fibrosis,

mflammatory bowel disease (e.g., Crohn’s disease), hing inflaromatory disorders {e.g.,
pulmonary fibrosis such as IPF), COPD, hepatic fibrosis.
168116} 1L-9 mediated disorder means: a disorder associated with excess 119 levels or

activity 1 which atypical symptoms may manifest due to the levels or activity of TLS locally
and/or systemically in the body. Examples of 1L.9 mediated disorders include: cancers (e.g.,
non-Hodgkin’s lymphoma, ghioblastoma), atopic dermatitis, allergic rhinitis, asthima, fibrosis,
inflammatory bowel disease {e.g., Crohn’s disease), lung inflammatory disorders {(e.g.,
pulmonary fibrosis such as IPF), COPD, hepatic fibrosis.

[8117] TSLP mediated disorder means: a disorder associated with excess TRLP levels or
activity in which atypical symptoms may manifest due to the levels or activity of TSLP

tocally and/or systemically in the body. Examples of TSLP mediated disorders include:
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cancers {e.g., non-Hodghin's lvmphoma, glioblastoma), atopic dermatiis, allergic rhinitis,
asthma, fibrosis, inflammatory bowel disease (e.g., Crohn’s disease), fung intflammatory
disorders {¢.g., pulmonary fibrosis such as IPF), COPD, hepatic fibrosis.

{8118} IgE-mediated disorder means: a disorder associated with excess IgE fevels or
activity in which atypical symptoms ray manifest due to levels ot IgE locally and/or
systemically in the body. Sach disorders include, asthma, atopic dermatifis, allergic rhinitis,
fibrosis {e.g., pulmonary fibrosis, such as IPF).

16119 Asthma-Like Symptom includes a symptom selected from the group consisting of
shortness of breath, cough (changes in sputom production and/or sputum guality and/or
cough frequency), wheezing, chest tightness, bronchioconstriction and nocturnal awakenings
ascribed to one of the symptoms above or a combination of these syraptorss (Juniper et al
(2000) Am. J. Respir. Crit, Care Med., 162(4), 1330—1334.).

[B128) The torm “respiratory disorder” include, but is not limited 1o asthma (e.g., allergic
and non-allergic asthma {e.g., due to infection, e.g., with respiratory syneytial virps {(RSV),
e.g., in younger children)); bronchitis {e.g., chronic bronchitis); chronic obstructive
pulmonary disease (COPD)Y {e.g., emphysema {g.g., cigaretic-induced emphysema);
conditions involving airway inflammation, eosinophilia, fibrosis and excess mucus
production, ¢.g., cystic fibrosis, pulmonary fibrosts, and allergic thinitis. Exaroples of
diseascs that can be characterized by airway imflammation, excessive airway secretion, and
airway obstruction inchide asthma, chronie bronchitis, bronchiectasis, and cystic fibrosis,
[BE23] Exacerbations {commonly referred {0 as asthma attacks or acute asthma) are
episodes of new or progressive increase in shortness of breath, cough {changes in sputum
production and/or sputwrn quality and/or cough frequency), wheezing, chest tightness,
nocturnal awalkenings ascribed to one of the symptoms above or a combination of these
symptoms. Exacerbations are often characterized by decreases in expiratory airflow (PEF or
FEV). 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 severnity of
exacerbations ranges from mild to life-threatening and can be evaluated based on both
symptoms and hing fanction. Severe asthma exacerbations as described herein inclode
exacerbations that result in any one or combination of the foliowing 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.
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6132 A TH2 pathway inubitor is an agent that inhibits the TH2 pathway.
[8123] Examples of a TH2 pathway inhibitor include inhibitors of the activity of any one

of the targets selected from the group cousisting of: 1TTK, BTR | IL-9 {¢.g., MEDI-528), IL-5
{e.g., Mepolizumab, CAS No. 1960738-29-2; resilizomab), 1L-13 {e.g., IMA-(26, IMA-638
(also referred to as, anrukinzumab, INN No. 810649-32-0; QAX-576; TL4A/IL13 trap),
tralokinumab (also referred to as CAT-354, CAS No. 1044515-88-9y; AER-001, ABT-308
{also referred to as humamzed 13CS.5 antibody), 1L-4 (e.g., AER-001, 1L4/1L13 trap),
OX40L, TSLP, 1L-25, HL.-33, soluble {gf {(e.g., XOLAIR, QGE-031; MEDL-4212) and
membrane-bound Igk (quilizumab); and receptors such as: 11-9 receptor, IL-5 receptor {e.g.,
MEDI-563 (benralizumab, CAS No. 1044511-01-4), [L-dreceptor alpha {e.g., AMG-317,
AIR-645, dupilumab), H-13receptoralphal (e.g., R-1671) and TL-13receptoralpha, OX40,
TSLP-R, IL-7Ralpha (a co-receptor for TSLP), ILI7RE (receptor for 1L-25), §T2 {receptor
for [L-33), CCR3, CCR4, CRTHZ (e.g., AMG-553, APT6E, AP-761, MLNG(GYS,
ACT129968), FeepsilonRY, FeepsilonRIVCD23 (receptors for IgE), Flap (e.z.,

GSK2 19091 5), Syk kinase (R-343, PF3526299); CCR4 (AMG-761), TLRY (QAX-935) and
multi-cytokine inhibitor of CCR3, ILS, IL3, GM-CSF (e.g., TPT ASMR). Examples of
inhibitors of the aforementioned targets are disclosed in, for example, WO2008/086395;
WOZ006/085938; US 7,615,213, US 7,501,121, WO2006/085938; WO 2007/080174; US
7,807, 788; WO20GS0(7699; WO2007036745; WO2ZHG9/00977S; WO2007/082(68;
WO2010/073119; WO2007/045477, WO2008/134724; US2009/0047277; and
WO2H08/127.271).

16124 A therapeutic agent a provided herein includes an agent that can bind to the target
wdentified herein above, such as a polypeptide(s) {e.g., an antibody, an immumoadhesin ora
peptibody ), an aptamer or a small molecule that can bind to a protein or a nucleic acid
molecule that can biud fo a nucleic acid molecule encoding a target identified herein (ie.,
siRNA}.

18125] “An anti-1L13/TL4 pathway inhibitor” refers to a therapeutic agent that inhibits
H.-13 and/or -4 signaling. Examples of an anti-1L13/11L4 pathway inhibitors includes
inhibitors of the interaction of 1113 and/or 1L4 with s receptor(s), such inhibitors inchide,
but are not lmited to, anti-IL13 binding agents, anti-1L4 binding agents, anti-1L3/11L4
bispecific binding agents, anti-TL4receptoraipha binding agents, anti-IL P3receptoralphal
binding agents and anti-1L13 receptoralpha? binding agents. Single domain antibodies that

can bind 1L 13, TL4, (ncluding bispecific auntibody with a single domain binding W13 and a
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single domain binding 114), IL~13Ralphal, IL-13Ralpha? or IL-4Ralpha are specifically
inchuded as inhibitors. It should be understood that molecules that can bind more than one
target are included.

[6126] “Anti-IL4 binding agents” refers to agent that binds to buman 1L-4. Such binding
agents can include a small molecule, an aptamer or a polypeptide. Such polypeptide can
mclude, but 1s not limited to, a polypeptide(s) selected from the group consisting of an
mmmunoadhesin, 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  uM — 1 pM.
Specific examples of anti-1L4 binding agents can inchide soluble IL4Receptor alpha (e.g.,
extracetiular domain of TL4Recepior fused to a human Fe region), anti-1L4 antibody, and
soluble 1L.13receptoralphal {e.g., extraceliular domain of IL13receptoraiphal fused toa
human Fc region).

18127} “Anti-IL4receptoralpha binding agents” refors 10 an agent that binds to hursan
1E4 receptoralpha. Such binding agents can include a small molecule, an aptamer ora
polypeptide. Such polypeptide can include, but is not Houted to, a polypeptide(s) selected
from the group consisting of an immumoadhesiu, an antibody, a peptibody and & peptide.
According to one embodiment, the binding agent binds to a human 1L-4 receptor alpha
sequence with an affinity between T oM — | pM. Specific examples of anti-IL4 receptoralpha
binding agents can include anti-IL4 receptor alpha antibodies,

{8128} “Anti-1L13 binding agent” refers to agent that binds to human {113, Such
binding agents can include a smsll molecule, aptamer or a polypeptide. Such polypeptide can
inchude, but is not limited to, a polypeptide(s) selected from the group consisting of an
unmenoeadhesin, an antibody, a peptibody and a peptide. According to one embodiment, the
binding agent binds to a human 1L-13 sequence with an affinity between 1 uM — 1 pM.
Specific exarnples of anti-1L.13 binding agents can include anti-1113 antibodies, soluble
1L.13receptoralpha? fused to a human Fe, soluble 1L4receptoralpha fused to a human Fe,
soluble FL13 receptoralpha fused to a human Fe. According to one embodiment, the anti-10L13
antibody coraprises (1) a HVRHI comprising the amine acid sequence SEQ I NGO 11, (2)
HVRH?2 comprising the amino acid sequence SEQ 1D NO:12, (3 HVRH3 comprising the
amino acid sequence SEQ 1D NG 13, (4 HVRLI comprising the amino acid sequence SEQ
1D NG:14, (5 HVRL2 comprising the aming acid sequence SEQ ID NG!S, and (6) HVRL3
comprising the amino acid sequence SEQ 1D NG:16. {n another erobodiment, the anti-IL-13

antibody comprises a VH comprising a sequence selected from SEQ 1D NGs: 9, 19, and 21,
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and VL coroprising a sequence selected from SEQ 1D NO: 10, 20, and 22, According to one
embodiment, the antibody is an [gG1 antibody. According to another embodiment, the
antibody 1s an IgG4 antibody. According to one embodiment, the IgG4 antibody comprises a
SZ28P ntation in its constant domain,

16139 Anti-1L 1 3receptoralphal binding agents” refers to an agent that specitically binds
to human [L13 receptoralphal. Such binding agents can inclade a small molecule, aptamer
or a polypeptide. Such polypeptide can inchude, but is not Himited to, a polypeptide(s)
selected from the group consisting of av immunocadhesiu, an antibody, a peptibody and &
peptide. According to one embodiment, the binding agent binds to a uman IL-13 receptor
alphal sequence with an affinity between § uM — 1 pM. Specific examples of anti-IL13
receptoralphal binding agents can include anti-IL13 receptor alphal antibodies.

16138 “Anti-fL I 3receptoraipha? binding agents” refers 1o an agent that specifically
binds to hurean 113 receptoralphal. Such binding agents can include a stoall molecule, an
aptamer or a polypeptide. Such polypeptide can inchide, but is not limited to, a
polvpeptide(s) selected from the group consisting of an immunocadhesin, an antibody, a
peptibody and a peptide. According to one embodiment, the binding agent binds to a luman
1E.-13 receptor alpha? sequence with an affinity between 1 uM — 1 pM. Specific exarples of

anti-IL13 receptoraipha? binding agents can include anti-IL 13 receptor alpha? antibodies.

{8131} “Anti fgl binding agents” refers to an agent that specifically binds to huran Ig¥.
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 & VL sequence comprising the amino acid
sequence of SEQ ID NO:17 and 2 VH sequence coraprising the anuno acid sequence SEQ 1D
NGO 18

18132} “Anti-M1’ binding agents” refers to an agent that specifically binds to the
membrane proximal M1 region of surface expressed igE on B cells. Such binding agents
can inclode a small molecule, an aptamer or a polypeptide. Such polypeptide can inchude, but
is not limidted to, a polypeptide(s) sclected from the group consisting of an romunoadhesin,
an antibody, a peptibody and a peptide.  According to one embodiment, the anti-IgE antibody
comprises an antibody described in WO2008/116149 or 3 variant thereof. According to

another embodiment, the anti-M U antibody comprises a variable heavy chain and a variable
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Hight chain, wherein the variable heavy chain s SEQ 1D NO:1 and the variable light chain is
SEQ ID NO:2. According to another embodiment, An anti-igE/M1” antibody comprising a
variable heavy chain and a variable light chain, wherein the variable heavy chain further
comprises ap HYR-HI, HVR-HZ and HVR-H3, and the variable light chain further comprises
and HVR-L1, HVR, L2 and HVR-L3 and: (2) the HVR-H1 is residucs 26-35 of SEQ ID
NGO, [GFTFSDYGIA; SEQ ID NO:3; (b) the HVR-HZ is residues 49-66 of SEQ 1D NO:,
[AFISDLAYTIVYADTVTG; SEQ 1D NOw4; (o) the HVR-H3 s residues 97-106 of SEQ ID
NO, [ARDNWDAMDY; SEQ ID NGO:SE (d) the HVR-L1 is residues 24-39 of SEQ ID
WNO:2Z, (RSSQSLVHNNANTYLH; SEG ID NOwo]; (o) the HVR-L2 is residues 55-61 of SEQ
T NG:2, [KVSNRFES: SEQ ID NO:TL; () the HVR-L3 15 residues 94-102 of SEQ D NG:2.
[SQNTLVPWT; SEQ ID NOWR]L

{3133} The term “small molecule” refers to an organic molecule having a molecular
weight between 50 Daltons to 2500 Daltons.

{8134} The term “antibody” is used in the broadest sense and specifically covers, for
example, monoclonal antibodics, polyclonal antibodies, antibodies with polyeptiopic
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.

[#135] The term “uncontrolied” or “uncontrolable” refers to the inadequacy of a
treatment regimen 1o minimize a symptom of a discase. As used herein, the term
“uncontrolled” and “inadequately controlled” can be used mterchangeably and are meant to
refor to the same state. The control status of a patient can be determined by the attending
physician based on a nurnber of factors including the patient’s chinical history, responsiveness
to treatment and level of current treatment prescribed. For example, a physician may
consider factors such as FEV <75% predicted or personal best, frequency of need fora
SABA 1o the past 2-4 weeks {(e.g., greater than ov equal two doses/week), nocturnal
awakenings/symptoms in the past 2-4 weeks {c.g., less than or equal to 2 nights/week),

himitations on activity in the past 2-4 weeks, daytime symptoms in the past 2-4 weeks

{3136} The term “therapeutic agent” refers to any agent that is vsed to treat a disease.
{8137} The term “controfler” or “preventor” refers to any therapeutic agent that is used

1o control asthma inflammation. Examples of controliers inchude corticosteroids, leukotriene
recepior antagonists (e.g., inhibit the synthesis or activity of leukotrienes such as

montolukast, zileuton, pranlukast, zafirtukast), LABAs, corticosterotd/LABA combination
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compositions , theophylline (inchuding aminophylline), cromolyn sodium, nedocromil
sodium, omalizumab, LAMAS, MABA (c.g, bifunctional muscarinic antagonist-beta?
Agowmist), S-Lipoxygenase Activating Protein (FLAP) inhibitors, and enzyme PDE-4 jnhibitor
{c.g., roflumilast). A “second controller” typically refers to a controlier that is not the same
as the first controlier.

[BE3§] The term “corticosterotd sparing” or “US” means the decrease in frequency
and/or amount, or the climination of, corticosteroid used to treat a disease in a pationt taking
corticosteroids for the treatruent 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.

16139} The term “corticosteroid” juchides, but is not himited to fluticasone {including
fluticasone propionate (FP)), beclometasone, budesonide, ciclesonide, mometasone,
flunisolide, betamethasone and triamcinolone. “Inhalable corticostercid” means a
corticosteroid that s suitable for delivery by inhalation. Exemplary inhalable corticosteroids
are fluticasone, beclomethasone dipropionate, budenoside, mornetasone 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 betaZ-agonist inclade, but are not limited to:
budesonide/formotero! and fluticasone/salmeterol.

[3148] Examples of corticosteroid/LABA combination drugs include fluticasone
furoate/vilanterol trifonatate and ndacaterol/mometasone.

141 The term “LABA” means long-acting beta-2 agonist, which agonist inclodes, for
example, salmeterol, formoterol, bambuteroel, albuterol, indacaterol, arformoterol and
clenbuterol.

16142} The term “LAMA™ means fong-acting muscarinic antagonist, which agonists
melude: fiotropium,

168431 Examples of LABA/LAMA combinations inclade, but are not limited to:
olodaterol tiotropium (Bochringer fngelheim’s) and indacaterol glycopyrronium (Novartis)
[144] The ternmt “SABA”™ means short-acting beta-2 agonists, which agouists include,
but are not limited to, salbutamol, levosalbutamod, fenoterol, ferbutaline, pirbuterel,

procaterol, bitokerol, rimiterol, carbuterol, tulobuterol and reprotero!
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16145} Leukotriene receptor antagonists (sometimes referred to as a leukast) (LTRA) are
drugs that inhibit leukotrienes, Examples of leukotriene inhibitors inciude montelukast,
zilcuton, praniukast, and zafirlukast,

[6146] The term “FEV,” refers 10 the vohume 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 1n FEV (PC20) is a measure of airway hyper-
responsivencss. FEV( may be noted in other similar ways, e.g., FEVy, and it should be
understood that all such similar variations have the same rocaning.

81471 The term “relative change in FEV” = (FEV, at week 12 of treatment — FEV,
prior to start of treatment) divided by FEV,

16148 The term “nuld asthma” refers 1o 4 pationt generally experiencing symptoms or
exacerbations less than two tiraes a week, nocturnal symptoms less than two fimes a mounth,
and is asymptomatic between exacerbations. Mild, intermitient asthma is often treated as
needed with the following: inhaled bronchodilators (short-acting inhaled betaZ-  agonists);
avoidance of known triggers; annual influenza vaceination; pneumococcal vaccination every
6 10 10 years, and in sorne cases, an inhaled beta2-agonist, cromolyn, or nedocronul prior to
exposure to identified triggers. If the patient has an increasing need for short-acting beta2-
agonist {€.g., uses short-acting betaZ-agonist more than three to four times in 1 day for an
acute exacerbation or uses more than one canister a mounth for symptoms ), the patient may
roquire a stepup in therapy.

16149 The term “moderate asthima” generally refers to asthima 1o which the pationt
experiences exacerbations more than two times a week and the exacerbations affect sleep and
activity; the patient bas nighttime awakenings due to asthma more than two times a month;
the patient has chronic asthma symptoms that require short-acting inhaled beta2-agounist daily
or every other day; and the patient's pretreatment baseline PEF or FEV is 60 to 80 percent
predicted and PEF variability 1s 20 to 30 percent.

16158 The term “severe asthma” generally refors to asthma in which the pationt has
almost continuous symptoms, frequent exacerbations, frequent nighttime awakenings due to
the asthroa, limited activities, PEF or FEV, baschine less than 60 percent predicied, and PEF

variability of 20 to 30 percent.

6151 Fxamples of rescue medications include albuterol, ventolin and others,
[81582] “Resistant” refers to a discase that domonstrates hittle or no clinically significant

improvement afier treatment with a therapeutic agent. For example, asthma which requires

48



WO 2015/061441 PCT/US2014/061759

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
asthima remains uncontrolled or FEV, does not improve is often considered severe refractory
asthma.

{3183} A therapeutic agent as provided herein can be administered by any suitable
means, including parenteral, subcutancous, intraperitoneal, intrapulmonary, and intranasal.
Parenteral infusions mclude intramuscular, mtravenous, intraarterial, intraperitoneal, or
subcutaneous admimisiration. In one embodiment, the therapeutic agent is inhaled.

According to another embodiment, the dosing 1s given by injections, ¢.g., fntravenous or
subcutancous injections. In yet another embodiment, the therapeuntic agent is administered
using a syringe (2.2, prefitled or not) or an auntoinjector.

[B8154] 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 formudated,
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 1o medical practitioners.

[8155] Dosing for lebrikimumab, for cosinophilic discases (including asthma) and for
treating other discases using TH2 therapies: lebrikizumab can be administered 0.1 mg/kg to
108 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 I mg/kg to 10 mg/kg of the patient’s body weight.

j#156] In an alternative embodiment, lebrikizumab can be administered as a flat dose. In
one crbodiment lebrikizumab is administered as a flat dose (i.¢., not weight dependent) of
between 125-1000 mg, or a flat dose of 37.5 mg, or 8 flat dose of 125 mg, or a flat dose of
250 mg, or a tlat dose of 500 mg, by subcutansous injection or by intravenous injection, at a

frequency of fime selected from the group consisting of! every 2 weeks, 3 weeks, 4 weeks, 5
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weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks, 13 weeks, 14
weeks, 15 weeks, 16 weeks, Imonth, 2 months, 3month or 4 months. in another
embodiment, it the patient is overweight, lebrikizumab can be admimstered, e.g., 125-250 mg
at 3 frequency of 3 times per month, {n one embodiment, the lebrikizumab is administered as
a flat dose of 125 mg, 250 rug or 500 mg every 4 weeks, [u another embodiment, the
ichrikizumab is administered in 8 patient »40 kg as a flat dose of 37.5 mg, 125 myg, 250 mg or
500 mg every 4 weeks,

181587] In one embodiroent, the patient 18 18 years of age or older. In one embodiment,
the asthma patient is age 12 t0 17 and lebrikimmnab is administered in as a flat dose of 250
mg or a flat dose of 125 mg. In onc ernbodiruent, the asthwoa patient is age 6 to 1 and
lebrikizumab is administered in as a flat dose of 125 mg,

16158 Dosing for quilizumab, for eosinophilic discases (inchnding asthma) and for
treating othor discases using TH2 therapies: guilizamab can be adroinistered 0.003 rog/kg to
100 mg/kg of the patient’s body weight. In one embodiment, the dosage administered by
fntravenous or subcutancous adminisiration to a patient is between 0.003 mg/kg and 5 wagkg
of the patient's body weight.

(6159 In an alternative embodiment, guilizumab can be administered as a flat dose. In
one embodiment quilizumab s administered 1o as a 150-450 mg flat dose (i.¢., not weight
dependent), by subcutaneous injection or by intravenous injection, at 8 frequency of time
selected frova the group consisting of every 4 weeks or every 12 weeks {e.g., about once
every three months or once every guarter). In one embodiment, quilizumab s administered
subcutaneously at a dose of 300 mg every 4 weeks. In one embodiment, quilizumab 18
administered subcutaneously at a dose of 450 rag once every 12 weeks (i.¢., about once every
three months or once every quarter). In certain embodiments, an additional subcatancous
dose of 450 mg is adroinistered once at week 4. In one emabodiment, quilizumab 15
administered subcutaneously at a dose of 150 mg once every 12 weeks (1.2, once every
quarter). In cortain embodiments, an additional subcutancous dose of 1530 mg is administered
once at week 4.

160} “Patient response” or “response” (and grammatical variations thereof) can be
assessed using any endpoint indicating a benefit to the paticnt, fuchiding, without linitation,
{1} inhibition, to some extent, of disease progression, juchiding slowing down and complete
arrest; (2) reduction in the mumber of disecase episodes and/or symptoms; (3) reduction in

tesional size; (4) inhibition (1.e., reduction, slowing down or complete stopping) of disease
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cell infiltration into adjacent peripheral organs and/or tissues; (5) inhibition (i.e. reduction,
slowing down or complete stopping) of discase spread; (6) decrease of anto-immune
response, which may, but does not have to, result 1o the regression or ablation of the discase
fesion; {7) relief, to some extent, of one or more symptoms associated with the disorder; (8)
increase 1o the length of disease-free presentation following treatroent; and/or (9 decreased
mortality at a given point of time following treatment.

18161} “Atfinity” refers to the strength of the sum total of noncovalent interactions
between & single binding stte of a molecule {(e.g., an antibody) and s binding partuer {e.g.,
an antigen). Unless indicated otherwise, as used herein, “binding affinity” refers to ntninsic
binding affinity which retlects a 111 interaction between members of a binding pair (e.g.,
antibody and antigen binding arm). The affinity of 2 molecale 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 ithustrative
and exemplary embodiments for measuring binding affinity are deseribed in the following,
16162 An “affinity matured” antibody refers 1o an antibody with one or more alterations
i one or more hypervariable regions (HVRs), compared (o a parent antibody which does not
possess such alterations, such alterations resulting in an improvement in the affinity of the
antibody for antigen.

6#163] The terms “anti-target antibody” and “an antibody that binds to target” refer to an
antibody that is capable of binding the target with sutficient affinity such that the antibody i
pseful as a diagonostic and/or therapeutic agent in targeting the target. To one embodiment,
the extent of hinding of an anti-target antibody to an unrelated, non-target protein is less than
about 10% of the binding of the antibody to target as measured, ¢.g., by a vadioimrounoassay
{RIA} or biacore assay. In certain embodiments, an antibody that binds to a target has a
dissociation constant (Kd) of < fuM, <100 oM, < 10 nM, <1 nM, <0.1 oM, <0.01 oM, or <
(1L.001 nM {e.g. 10-8 M or less, e.g. from 10-8 M to 10-13 M, e.g., from 18- M 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 Iimited 1o monoclonal antibodies, polyclonal
antibodies, multispecific antibedies {e.g., bispecific antibodies), and auntibody fragments so

fong as they exhibit the desired antigen-binding activity.
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81565] An “antibody fragment” refers to a molecule other than an ntact antibody that
comprises a portion of an intact antibody that binds the antigen to which the intact antibody
binds. Exaraples of antibody fragments include but are not limited to Fyv, Fab, Fab', Fab’-SH,
F{ab'}2; diabodies; linear antibodies; single-chain antibody molecules {e.g. scFv); and
multispecific antibodics formed from antibody fragroents.
166} 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 weil-known in the art.
18167} An “acceptor human framework”™ for the 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 hurnan immunoglobulin
framework or a human consensus framework, as defined below. An acceptor human
framework “derived from” a buman immunoglobulin framework or a human consensus
framework may comprise the same amine acid sequence thereof, or it yoay contain arsino
acid sequence changes. In some embodiments, the number of amino acid changes are 1¢ or
fess, @ orless, § or less, 7 or less, 6 or less, S or less, 4 or less, 3 or less, or 2 or fess. Insome
embodiments, the VL acceptor human framework is identical in sequence to the VL human
mununoglobulin framework sequence or human consensus framework sequence
16168] The term “chimeric” antibody refors to an antibody in which 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 ight chain 1s derived from a different source or species.

16169 The “class” of an antibody refers o the type of constant domain or constant
region possessed by its heavy chain. There are five major classes of antibodics: Iga, 1gD,

IgE, IgG, and IgM, and several of these may be further divided into subelasses (isotypes),
e, Igil, fgG2, TgG3, IgGd, igAl, and igA2. The heavy chain constant domaing that
correspond to the different classes of immunoglobuling are called ¢, §, g, v, and y,
respectively.

jBE78] “Effector functions” refer to those biological activities atiributable to the Fe
region of an antibody, which vary with the antibody isotype. Examples of antibody effector

functions include: Clg binding and complersent dependent eytotoxicity (CDC); Fe receptor

(911
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binding; antibody-dependent cell-mediated oytotoxicity (ADCC); phagocytosis; down
regulation of cell surface receptors (e.g. B cell receptor); and B cell activation,
{8171} An “ecffective amount” of an agent, ¢.g., a pharmaceutical formulation, refers 1o
an amount effective, at dosages and for periods of time necessary, to achieve the desired
therapeutic or prophylactic result.
8172} The term “Fo region” herein 18 used to define a C-terminal region of an
mmunocglobolin heavy chain that contains at least a portion of the constant region. The term
inchudes native sequence Fo regions and vanant Fe regions. In one cmbodiment, a human
1g(G heavy chain Fe region extends from Cys226, or from Pro230, to the carboxyl-terminus of
the heavy chain. However, the C-termuinal fysine (Lys447) of the Fe region may or may not
be present. Unless otherwise specitfied herein, numbering of amino acid residues in the Fe
region or constant region is according to the EU numbering svstem, also called the EU index,
as described 1o Kabat ot al,, Sequences of Proteins of Tmnunological Interest, Sth Ed. Public
Health Service, National institutes of Health, Bethesda, MD, 1991,
161734 “Frameworl’” or “FR” refers to variable domain residues other than hypervariable
region {HVR) residues. The FR of a variable domain generally consists of four FR domaing:
FR1,FRZ, FR3, and FR4. Accordingiy, the HVR and FR sequences generally appear in the
following sequence in VH (or VL) FRI-HE(LD)-FR2-H2(L2)-FR3-H3(L3-FR4.
18174} The terms “full iengtb 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 Fe region as defined
herein.
(BE75] The terms “host cell,” “host cell line,” and “host cell culture” are used
interchangeably and refor to cells into which exogenous nucleic acid has been introduced,
inchuding the progeny of such celis. Host cells include “transformants” and “transformed
cells,” which inchude the primary transformed cell and progeny derived therefrorn without
regard to the number of passages. Progeny may not be completely identical in nucleic acid
content 10 a parcnt cell, but may contain mutations. Mutant progeny that have the same
function ov biclogical activity as screened or selected for 1o the originally transtormed cell
are included herein.
16176] A “human antibody” 15 one which possesses an amino acid sequence which
corresponds to that of an antibody produced by a human or a haman cell or dertved from a

non-human source that utilizes human antibody repertoires or other human antibody-
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encoding sequences. This definttion of a human antibody specifically excludes a bumanized
antibody comprising non-human antigen-binding residues.

[BE77] A “human consensus framework™ 18 a framework which represents the most
commonty oocurring amino acid residues in a selection of human immunoglobulin VL or VH
framework sequences. Generally, the selection of human mwnunoglobulin V0 or VH
sequences is from a subgroup of variable domain sequences. Generally, the subgroup of
sequences is a subgroup as in Kabat ot al,, Sequences of Proteing of Immunological Interest,
Fifth Edition, NIH Publication 91-3242, Betheada MD (1991, vols. 1-3. Tn one embodiment,
for the VL, the subgroup is subgroup kappa 1 as in Kabat et al,, supra. In one embodiment,
for the VH, the subgroup is subgroup [ as in Kabat et al,, supra.

18178] A “humanized” antibody refers to a chimeric antibody comprising amino acid
residues from non-human HYRs and amino acid residues from human FRs. In certain
embodiments, a humanized antibody will comprise substantially all of at least one, and
typically two, variable domatins, in which all or substantially all of the HVRs (e.g., CDRs)
correspond to those of a non-hurnan antibody, and all or substantially all of the FRs
correspond 1o those of a buman antibody. A humanized antibody optionally may comprise at
feast a portion of an antibody constant region derived from a human antibody, A “humanized

form” of an antibody, e.g., a non-human antibody, refers to an antibody that has undergone

humanization.
[8179] The term “hypervariable region” or “HVR” refers to cach of the regions of an

antibody variable domain which are hypervariable in sequence and/or form struchurally
defined loops (“hypervariable loops™). Generally, native four-chain antibodies comprise six
HVRs; three in the VH (M1, H2, H3), and three 1n the VL (L1, L2, L3). HVRs generally
comprise amino acid residues from the hypervariable loops and/or from the
“complernentarity deterraining 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 focated within positions 24-36 (for HVRLI), 46-56 (for
HVRL2), 89-97 (for HVRL2), 26-35B (for HVRHT), 47-65 {for HVRH2), and 93-102 {(for
HVRH3),

[3188] An “individual” or “paticnt” or “subject” 18 a mammal. Manunals include, but
are not limited to, domesticated antmals {e.g., cows, sheep, cats, dogs, and horses), primates
(e.g., humauns and non-huran primates such as monkeys), rabbits, and rodents {¢.g., mice and

rats}. In corfain embodiments, the individual or patient or subject is a human. In some
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By

emnbodiments, an “individual” or “patient” or “subject” herein s any single human subject
eligible for treatment who is experiencing or has experionced ORC Of MOTe $igos, SYIptoms,
ot other indicators of asthma or a respivatory condition. Intended to be inchided as a subject
are any subjects involved in clinical research trials not showing any clinical sign of discase,
or subjects mmvolved in epidemiological studies, or subjects once used as controls. The
subject may have been previcusly treated with a TH2 pathway inhibitor or another drug, or
not so treated. The subject may be nafve to a TH2 inhibitor when the treatmoent herein s
started, 1.¢., the subject may not have been previously treated with, for example, a TH2
inhibitor at “baseline” {i.c., at a set point in time before the administration of a first dose of a
TH?2 inhibitor i the treatment method herein, sach as the day of screening the subicct before
treatment 1s commenced). Such "naive” subjects are generally considered to be candidates
for treatment with such drag(s).

{3181} A “pediatric” individaoal or patient or subject 15 a human from birth to 18 years
old {or ( 1o 18 years old). In some embodiments, a pediatric individual or patient or subject
isfrom2t06,21017, 610 11,610 18,610 17,810 17, 12t 17, or 12 10 18 years old.

[B8182] 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
9% purity as determined by, for example, electrophoretic {e.g., SBS-PAGE, isoclectric
focusing (IEF), capillary clectrophoresis) or chromatographic (e.g., ion exchange or reverse
phase HPLC). For review of methods for assessment of antibody purity, see, ¢.g., Flatman et
al., J. Chromatogr. B 848:78-87 (2007},

13183 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
nucieic acid molecule contained in cells that ordinarily contain the nucleie acid molecule, but
the nucleie acid molecule 18 present exirachromosomally or at a chromosomal location that is
different from its natural chromosomal focation.

6184} “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),
mncluding such nucleic acid molecule(s) in a single vector or separate vectors, and such
nucleic acid molecule(s) present at one or more locations in a host cell,

[B185] The term “monoclonal antibody” refers to an antibody obtained from a population
of substantially homogeneous antibodies, i.¢., the individual antibodies comprising the

population are identical and/or bind the same epitope, except for possible variant antibodies,
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e.g., confaining 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 ditferent determinants (epitopes), each monoclonal antibody of & monocional
antibody preparation is directed against a single deterroinant on an 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 1o be used sccording o the methods provided hercin may be made by a variety of
techniques, including but vot timited to the hybridoma method, recormbinant 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
monocional antibodies being described herein.

6186} A “paked antibody” refers to an antibody that is not conjugated to a heterologous
motety (e.g., 4 cytotoxic moiety ) or radiclabel. The naked antibody may be presentina
pharmaceutical formulation.

{8187} “Native antibodies” refer to naturally occurring imumunoglobulin molecules with
varying structures. For example, native 1gQ antibodies are heterotetrameric glycoproteins of
about 150,000 daltons, composed of two identical light chains and two tdentical heavy chains
that are disulfide-bonded. From N- to C-terminus, cach heavy chain has a variable region
{VH), also called a variable heavy domain or 8 heavy chain variable domain, followed by
three constant domains (CHI, CHZ, and CH3). Sumilarly, from N- to C-termainus, cach light
chain has a vaniable region (VL) also called a variable hight 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 (x) and lambda (0), based on the amino acid
sequence of its constant domain,

{BE8B] The term “package insert” is used to refer to instructions customarily included in
commercial packages of therapeutic prodacts, that contain information about the indications,
usage, dosage, administration, combination therapy, contraindications and/or warnings
concerning the use of such therapeutic products. The torm “package tnsert” is also used to
refer to instructions customarily inchided in commercial packages of diagnostic products that

countain information about the intended use, test principle, preparation and handling of
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reagents, specimen collection and preparation, calibration of the assay and the assay
procedure, performance and procision data such as sensitivity and specificity of the assay.
[B189] “Percent (%) anaino 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 residuces in the reference polypeptide
sequence, after aligning the sequences and introducing gaps, if necessary, to achieve the
maxinum percent sequence identity, and not considering any conservative substitutions as
part of the sequence 1dentity. 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
mstance, 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 achiove 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 prograra ALIGN-2. The ALIGN-2 sequence comparison computer
program was authored by Genentech, Inc., and the source code has been filed with user
docurmentation in the U.S, Copyright Office, Washington D.C,, 20559, where i is registered
pnder U.S. Copyright Registration No, TXUSIO087. The ALIGN-2 program is publicly
available from Genentech, 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.

[BE98) In situations where ALIGN-2 is employed for amino acid sequence comparisons,
the % amino acid sequence identity of a given amino acid sequence A fo, with, or against 8
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 armpinog acid sequence B) s caleulated as follows:

{8191 100 times the fraction XY where X s the number of amino acid resicdhies scored
as tdentical 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, Itwill 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 %

amine acid sequence identity of B to A, Unless specifically stated otherwise, all % amino
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acid sequence dentity values used herein are obtained as described in the immediately
preceding paragraph using the ALIGN-Z computer progran.

18192} The term “pharmaceutical formulation” refors 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 contaings no additional components which are unacceptably toxicto a
subject to which the formulation would be administered.

[6193] A “pharmaceutically acceptable carrier” refers to an ingredient ina
pharmaceutical formulation, other than an active ingrediont, which 18 nontoxic to a subject.
A pharmaceutically acceptable carrier includes, but is not limited to, a buffer, excipient,
stabilizer, or preservative.

16104 The term “target” refers to any native molecule from any vertehrate source,
including mammals such as primates {(e.g. mmmans) and rodents {e.g., mice and rats}, unless
otherwise mdicated. The term encompasses “full-length,” unprocessed target as weil as any
form of target that results from processing jo the cell. The term also encompasses vaturally
occurring variants of targets, .z, splice variants or allelic variants.

[8195] The torm “reatment” (and grammatical variations thereot such ag “treat” or
“treating”) refers to clinical intervention in an attempt to alter the natural course of the
mndividual being treated, and can be performed either for prophylaxis or during the course of
clinical pathology. Desirable effects of treatment include, but are not Hisited to, preventing
occurrence or recurrence of disease, alfeviation 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 discase state, and remission or
nproved prognosis, In some erabodiments, antibodies are used to delay development of a
disease or to slow the progression of a disease.

[8194] The term “variable region” or “variable domain” refers to the domain of an
antibody heavy or light chaiu that 18 involved 1o binding the antibody to antigen. The
variable domains of the heavy chain and light chain (VH and VL, respectively) of a native
antibody generally have similar structures, with cach doroain 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 91 (20073 A single VH or VL
domain may be sufficient to confer antigen-binding specificity. Furthermore, antibodies that
bind a particular antigen may be isolated using & VH or VL domain from an antibody that

binds the antigen to screen a library of coraplemsentary VL or VH domains, respectively.
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See, e.g., Portolano et al, [ Tromonol, 130:880-887 (1993, Clarkson et al., Nature 352:624-
628 (1991 ).

18197} The ternm “vector” refers to a nucleie acid molecule capable of propagating
angther nucleic acid to which it is inked. The term includes the vector as a selfireplicating
nucleic acid structure as well as the vector incorporated into the genome of a host cell into
which it has been introduced. Certain vectors are capable of divecting the expression of
nucleic acids to which they are operatively linked, Such vectors are referred to herein as
“expression vectors.”

COMPOSITIONS and METHODS

{3198} In one aspect, the iINVERTION is based, in part, on new diagnostic assays and better methods of
treatinent. {o some erobodiments, betier ruethods of treating asthina and other diseases are provided.

Exemplary Antibodies

Anii~ILI3 Antibodies

18199} In one aspect, the invention provides isolated antibodies that bind to buman IL-13.
162664 In one embodiment, the and-1L13 antibody comprises 8 HYR-L1 comprising

amine acid sequence SEQ ID NG 4; an HVR-L2 comprising amuno acid sequence SEQ 1D
NO:15; an HVR-L3 comprising amino acid sequence SEQ HI NO: 16; an HVR-H1
comprising amino acid sequence SEQ ID NG: 1L an HVR-H2 comprising amino acid
sequence SEQ ID NO: 12; and an HVR-H3 comprising amino acid sequence SEQ 1D NO:
i3

16281 In another embodiment, the antibody comprises the variable region sequences
SEG ID NOG:9 and SEQ 1D NO: 18, In another embodiment, the antibody comprises the
variable region sequences SEQ 1D NO: 19 and SEQ 1D NO: 20, In another embodiment, the
antibody comprises the variable region sequences SEQ ID NG: 21 and SEQ ID NO: 26
162624 in any of the above embodiments, an anti-1L-13 antibody can be humanized. In
one embodiment, an anti-1L-13 antibody comprises HVRS as in any of the above
embodiments, and further comprises an acceptor human framework, ¢.g. a haman
fmmunoglobulin framework or a human consensus framework.

[B283] In another aspect, an anti-1L-13 antibody comprises a heavy chain variable
domain {VH ) sequence having at least 909%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence wentity to the amino acid sequence of SEQ 1D NG:9. In certamn
embodiments, a VH sequence having at least 9396, 91%, 92%, 93%, 949, 95%, 86%, 97%,

8%, or 999%; identity containg substitutions {e.g., congervative substitutions), insertions, or



WO 2015/061441 PCT/US2014/061759

deletions relative to the refercnce sequence, but an anti-IL-13 antibody comprising that

w

equence retains the ability to bind to human [L-13. In certain embodiments, a total of 1 1o
1 amino acids have been sabstituted, altered inserted and/or deleted in SEQG IDNOG: 9. In
cortain embodiments, substitutions, insertions, or deletions occur in regions outside the HVRs
{i.e., in the FRs). Optionally, the anti-TL13 antibody corprises the VH sequence in SEQ 1D
NO: 8, mclnding post-translational modifications of that sequence. Optionally, the anti-1L13
antibody comprises the VH sequence in SEQ ID NO: 19, including post-translational
modifications of that sequence. Optionally, the anti-IL 13 antibody comprises the VH
sequence in SEQ ID NO: 21, including post-transiational modifications of that sequence.
[6204] In another aspect, an anti-11-13 antibody 18 provided, wherein the antibody
comprises a light chain vanable domain (VL) having at least 90%, 91%, 92%, 93%, 84%,
95%, 96%, 97%, 98%, 99%, or 1({(% sequence identity to the amino acid sequence of SEQ
DY NGO, In cortain embodiments, a VL sequence having at least 90%, 91% 4, 93%,
B4%, §5%, 96%, 97%, 98%, or 99% identity containg substitutions {¢.g., conservative
substitutions), msertions, or deletions relative 1o the reference sequence, but an anti-1L-13
antibody comprising that sequence retains the ability to bind to [L-13. In certain
crboduments, a total of | 10 10 amine acids have been substituted, inserted and/or deleted in
SEQ D NG 10, In certain embodiments, the substitutions, mnsertions, or deletions occur in
regions cutside the HVRs (i.e., in the FRs). Optionally, the anti-1L-13 antibody comprises the
VL sequence i SEQ 1D NO:Q, including post-translational modifications of that sequence.
Optionally, the anti-1L-13 antibody comprises the VL sequence in SEQ 1D NG 20, including
post-transiational modifications of that sequence. Optionally, the anti-11-13 antibody
comprises the VL sequence in SEQ 1D NO: 22, including post-transiational modifications of
that sequence,

16285] In yet apother embodiment, the anti-TL~13 antibody comprises a VL region
having at least 90%, 9196, 92%, 93%, 94%, 935%, 96%, 87%, 98%, 99%, or 1{{}% sequence
identity 1o the amine acid sequence of SEQ D NO:10 and a VH region having at least 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to the amino
acid sequence of SEQ 1D NO:9. In yet a further embodiment, the anti-1L-13 antibody
comprises a HVR-L1 corprising arnino acid sequence SEQ ID NO:14; an HVR-L2
comprising aming acid sequence SEQ D NG:1S; an HVR-L3 comprising amino acid

sequence SEQ 1D NO: 16; an HVR-HI comprising amino acid sequence SEQ ID NGO an
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HVR-HZ comprising amino acid sequence SEQ ID NO: 12; and an HVR-H3 corprising
amino acid sequence SEQ 1 NO: 13,

[8286] In another aspect, an anti-11-13 antibody 18 provided, wheretn the antibody
comprises a VH as in any of the embodiments provided above, and a VL as in any of the
embodiments provided above,

[B287] In a further aspect, the invention provides an antibody that binds to the same
epitope as an anti-1L-13 antibody provided herein. For example, in certain embodiments, an
antibody is provided that binds to the same epitope as or can by corgpetitively inhibited by an
anti-IL-13 antibody comprising a VH sequence of SEQ 1D NO:9 and a VL sequence of SEQ
ID NO:1

{6208 In a further aspect of the invention, an andt-lL- 13 antibody according to any of
the above embodiment can be & monoclonal antibody, including a chimeric, humanized or
human antibody. In one embodiment, an anti-TL13 antibody s an antibody fragment, e.g., a
Fv, Fab, Fab’, scFv, diabody, or F{ab")2 fragment. Tn another erabodiment, the antibody 5 a
full length antibody, e.g., an intact IgG1 or [gG4 antibody or other antibody class or sotype
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
V1L regions described above.

[3209] 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 1-7 below:

Anti-MY’ Antibedies

18218} In one aspect, the invendon provides isolated antibodies that bind to membrane
proximal M1 region of surface expressed gl on human B cells.

{8211} In one embodiment, the anti-M1 antibody comprises a HVR-L1 comprising
amino acid sequence SEQ 1D NO:6; an HVR-L2 comprising anmino acid sequence SEQ 1D
MNOLT; an HVR-L3 comprising amino acid sequence SEQ D NOE; an HVR-HI comprising
amino acid sequence SEQ 1D N(:3; an HVR-H2 comprising amino acid sequence SEQ 1D
NO:4; and an HVR-H3 comprising amino acid sequence SEQ 1 NG5,

16312} In another embodiment, the antibody comprises the variable region sequences
SEQ 1D NO:1 and SEQ ID KO:2.

6213} In any of the above embodiments, an anti-M 17 anttbody can be humanized. In

one embodiment, an anti-M 1’ antibody comprises HVRSs as in any of the above
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embodiments, and further comprises an aceeptor human frarsework, e.g. 4 human
immunoglobulin framework or a human consensus framework.

6214} In another aspect, an anti-M 1 antibody comprises a heavy chain variable domain
{(VH)} sequence having at least 90%, 91%, 92%, 9396, 94%, 95%, 96%, 97%, 9&%, 99%, or
100% sequence deuntity to the amino acid sequence of SEQ HI NO: 1. In certain
embodiments, 8 VH sequence having at least 909, 919, 92%, 93%, 94%, 95%, 86%, 97%,
08%, or B9%; identity containg substitutions {e.g., conservative substitutions), insertions, or
deletions relative 1o the reference sequence, but an anti-M U antibody comprising that
sequence retains the ability to bind to huoman M1, In certain embodiments, a total of 1 t0 10
amino acids have been substituted, altered mserted and/or deleted in SEQ IDRO:L. In
certain embodiments, substitutions, insertions, or deletions occur in regions ouiside the HVRs
(i.e., in the FRs). Optionally, the anti-M 17 antibody comprises the VH sequence in SEQ ID
NO: 1, including post-transiational modifications of that sequence.

[8215] In another aspect, an anti-M 17 antibody is provided, wherein the antibody
COMPrises a Iight chain variable domain (VL) having at least 90%, 91%, 92%, 93%, 94%,
059, 96%, 97%, 8%, 99%, or 100% sequence identity to the amino acid sequence of SEQ
1D NG:2. In certain embodiments, a2 VL sequence having at least 909%, 91%, 92%, 93%,
84%, 95%, 96%, 97%, IR%, or 99% identity contains substitutions {e.g., conservative
substitutions), insertions, or deletions relative to the reference sequence, bat an anti-M1”
antibody comprising that sequence retains the ability to bind to M7, In certain
embodiments, a total of 1 to 1{ amino acids have been substituted, inserted and/or deleted in
SEQ D NO:2. In certain embodiments, the substitutions, msertions, or deletions occur in
regions outside the HVRs (1.e., in the FRs). Optionally, the anti-M U antibody comprises the
VL sequence in SEQ 1D NO:2, including post-transiational modifications of that sequence.
16316}

at least 90%, 91%, 92%, 939, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity

In vet another embodiment, the anti-M1” anttbody comprises a VL region having

to the amine acid sequence of SEQ 1D NO:2 and a VH region having at least 90%, 91%,

02%, 93%, 94%, 95%, 86%, 979%, 98%, 89%, or 100% scquence dentity to the amino acid
sequence of SEQ D NO: 1. in yet 2 further embodiment, the anti-M 17 antibody comprises a
HVR-LI comprising amino acid sequence SEQ 1D NO:6; an HVR-L2 comprising amino
acid sequence SEQ ID NO:7; an HVR-L3 comprising amino acid sequence SEQ ID NO:R; an

HVR-HI comprising amino acid sequence SEQ D NO:3; an HVR-HZ comprising amnino
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acid sequence SEQ ID NGO4; and an HVR-H3 comprising amino acid sequence SEQ 1D
NS,

8217} In another aspect, an anti-M 7 antibody is provided, wherein the antibody
comprises 8 VH as in any of the embodiments provided above, and a VL as in any of the
embodiments provided above,

[21§] In a further aspect, the invention provides an antibody that binds to the same
epitope as an anti-M1” antibody provided herein, For example, in certain embodiments, an
antibody is provided that binds to the same epitope as or can by corgpetitively inhibited by an
anti-M1’ antibody comprising a VH sequence of SEQ D NO: 1 and a VL sequence of SEQ
ID NG:2.

16219 In a further aspect of the nvention, an anti-M1” antibody according to any of the
above embodiment can be a monoclonal antibody, including a chimeric, humanized or human
antibody. o one embodiment, an andt-M1° antibody is an antibody fragment, e.g., a Fv, Fab,
Fab’, scFvy, disbody, or F(ab™y2 fragment. In ancther embodiment, the antibody s a full
fength antibody, e.g., an intact IgG1 or eG4 antibody or other antibody class or isotype as
defined herein. According to ancther emobodiment, the antibody 18 a bispecific antibody. In
one embodiment, the bispecific antibody comprises the HVRs or comprises the VH and VL
regions described above.

3228 In a further aspect, an anti-M17 antibody according to any of the above
embodiments may incorporate any of the features, singly or in combination, as described in
Sections 1-7 below:

i, Antibody Affinisy

6221} In certain ermbodiments, an antibody provided herein has a dissociation constant
(Kdyof < TuM, < 100 nM, < 10 aM, <1 oM, <81 oM, <0.01 oM, or <0001 oM {e.g. 10-8
M or less, e.g. from 10-8 M t0 10-13 M, e.g., from 13-9 M 10 10-13 M),

{6222} In one embodiment, Kd is mucasured 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 (1250 -labeled antigen in the presence of a
titration series of undabeled antigen, then capturing bound antigen with an anti-Fab antibody-
coated plate (see, e.g., Chen et al, 1. Mol Bioll 293:865-881(1999)). To establish conditions
for the assay, MICROTITER® smulti-well plates (Thermo Scientific) are coated overnight

with 5 ug/ml of a capturing anti-Fab antibody (Cappel Labs) in 50 oM sodiurn carbonate (pH
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8.6), and subsequently blocked with 29 (w/v) bovine serum albumin in PBS {or two to five
hours at roon temperature {approximately 23°C). In 8 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 (1997Y). The Fab of interest 1s then mcubated overnight; however, the
incubation may continue for a fonger pertod {o.g., about 65 hours) to ensure that equilibrinem
is reached. Thereafior, the mixtures are transferred to the capture plate for incubation at
room femperature (e.g., for one hour). The solution s then removed and the plate washed
cight times with 0.1% polysorbate 20 (TWEEN-20®) 1n PBS. When the plates have dried,
150 pl/well of scintillant (MICROSCINT-20 TM; Packard) is added, and the plates are
counted on a TOPCOUNT TM gamma counter (Packard) for ten minuates. Concentrations of
cach Fab that give less than or equal to 20% of maximal binding are chosen for use in
competitive binding assays.

16223} According to another embodiment, Kd is measured using surface plasmon
resonance assays using & BIACORE®R-2000 or a BIACORE ®-3000 (BlAcore, Inc.,
Piscataway, NI} at 25°C with immobilized antigen CMS3 chips at ~ 18 response units (RU)L
Briefly, carboxvmethylated dextran biosensor chips (CMS, BIACORE, Toe.) are activated
with N-ethyl-N- (3-dimethylaminopropy-carbodiimide hydrochioride (EDC) and N-
hyvdroxysuecinimide (NHS) according to the supplicr’s instructions. Antigen is diluted with
10 oM sodwuro acetate, pH 4.8, 10 5 pg/md (0.2 M) before injection at a flow rate of' §
ul/minute to achieve approximately 10 response units (RU) of coupled protein. Following
the injection of antigen, | M cthanolamine 18 injected to block unveacted groups. For kinetics
measyrements, two-fold serial difutions of Fab (.78 nM to 500 nM) are injecied in PBS with
(.05% polysorbate 20 (TWEEN-20TM) surtactant (PBST) at 25°C at a tlow rate of
approximately 25 ul/min. Association rates (kon) and dissociation rates {(koffy are calculated
using a simple one-to-one Langmuir binding model (BIACORE ® Evaluation Software
version 3.2) by simultancously fitting the association and dissociation sensorgrams. The
equilibrium dissociation constant (Kd} is calculated as the ratio kot¥kon. See, e.g., Chen et
al., J. Mol Biol. 293:865-881 (1999}, 1f the on-rate excecds 106 M-1 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 fhuorescence omission
intensity {excitation = 295 nm; erpission = 340 um, 16 nm band-pass) at 250C 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 {Aviy
Instruments) or a 8000-series SLM-AMINCO TM spectrophotometer (ThermoSpectronic)
with a stirred cuvette,

2 Antibody Fragments

16324 In certain embodiments, an anttbody provided herein is an antibody fragroent.
Antibody fragments include, but are not Himited to, Fab, Faly’, Fab’-SH, F(ab")2, Fv, and scFv
fragments, and other fragments described below. For a review of certain antibody fragments,
see Huadson et al. Nat. Med. 9:129-134 (2003). For a review of scFv fragments, see, e.8.,
Pluckthiin, in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore
eds., (Springer-Verlag, New York), pp. 269-315 (1994); see also WO 93/16185; and U.S.
Patent Nos. 5,571,894 and 5,587 458, For discussion of Fab and F{ab"y2 fragments
comprising salvage receptor binding epitope residues and having increased in vivo halt-life,
see ULS. Patent No. 5,868,046,

18225] Disbodies are antibody fragments with two antigen-binding sites that may be
hivalent or bispecific. See, for example, EP 404,097, WO 1993/01161; Hudson et al,, Nat,
Med. 9:129-134 2003); 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).

[6226] Single-domain antibodies are antibody fragments comprising all or a portion of
the heavy chain variable domain or all or & portion of the light chain variable domain of an
antibody. In cortain embodiments, a single-domain antibody is a buman single-domain
antibody (Domantis, Inc., Waltham, MA; sce, ¢.g., U.S. Patent No. 6,248 516 B1).

182271 Antibody fragments can be made by various tochmiques, 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

(8228} In certain embodiments, an antibody provided herein is a chimeric antibody.
Certain chimeric antibodies are described, e.g., in US. Patent No. 4,816,567, and Morrison et
al, Proc. Natl, Acad. Sci. USA, 81:6851-6855 (19843, In one example, a chimeric antibody
compriscs a non-human variable region {¢.g., a variable region derived from a mouse, rat,
hamster, rabbit, or non-human primate, such as a monkey) and a human constant region. Ina

further cxample, a chimeric antibody is 2 “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,

{8229} In certain ernbodinents, a chimeric antibody 1s a humanized antibody. Typically,
a non-human antibody 1s humanized to reduce imumanogenicity to humans, while retaining
the specificity and atfinity of the parental non-human antibody. Generally, a humanized
antibody comprises one or more variable domains in which HVRs, e.g., CDRs, (or portions
thereot) are derived from 2 non-human antibody, and FRs (or portions thereof) are derived
from hurnan antibody sequences. A humanized antibody optionally will also comprise at
feast 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-huran antibody
{e.g., the antibody from which the HVR residues are derived), e.g., 1o restore or improve
antibody specificity or affinity.

6238} Humanized antibodies and methods of making them are reviewed, ¢.g., in
Almagro and Fransson, Front. Biosct. 13:1619-1633 (2008}, and are further described, e.g., in
Riechmann et al,, Natore 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,
Kashmini et al., Methods 36:25-34 (20035) (describing SDR (2-CDR) grafting); Padlan, Mol
Immuonol. 28:4R89-403 (1991 {describing “resurfacing”); Dall’ Acqua et al,, Methods 36:43-
63 (2005 (describing “FR shuffling”); and Osbourn ¢t al., Methods 36:61-68 (2005} and
Kitmka ot al, Br. J. Cancer, 83:252-260 (2000 {describing the “guided selection” approach
to FR shoffling).

16233 Human framework regions that may be used for humanization include but are not
Hiroited to: framework regions selected using the “best-fit” method (see, e.g., Sims et al. J.
Tmanol. 151:2296 {19933, framework regions derived from the consensus sequence of
hurnan antibodies of a particular subgroup of light or heavy chain variable regions (see, ¢.g.,
Carter et al. Proc. Natl. Acad. Sci. USA, 89:4285 (1992); and Presta et al. J. Immanol,,
151:2623 (1993)); human mature (somatically mutated) framework regions or human

., Almagro and Fransson, Front. Biosct, 13:1619-1633

germbine framework vegions (see, ¢
(2008)); and framework regions derived from screening FR libraries (see, e.g., Bacactal, L.
Biok Chem 272:10678-100684 (1997 and Rosok et al,, J. Biol Chem, 271:22611-22618
{1996)).

4, Human Antibodies
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162321 In certain embodiments, an antibody provided herein is a buman antibody.
Human antibodies can be produced using various techniques known in the art. Human
antibodies are described generally in van Digk and van de Winkel, Curr. Opin. Pharmacol. 5:
368-74 {2001} and Lonberg, Curr. Opin. Imomimol. 20:45(-459 (2008).

16233 Human antibodies may be prepared by administering an immunogen to a
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 imununoglobulin loct, which replace the
endogenous mmmunoglobulin loct, or which are present extrachromosomally or integrated
randomly into the animal’s chromosomes. In such transgenic mice, the endogenous
irnmunoglobolin loci have generally been inactivated. For review of methods for obtaining
human antibodies from transgenic animals, see Lonberg, Nat. Biotech, 23:1117-1125 (20035).
See also, e.g., U.S. Patent Nos. 6,075,181 and 6,150,584 describing XENOMOUSETM
technology; ULS, Patent No. 5,778,428 describing HUMAB® technology: U.S. Patent No.
7,041,870 describing K-M MOUSE® technology, and U.S. Pateut Application Pablication
No. US 2007/0061900, deseribing VELOCIMOUSE® technology). Human vanable regions
from intact antibodies generated by such animals may be further modified, ¢.g., by combining
with a different lninan constant region.

{3234} 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., Korbor I Immunel,, 133: 3001
{1924); Brodeur ¢t al., Monocional Antibody Production Techriques and Applications, pp.
51-63 (Marcel Dekker, Inc., New York, 1987} and Boerner et al., I Tmmunol,, 147: 86
(1991).) Human antibodics gencrated via human B-cell hybridoma technology are also
described in Li et al, Proc. Natl, Acad. Sci. USA, 103:3557-3562 (2006). Additional
methods inchide those described, for example, in U.S. Patent No. 7,189,826 {describing
production of monocional human 1gM antibodies from hybridoma cell lines) and Ni, Xiandai
Mianyixue, 26(4):265-268 (2006) {describing haman-human bybridorsas). Human
hvbridoma technology (Trioms technology) is also described in Vollmers and Brandlein,
Histology and Histopathology, 20(33:927-937 (2005) and Vollmers and Brandiein, Methods
and Findings in Experimental and Clinical Pharmacology, 27(3):185-91 (20055

162351 Human antibodies may also be generated by isolating Fv clone variable domain

sequences selected from homan-devived phage display libraries. Such variable domain

[o3]
o
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sequences may then be combined with a desived human constant domain. Techmgaes for
selecting human antibodies from antibody libraries are described below,

8 Library-Berived Antibodies

[6236] Antibodies of the invention may be isolated by screening combinatorial hibranies
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, ¢.g., in
Hoogenboom et al. in Methods in Molecular Biology 178:1-37 {(("Brien et al., ed., Human
Press, Totowa, NJ, 2001) and further described, e.g., in the McCafferty 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, N1, 2003); Sidhu et al,, 1. Mol Biol. 333(2): 299-310 (20604); ee
et al., J. Mol Biol, 348(5): 10731093 (2004}, Fellouse, Proc. Natl. Acad. Sci. USA 10134}
12467-12472 (2004); and Lee ot al,, I. Immunol, Methods 284(1-2): 119-132(2004).

162371 i certain phage display methods, repertoires of VH and VL genes are separately
cloned by polymerase chain reaction (PCR) and recombined randomly in phage libraries,
which can then be screened for antigen-binding phage as described in Winder 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 imnmnized sources
provide high-affinity antibodies to the immunogen without the requirersent 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-sclf and also self antigens without any
immunization as described by Griffiths etal, EMBO [, 12; 725-734 {(1993). Finally, naitve
libraries can also be made synthetically by cloning unrcarranged V-genc segments from stem
cells, and using PCR primers containing random sequence o encode the highly variable
CDR3 regions and to accomplish rearrangerment in vitro, as described by Hoogenboom and
Winter, J. Mol. Biol,, 227: 381-388 (1992). Patent publications describing huran antibody
phage libraries include, for example: US Patent No. 5,758,373, and US Patent Poblication
Nos, 2005/6079574, 2005/0119455, 2005/0266000, 2007/0117126, 2007/0160598,
2007/0237764, 2607/0292936, and 2009/8002360.

{8238} Antibodies or antibody fragments isolated from human antibody libraries are
considered huraan antibodics or human antibody fragments herein,

& Multispecific Antibodies
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16239 In certain embodiments, an antibody provided herein is a8 moltispecific antibody,
.g. a bispecific antibody. Multispecific antibodies are monocional antibodies that have
binding specificities for at least two different sites. In certain embodiments, one of the
binding speciﬁcities is for IL-13 and the other is for any other antigen. In certain
embodiments, bispecitic antibodies may bind to two different epitopes of {L-13. Bispecific
antibodies may also be used to locahize cytotoxic agents to cells. Bispecific antibodies can be
prepared as full length antibodies or a,ntibody fragments.

16340} Techuigues for making multispecific antibodies nchude, but are not Himiuied to,
recombinant co-expression of two immunoglobulin heavy chain-light chain pairs having
different specificities (soe Milstein and Cuello, Nature 305: 537 (1983 )}, WO 93/08829, and
Traanecker et al,, EMBO I, 10: 3655 (1991)), and “knob-in-hole” engineering (see, e.g., U.S.
Patent No. 5,731,168). Multi-specific antibodics may also be made by engineering
clectrostatic steering effects for making antibody Fe-heterodimeric molecules (WO
2009/389004A 1); cross-linking two or more antibodies or fragments (see, e.g., US Patent No.
4,676,980, and Brennan et al,, Science, 229: 81 (1985)); using leucine zippers o produce bi-

specific antibodies (see, e.g., Kostelny et al, 1. Imwnunol., 14R(53:1547-1353 (1992)); using
“diabody” technology for making bispecific antibody fragments {see, ¢.2., Hollinger ¢t al,
Proc. Natl, Acad. Sci. USA, 90:6444-6448 (1993)); and using single-chain Fv (sFv) dimers
{(see,e.g. Gruber et al, J. Immunol,, 152:5368 (1994)); and preparing trispecific antibodies as
described, e.g., in Tutt et al. 1. mounol, 147 60 (1991,

162411 Engineered antibodies with three or more functional antigen binding sites,
including “Octopus antibodies,” are also inchuded herein {see, e.g. US 2006/0025576 A1)
(3242} The antibody or fragroent herein also includes a “Dual Acting FADB” or “DAF”
comprising an antigen binding site that binds to 1L-13 as well as another, different antigen
(see, US 200R8/0069%29, for cxample),

7. Antibody Variants

(6243} In certain embodiments, amino acid sequence variants of the antibodies provided
hercin are conteraplated. For exaraple, it may be desirable to improve the binding affinty
and/or other biological properties of the antibody. Amino acid sequence vartants of an
antibody may be prepared by introducing appropriate modifications into the nucleotide
sequence encoding the antibody, or by peptide synthesis. Such modifications mclude, for
example, deletions from, and/or insertions into and/or substitutions of residues within the

amine acid sequences of the antibody. Any combination of deletion, insertion, and
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substitution can be made to arrive at the final construct, provided that the final construct
possesses the desired characteristics, e.g., antigen-binding,

Substitution, lusertion, and Deletion Variands

244} In certain embodiments, antibody variants having one or more aming acid
substitutions are provided. Sites of interest for substititional mutagenesis include the HVRs
and FRs. Conservative substituiions are shown in Table | under the heading of “conservative
substitutions.” More substantial changes are provided in Table 1 under the heading of
“cxeraplary substitutions,” 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 destred activity, ¢.g., retained/improved antigen binding,
decreased immounogenicity, or improved ADCC or CDC.

TABLE

Original Excemplary Conservative
Residue Substitutions Substitutions
Ala {A) Val; Leu; lle Val
Arg (R} Lys; Ging Asn Lys
Asn (N} (in; His; Asp, Lys; Arg Glin
Asp (D) Glu; Asn Gl
Cys (T} Ser; Ala Ser
Gin (Q) Asm Glu Asn
Ghu (8 Agp: Gln Asp
Giv ((G) Ala Ala
His (H) Asg Ging Lys; Arg Arg
e (1) Lew; Val; Met; Ala; Phe; Norleueine Leu
Leu (L) Norleucing; Ile; Val; Met; Ala; Phe ile
Lys (K) Arg; Gl Aso Arg
Met (M) Leu; Phe; Hie Leu
Phe (F) Try; Lew; Val; Ue; Ala; Tyr Tyr
Pro (P} Ala Ala
Ser (S) Thr Thr
Thr (T} Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr {Y) Trp; Phe; Thr, Ser Phe
Val (V) Tie: Leu: Met; Phe; Ala; Norleucine Len
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16245} Amine acids may be grouped according to common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, le;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gl

{3y acidic: Asp, Ghy;

{(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

{6) aromatic: Trp, Tyr, Phe.
6248} Non-conservative substitations will entail exchanging a member of one of these
classes for another class.
16247} One type of substitutional variant involves substituting one or more hypervariable
region residues of a parent antibody {e.g. a humanized or homan antibody). Generally, the
resulting vartant(s) selected for further study will have modifications {e.g., mprovements) in
certain biological properties (e.g., increased affinity, reduced immunogenicity ) relative to the
parent antibody and/or will have substantially retained certain biological properties of the parent
antibody, An exemplary substitutional variant s an affinity matured sntibody, which may be
conveniently generated, e.g., using phage display-based affinity maturation technigues such as
those described herein. Briefly, one or more HVR residucs are nuutated and the variant
antibodies displayed on phage and screened for a particular biological activity (g.g. binding
affinity).
3248} Alterations (e.g., substitutions ) may be made in HVRs, e.g., to improve antibody
affinity. Such alterations may be made 1in HVR “hotspots,” 1.e., residues encoded by codons that
undergo mutation at high frequency during the somatic raaturation process (see, e.&.,
Chowdhury, Methods Mol Biol, 207:179-196 (2008}, and/or SDRs (a-CDRg), with the
resulting variant VH or VL being tested for binding affinity. Affinify maturation by constructing
and reselecting from secondary libraries has been described, e.g., in Hoogenboom et al. in
Methods in Molecular Biology 178:1-37 ((’Brien et al., ed., Human Press, Totowa, NI, (2001).)
In some crubodiraents of affinity reaturation, diversity 5 idroduced wito the variable genes
chosen for maturation by any of a vartety of methods (e.g., error-prone PCR, chain shniffling, or
oligonuclectide-directod nutagenesis). A secondary library is thon created. The library s 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 residucs

at a time) are randomized. HVR residues involved 1 antigen binding may be specifically

2]
I
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identified, e.g., using alanine scanning mutagenesis or modeling. CDR-H3 and CDR-L3 in
particular are often targeted.

{(3249] 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
o bind antigen. For example, conservative alterations (€.g., conservative substitutions as
provided hevein) that do vot substantially reduce binding affinity may be made in HVRs, Such
alterations may be outside of HVR “hotspots”™ or SDRs. In certain embodiments of the variant
VH and VL sequences provided above, each HVR either s unaliered, or contains no more than
one, two or three aming acid substitutions.

18258 A useful method for identification of residues or regions of an antibody that may be
targeted for motagenesis is called “alanine scanning mutagenesis” as described by Cunningham
and Wells (1929) Science, 244:1081-1085. In this method, a residue or group of target residucs
{¢.g., charged residues such as arg, asp, his, lys, and gly) are identified and replaced by a noutral
or negatively charged amino acid {¢.g., alanine or polyalaning) to determine whether the
interaction of the antibody with antigen is affected. Further substitutions may be introduced at
the amine acid locations demonstrating functional sensitivity 1o the imtial substitutions.
Alernatively, or additionally, a crystal stracture of an antigen-antibody complex to identity
contact points between the antibody and antigen. Such contact residaes and neighboring residues
may be targeted or eliminated as candidates for substitution. Variants may be screened to
determine whether they contain the destred properties.

18251} Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more residues, as
well as intrasequence nsertions of single or multiple arvino acid residues. Examples of torminal
msertions include an antibody with an N-terminal methionyl residue. Other insertional variants
of the antibody wolecule tuclude the fusion to the N- or C-ternunus of the antibody 10 an enzyme
{e.g. for ADEPT) or a polypeptide which mcreases the serum half-life of the antibody.

{zlveasviation variants

16252} In certain embodiments, an antibody provided herein is altered to tncrease or
decrease the extent to which the antibody is glycosylated.  Addition or deletion of glvcosyiation
sites 10 an antibody may be conveniently accomplished by altering the amino acid sequence such
that one or more glycosylation sites is created or removed.

6283} Where the antibody comprises an Fe region, the carbohydrate attached thereto may

be altered. Native antibodies produced by rearamalian cells typically comprise a branched,
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biantennary oligosaccharide that is generally attached by an N-linkage to Asn297 of the CH2
domain of the Fec region. See, ¢.g., Wright etal. TIBTECH 15:26-32 {1997}, The
oligosaccharide may include various carbohydrates, ¢.g., mannose, N-acetyl ghucosamine
{GlcNAg), galactose, and sialic acid, as well as a fucose attached 1o a GleNAc in the “stem™ of
the biantennary oligosaccharide structure. {n 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.

8254} In one embodiment, antibody variants are provided having a carbohydrate structure
that lacks fucose attached (directly or indirectly) to an Fc region. For example, the amount of
fucose 1n such antibody may be from 1% 1o 80%, from 1% to 65%, from 5% 1o 65% or from
20% 10 40%. The amount of fucose is determined by calculating the average amount of fucose
within the sugar chain at Asn297, relative to the sum of all glycostructures attached to Asn 297
{e. g. complex, hvbrid and high mannose structures) as measured by MALDETOF mass
spectrometry, as described in WO Z008/077546, for example. Asn297 refers to the asparagine
residue located at about position 297 in the Fe region (Eu numbering of Fe region residucs);
however, Asn297 may also be located about + 3 aming acids upstream or downstream of
position 297, 1.¢., hetween 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
WNos, US 2003/01 57108 (Presta, L.y US 2004/0093621 (Kyowsa Halko Kogyo Co., Lid)
Examples of publications related to “defucosylated” or “ficose-deficient” antibody variants
mclude: US 2003/0157108; WO 2000/61739; WO 2001/29246; US 2003/0115614; US
2002/0164328; US 2004/009362 1, US 2004/01 32 140; US 2004/0110704; US 2004/0110282;
US 2004/0109865; WO 2003/085119; WO 2003/084570; WO 2005/035586; WO 2005/8035778;
WO2005/053742; WO2002/031140; Okazaki et al. J. Mol Biol. 336:1239-1249 (2004);
Yarnane-Ohmala et al. Biotech. Biceng. §7: 614 (2004). Examples of cell hines capable of
producing defucosylated antibodies include Lec 13 CHO cells deficient in protein fucosylation
{Ripka et al. Arch. Biochem. Biophys. 249:533-545 (1986, US Pat Appl No US 2003/0157108
AL, Presta, L; and WO 2004/056312 AL, Adams ¢t al, especially at Example 113, and knockout
cell Hines, such as alpha-1,6-fucosyltransforase gene, FUTR, knockout CHO cells {see, e.g.,
Yamane-Uhnuki et al. Biotech. Bioeng. 87: 614 (2004); Kanda, Y. ¢t al,, Biotechnol. Bioeng,,
S4(4y.680-688 (2006); and WO2003/035107).

16255} Antibodies vartants are further provided with bisected oligosaccharides, e.g., in

which a biantennary oligosaccharide attached to the Fe region of the antibody is bisected by
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GleNAg. Such antibody vartants may have reduced fucosylation and/or improved ADCC
function. Examples of such antibody variants are described, e.g., in WO 2003/011878 (Jean-
Mairet et al.}y; US Patent No. 6,602,684 (Umana et al); and US 2005/46123546 (Umana et al).
Antibody variants with at least one galactose residue in the oligosaccharide attached to the Fe
region are also provided. Such antibody vartants may have improved CDC function. Such
antibody variants are described, ¢.g., in WO 1997/30087 (Patel et al. ), WO 1998/58964 {(Raju,
S.3; and WO 1999722764 (Raju, S.).

Fe region varianis

j256] In certain embodimenis, one or more amino acid modifications may be introduced
o the Fo region of an antibody provided herein, thereby gencrating an Fe region variant. The
Fe region variant may coraprise a human Fo region sequence {¢.g., 8 human IgGl, 1gG2, 1gG3 or
1g(34 Fe region) comprising an aming acid modification {c.g. a substitution} at one of more
amino acid positions,

3257} In certain embodiments, the invention conternplates an antibody variant that
possesses some but not all effector functions, which make it a desivable candidate for
applications in which the half hife of the antibody in vive is important yet certain effector
functions (such as complement and ADCC) are unnecessary or deleterious. fn vitro and/or in
vivo eyiotoxicity assays can be conducted to confirm the reduction/depletion of CBC and/or
ADCC activities. For example, Fe receptor (FeR) binding assays can be conducted to ensure that
the antibody lacks FoyR binding thence hikely lacking ADCC activity), but retains FeRn binding
ability. The primary cells for mediating ADCC, NK cells, express FoyRIT only, whereas
monocytes express FoyR], FoyRU and FoyRIHL FeR expression on hematopoietic cells is
summarized in Table 3 on page 464 of Ravetch and Kinet, Anou. Rev. framumol. 9:487-492
{1991). Non-limiting exarnples of in vitro assays to assess ADCC activity of a molecule of
fntercst is described in ULS. Patent No. 5,500,362 (see, e.g. Hellstrorg, L et al. Proc, Nat'l Acad.
Sci. USA 83:7058-7063 (1986)) and Hellstrom, I et al., Proc. Nat’l Acad. Sci. USA 82:1499-
1502 (1933); 5,821,337 (sce Bruggeroars, M. et al, 1. Exp. Med. 166:1351-1361 (1987)).
Alternatively, non-radicactive assays methods may be emploved (see, for example, ACTI™ pon-
radicactive cytotoxicity assay for flow cytometry (CellTechnology, Inc. Mountain View, CA;
and CytoTox 968 non-radicactive cytotoxicity assay (Promega, Madison, W1, Useful effector
cells for such assays include peripheral blood mononuciear cells (PBMC) and Natural Killer
(NK eelis. Alternatively, or additionally, ADCC activity of the molecule of utercst may be

assessed in vivo, e.g., in a animal model such as that disclosed in Clynes et al. Proc. Nat'l Acad.
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Sci. USA 95:652-656 (1998). Clg binding assays may also be carried out to confivm that the
antibody is unable to bind Clq and hence lacks CDC activity, See, ¢.g., Clg and C3c¢ binding
ELISA in WO 2006/029879 and WO 2005/100402. To assess complement activation, 8 CBC
assay may be performed (see, for example, Gazzano-Santoro et al, 1 Immunol. Meothods
202:163 (1996); Cragg, M.S. et al, Blood 101:1045-1052 (2003); and Cragg, MLS. and ML
Glennie, Blood 103:2738-2743 (2004)). FcRu binding and in vivo clearance/half life
determinations can also be performed using methods known in the ant (see, e.g., Petkova, SR, ot
al., Int’L Tenmunel, 1R(1211759-1769 (2006)).

[28R] Antibodies with reduced effector function include those with substitution of one or
maore of Fe region residues 238, 265, 269, 270, 297, 327 and 329 (.S, Patent No. 6,737,056},
Such Fo mutants inchude Fo mutants with substitutions at two or more of aming acid positions
2635, 269, 270, 297 and 327, inchading the so-called “DANA” Fo mutant with substitution of
residues 265 and 297 to alanine (UJS Patent No. 7,332,581

[B259] Certain antibody variants with improved or diminished binding to FeRs are
described. (See, e.g., UK, Patent No. 6,737,056; WO 2004/056312, and Shields et al,, J. Biok
Chermn, 8(2): 6591-6604 (2001).)

[B26d In certain embodiments, an antibody vartant comprises an Fe region with one or
more amino acid substitutions which improve ADCC, e.g., substitutions at positions 298, 333,
and/or 334 of the Fe region (EU mumbering of residues).

0261} In some embodiments, alterations are made in the Fe region that result in altered
{i.e., either improved or diminished) Clg binding and/or Complement Dependent Cytotoxicity
(CDO), e.g., as described in US Patent No. 6,194,551, WO 99/51642, and Idusogic et al. L
Imwounol. 164: 4178-4184 (2000).

8262} Antibodies with increased half lives and tmproved binding to the seonatal Fe
receptor (FeRa), which is responsibie for the transfer of maternal fgGs to the fetus (Guyer et al.,
J Towounol 117:587 (1976) and Kim et al, J. fmmunol, 24249 (1994)), are described m
US2005/0014934A1 (Hinton et al.). Those antibodies comprise an Fe region with one or more
substitutions therein which tmprove binding of the Fe region to FeRa. Such Fe vartants include
those with substitutions at one or more of Fe region resicdhies: 23R, 256, 265, 272, 286, 303, 305,
307,311, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 413, 424 or 434, ¢.g., substitution of
Fe region residue 434 (US Patent No. 7,371,826).

j8263] See also Duncan & Winter, Nature 322:738-40 (1988 U8, Patent No. 5,648,260,
.S, Patent No. 5,624,821; and WO 94/29351 concerning other examples of Fe region variants.
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Cvsteine engineered antibody varianis

6264} In certain embodiments, it may be desirable to create cysicine engineered antibodies,
.8, “thioMAbs,” in which one or more residues of an antibody are substituted with cysteine
restdues. In particular embodiments, the sabstitited residues occur at accessibie sites of the
antibody. By substituting those residues with cysteine, reactive thiol groups are thereby
posttioned at accessible sttes of the antibody and may be used o conjugate the antibody to other
maieties, such as drug moieties or linker-drug moicties, 10 create an mmupnoconjugate, as
described further herein, In certain erabodiments, any one or more of the following residues ray
be substitated with cysteine: V205 (Kabat numbering) of the light chain; A118 (EU mumbering)
of the heavy chain; and 5400 (EU numbering) of the heavy chain Fe region. Cysteine
enginecered antibodies may be generated as desceribed, e.g., in U.S. Patent No. 7,521,541,

Antibady Derivatives

[0265] In certain embodiments, an antibody provided hercin may be further moditied to
contain additional nonproteinacecus moieties that are known in the art and readily available, The
moietics suitable for derivatization of the antibody include but are not limited to water solubie
polymers. Non-tirniting exarples of water soluble polymers inchide, but are not imited to,
polyethylene glveol (PEG), copolymers of ethylene glycol/propylene glyeol,
carboxymethyleelinlose, dextran, polyvinyl aleohol, polyviny! pyrrolidone, poly-1, 3-dioxolane,
poly-1,3,0-trioxane, cthylene/maleic anhydride copolymer, polyaminoacids {cither
homopolyraers or random copolymers), and dextran or polv(n-vinyl pyrrolidone polyethylene
ghveol, propropylene glycol homopolymers, prolypropylene oxide/ethylene oxide co-polymers,
polyoxyethylated polyols (e g, glyceroly, polyvinyi alcohol, and mixtures thereof. Polyethylene
glycol propionaldehyde roay have advantages in manufacturing due to s stability 1n water. The
polymer may be of any molecular weight, and may be branched or unbranched. The number of
polymers attached 1o the antibody may vary, and if raore than one polymer is attached, they can
be the same or different molecules. In general, the mumber and/or type of polymers used for
derivatization can be determined based on congiderations inchiding, but not lmited to, the
particular properties or fanctions of the antibody to be improved, whether the antibody derivative
will be used in a therapy under defined conditions, gtc.

G266} In another embodiment, conjugates of an antihody and nonproteinacecus moiety that
may be selectively heated by exposure to radiation are provided. In one embodient, the
RONPToteinaceous maeiety is a carbon nanctube (Kam et al., Proc. Natl, Acad. Sci. USA 102:

11600-11605 (2005)). The radiation may be of any wavelength, and mcludes, but 18 not linited
L j) ) Yy g
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1o, wavelengths that do not harm ordinary cells, but which beat the nonproteinaceous moiety to a
temperature at which cells proximal to the antibody-nonproteinaceous moiety are killed.

Recombinant Methods and Compositions

8267} Antibodies may be produced using recombinant methods and composifions, ¢.g., as
described in U8, Patent No. 4,816,567, In one embodiment, isolated nucleic acid encoding an
antibody described herein is provided. Such mucleic acid may encode an amino acid sequence
comprising the VL and/or an amino acid sequence comprising the VH of the antibody (e ., the
hight and/or heavy chains of the antibody). In a further embodiment, one or meore vectors {€.g.,
gxpression vectors) comprising such nucleic acid are provided. In a further embodiment, a host
cell comprising such nucleic acid s provided. Inone such embodiment, a host cell comprises
{e.g., has been transformed with): (1) a vector comprising a mucleic acid that encodes an amino
acid sequence comprising the VL of the antibody and an amino acid sequence comprising the
VH of the antibody, or (2) a first vector comprising a nocleic acid that encodes an amino acid
sequence conprising the VL of the antibody and a second vector comprising 8 nucleic acid that
encodes an amine acid sequence comprising the VH of the antibody, 1o one ernbodiment, the
host cell is eukaryotic, e.g. a Chinese Hamster Ovary (CHO) cell or ymphoid eell (e.g., YO,
NSO, Sp20 cell). [u one embodiment, a method of making an antibody is provided, wherein the
method comprises culturing a host cell comprising & nucleic acid encoding the antibody, as
provided above, under conditions suitable for expression of the antibody, and optionally
recovering the antibody from the host eell (or host cell culture mednum).

[B268] For recombinant production of an antibody, nucleic acid encoding an antibody, ¢.3.,
as described above, is isolated and inserted into one or more vectors for further cloning and/or
exprossion in a host cell. Such nucleic acid may be readily isolated and sequenced using
conventional procedures {e.2., by using oligonucieotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of the antibody).

10269] Suitable host cells for cloning or expression of antibody-cucoding vectors fnchude
prokaryotic or eukarvotic cells described herein. For example, antibodies may be produced in
bacteria, in particular when glycosylation and Fe effector function are not needed. For
expression of antibody fragments and polypeptides in bacteria, see, e.g., 1.5, Patent Nos.
5,648,237, 5,789,199, and 5,840,523, {See also Charlton, Methods in Molecular Biclogy, Vol
248 (B K.C. Lo, ed,, Humana Press, Totowa, NI, 2003), pp. 245-254, describing expression of
antibody fragments in E. coli.) Afier expression, the antibody may be tsolated from the bacterial

cell paste in a soluble fraction and can be forther purified.
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3278 In addition to prokarvotes, eukaryotic microbes such as filamentous fungt or yeast
are suitable cloning or expression hosts for antibody-encoding vectors, including fungt and yeast
strains whose glycosylation pathways have been “humanized,” resulting 1o the production of an
antibody with a partially or fully human glvcosylation pattern. See Gerngross, Nat. Biotech.
22:1409-1414 (2004), and L ot al,, Nat. Biotech. 24:210-21 5 (2006).

10271} Suitable host cells for the expression of glycosylated antibody are also derived from
mudticelinlar organisms {invertebrates and vertebrates). Examples of invertebrate cells inclade
plant and nsect colls. Numerous baculoviral strains have been identified which may be used
conjunction with nsect cells, particularly for transfection of Spodoptera frugiperda cells.

9272} Plant cell cultures can also be utilized as hosts. See, e.g., US Patent Nos, 5,959,177,
6,040,493, 6,420,548, 7,125,973, and 6,417 429 (describing PLANTIBODIESTM technology
for producing antibodies in transgenic plants).

{8273 Vertehrate cells may also be used as hosts, For example, mammalian cell lines that
are adapted to grow in suspension may be useful. Other examples of usetul mammalian host cell
fines are monkey kidney CV1 line transformed by SV40 (COS-7y; human embryonic kidney hine

AN\
’
i

{293 or 293 cells as described, ¢.g., in Graham et al,, 1. Gen Virol 36:5% (1977}); baby haroster
kidney cells (BHK ), mouse sertoli cells {TM4 cells as described, e.g., in Mather, Biol. Reprod.
23:243-251 {1980)); monkey kidney cells (CV1); African green monkey kidney cells (VERO-
76); hurnan cervical carcinoma cells (HELA); canine kidoey cells (MDCK; buffalo rat hiver cells
(BRL 3A); human fung cells {W138); human liver cells (Hep G2); mouse mamniary fumor
(MMT 060562); TRI cells, as described, e.g., in Mather ot al,, Annals NUY. Acad. Sci. 383:44-68
{19823 MRC S cells; and FS4 cells. Other useful mammalian host cell lines inclnde Chinese
haraster ovary (CHO) cells, including DHFR- CHO cells (Urdaub ot al,, Proc, Natl, Acad. Sci.
USA 774216 (1980)); and myeloma cell fines sach as Y8, NSO and Sp2/0. For a review of

ortain mammalian host cell lines suitable for antibody production, see, ¢.2., Yazaki and Wy,
Methods 1o Molecalar Biology, Vol. 248 (B.K.C. Lo, ed., Humana Press, Totowa, NI), pp. 255-
268 (2003).

Methoeds and Compositions for Diagnoestics angd Detection

{68274} The present tnvention is based at least in part on the use of specific biomarkers
{¢.g., one or more of CSFI, MEIS2, LGALSIZ, IDOT, THRS4, OLIG2, ALOX1S, SIGLECS,
CCL23, PYROXD?2, HSD3B7, SORD, ASB2, CACNGSH, GPR44, MGATI, SLC4TAL,
SMPD3, COR3, CLC, CYP4F12, and ABTBEZ, and combinations thereof) to identify subjects

maore or less likely to respond to therapeutic treatment with a TH2 pathway inhibitor. Thus,

76



WO 2015/061441 PCT/US2014/061759

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 asthyoa patient or a respirvatory
disorder patient, and the sarople could be examined by various i virre 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 feast 1, 2, 3, 4, 8, 6, 7, or more of CSF1,
MEIS2, LGALSTZ, IDOT, THBS, OLIG2, ALOX1S, SIGLECE, CCL2Z3, PYROXDZ,
HSD3B7, SORD, ASB2, CACNGS, GPR44, MGAT3, SLC47AL, 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 TH2 pathway imhibitor.

6275} Biomsarkers, wchuding proteins or nucleic acids, can be detected or mueasured
using methods generally kanown 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 limitec
to mRNA, ¢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). It is generally known to the skilled artisan which of the following
methods are suitable for qualitative and/or for quantitative detection of a biomarker. Saroples
can be conveniently assaved for, ¢.g., proteins using Westerns and imnwnoassays, like
ELISAg, RIAs, fluorescence-based inymunoassays, as well as mRNAg or DNAg from a
genetic biomarker of interest using Northern, dot-blot, polymerase chain reaction (PCR)
analysis, array hybridization, RNasce protection assay, or using DNA SNP chip microarrays,
which are commercially available, including DNA microarray snapshots. Further suitable
methods to detect biomarker include measuring a physical or chemical property specitic for
the peptide or polypeptide such as s precise molecular mass or NMR spectram. Said
methods comprise, e.g., biosensors, optical devices coupled to immunoassays, biochips,
analytical devices such as mass- spoctrometers, NMR- analyzers, or chromaatography devices.
Further, methods include microplate ELISA-based methods, fully-automated or robotic
mununeassays (available for exaraple on BlecsysTM analyzers), CBA (an enzymatic Cobalt
Binding Assay, available for example on Roche-HitachiTM analvzers), and latex

agelutination assays (available for example on Roche-HitachiT™M analyzers).
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16276} 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 biornarker, usually a biomarker molecule present i the
sample. For example, if the biomarker is a nucleic acid amphifying the nucleic acid refers to
the production of a phurality of mucleie acid wolecules from a target nucleic acid whercin
primers hybridize to specific sites on the target nucleic acid molecules n order to provide an
mititation site for extension by, ¢.g. a polymerase. Amplification can be carried out by any
method generally known in the art, such as but not lirotted to: PCR-based amplification
methods, such as standard PCR, tong PCR, hot start PCR, gPCR, and RT-PCR; isothermal
amplification methods, such as nucleic acid sequence—based aroplification (NASBA) and the
transcription-mediated amplification (TMA); and hybridization signal amplification methods,
such as the branched DNA assay method.

182771 In certain ernbodimpents, expression/amount of 4 gene or biomarker in a sarple 18
increased as compared to expression/amount in a reference population if the expression
fevel/amount of the gene or bioroarker in the sample is greater than the expression
fevel/amount of the gene or biomarker in reference population. Similarly, expression/amounnt
of a gene or biomarker in a sample is decreased as compared 0 expression/amount in a
reterence population if the expression level/amount of the gene or biomarker in the ample 18
fess than the expression level/amount of the gene or biomarker in the reference population.
[B8278] In certain ernbodiments, 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 wean or median signal of ali of the assaved genes ora
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 cach mRNA or protein per tested tumor per
patient can be expressed as a percentage of the expression fevel measured in the reference set,
The expression level measured in a particular patient sample to be analyzed will fall at some
percentile within this range, which can be determined by methods known in the art.

16274 The expression fevel of the biomarker(s) of interest and of a housckeeping gene

can be measured from a biological sample from an asthma patient or a respiratory disorder
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patient. The resulting detection data {(e.g., Ct data) of the biorvarker{s) can be normalized
against the detection data for the housckeeping 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 sare biomarker(s) of interest froma
biological sample from two or more healthy persons can be detected using the same methods,
and the mean value and standard deviation tor the healthy persons data can be caleunlated.
Alternatively, if substitute values (e.g., a control{s)} has been developed for the same method,
then those values can be used in piace of testing healthy persons.
(8288 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
vahie, 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 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

nedian or mean Ct or ACt value of the healthy persons as follows: (1) a theeshold 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 valoe of the mean Ct or ACt value of healthy persons {ora
control} or two standard deviations above the mean Ct or ACt value of healthy persons (or
control{s}).
8281} Ct 15 the threshold ¢yele. The Ct s the eycle number at which the fluorescence
generated within a reaction crosses a predefined threshold line.
162821 In some embodiments, experiments are normalized to a veference RNA, which i
a comprehensive mix of RNA from various tissue sources (€.g., reference RNA #636538
from Clontech, Mountain View, CA). In another embodiment, the reference RINA 18
transterrin receptor (TFRC). In some embodiments, the same reference RNA is included in
gach gRT-PCR run, allowing comparison of resulis between different exporimental runs.
[B8283] A biological sample coraprising & target gene or biomarker can be obtained by
methods known i the art. In addition, the progress of thevapy can be monitored more easily

by testing such body samples for target genes or gene products.
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16284 For the detection of biomarker proteins a wide range of imrsunoassay technigues
using such an assay format arc availabie, see, e.z., U.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
inchude direct binding of a labeled antibody 1o a target biomarker, In certain embodiments,
the expression of proteins in a sample is examined using immunohistochemistry (“IHC”) and
staining protocols., Immunohistochemical staining of tissue sections has been shown to be a
reliable method of assessing or detecting presence of proteins in a sample.
Immunchistochemistry techniques utilize an antibody to probe and visualize cellular antigens
in situ, generally by chromogenic or fluorescent methods.

[6285] 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 4 labeled reagent, such as a fluorescent tag or an enzyme-labeled privaary anttbody,
which can be visualized without further antibody interaction. In a typical indirect assay,
unconjugated priroary 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
tabel, a chromogente 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.

{3286} The primary and/or secondary antibody tvpically will be labeled with a detectable
motety. Numerous labels arve available which can be geverally grouped into the following
categories:

5o

. 3 128y 3y Py ;
{a) Radioisotopes, such as 77§, e B, and Y The antibody can be labeled

with the radigisotope using the techniques described in Current Protocels in
Immunology, Voluraes 1 and 2, Coligen er ol Ed. Wilcy-Interscience, New York,
New York, Pabs, (1991 for example and radicactivity can be measured using
scintillation counting,

{b) Colloidal gold particles.

{C} Fhuorescent labels including, but are not limited to, rare earth chelates
{europtum chelates), Texas Red, rhodamine, fluorescein, dansyl, Lissamine,
umbelliferone, phyvcocrytherin, phycocyanin, or commercially avatlable fuorophores

such SPECTRUM ORANGE? and SPECTRUM GREE

{7 and/or derivatives of any

one or more of the above. The fluorescent Iabels can be conjugated to the antibody
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using the techniques disclosed i Current Protocols in fmmunology, supra, for
exaraple, Fluorescence can be quantified using a fhuorimeter.

(dy  Various enzyme-substrate labels are avatlable and US. Patent No. 4,275,149
provides a review of some of these. The enzyme generally catalyzes a chemical
alteration of the chromogenic substrate that can be measured using various
techniques. For example, the enzyme may catalyze a color change in a substrate,
which can be measured spectrophotometrically. Alternatively, the enzyrae may alier
the fluorescence or chemiluminescence of the substrate. Techniques for quantifying a
change in fluorescence are described above. The chemiluminescent substrate
becomes electronically excited by a chemical reaction and may then emit light which
can be measured (using a chemiluminometer, for example) or donates encrgy to a
fluorescent acceptor. Examples of enzymatic labels include luciferases {e.g., fivefly
haciferase and bacterial luciferase; ULS. Patent No. 4,737,436), hueiferin, 2,3-
dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such as
horseradish peroxidase (HRPO), alkaline phosphatase, B-galactosidase, glucoamylase,
iyvsozyme, saccharide oxidases {e. g, ghucose oxidase, galactose oxidase, and glucose-
6-phosphate dehydrogenase), heterocyelic oxidases (such as uricase and xanthine
oxidase), lactoperoxidase, microperoxidase, and the hike. Techniques for conjugating
enzymes to antibodies are described in O Sullivan ef 2f, Methods for the Preparation
of Enzyme-Antibody Conjugates for use in Enzyme Imvnunocassay, o Mefhods in

Enzvm. (ed. I, Langone & H. Van Vunakis), Academic press, New York, 73:147-166

{1981}
{6287} Examples of enzyme-substrate combinations include, for example:
{1} Horseradish peroxidase (HRPO) with hydrogen peroxidase as a subsirate,

wherein the hydrogen peroxidase oxidizes a dyve precursor {e.g., orthophenviene
diamine (OPD) or 3,375,585 tetramethyl benzidine hydrochioride (TMB )
(i} alkaline phosphatase (AP} with para-Nitropheuyl phosphate as chromogenic
substrate; and
(i) B-D-galactosidase (B-D3-Gal) with a chromogenic substrate (e.g., p-
nitrophenyl-B-D-galactosidase) or fluorogenic substrate {e.g., 4-methylumbelliferyl-
B-D-galactosidase).

{288} Numerous other enzyme-substrate combinations are available to those skilled in

the art. For a general review of these, see ULS, Patent Nos. 4,275,149 and 4,318,980,
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Sometimes, the Iabel is indirectly conjugated with the antibody. The skilled artisan will be
aware of various techniques for achieving this. For exarmple, the antibody can be conjugated
with biotin and any of the four broad categories of labels mentioned above can be comjugated
with avidin, or vice versq. Biotin binds selectively to avidin and thus, the lsbel 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.

[(1289] Following an optional blocking step, the sample is exposed to primary antibody
for a sufficient period of time and under suttable 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 deterroined by using any one of the detectable labels discussed above. Tn certain
cembodiments, the label is an enzymatic label {e.g. HRPO) which catalyzes a chemical
alteration of the chromogenic substrate such as 3,3 -diaminobenzidine chromogen. Inone
embodiment, the enzymanc label 1s conjugated to antibody which binds specifically to the
primary antibody (e.g. the priraary antibody s rabbit polyclonal antibody and secondary
antibody is goat anti-rabbit antibody).

18298 In some embodiments, the sample may be contacted with an antibody specific for
satd biomarker under conditions sutficient for an antibody-biomarker coraplex 1o form, and
then detecting said complex. The presence of the biomarker may be detected in 8 number of
ways, such as by Western blotting and ELISA procedures for assaying a wide variety of
tissues and samples, including plasmoa or serum. A wide range of immunoassay techniques
using such an assay format arc available, seg, c.g., UK. 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
mclude direct binding of a labeled antibody to a target biomarker.

16381} Sandwich assays are among the most usetul and commonly vsed assays. A
number of variations of the sandwich assay technigue exist, and all are intended to be
encorapassed by the present invention. Briefly, ina 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 tirae sufficient

to allow formation of an antibody-antigen complex, a second antibody specific to the antigen,
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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 matenial 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 obscrvation of the visible signal, or roay be quantitated by
comparing with a control sample containing known amounts of biomarker,

6282} Variations on the forward assay include a simultaneous assay, in which both
samaple and labeled antibody are added simultancously to the bound antibody. These
techniques are known to those skilled in the art, including any minor variations as will be
readily apparcnt. In a typical forward sandwich assay, a first antibody having specificity for
the biomarker is either covalently or passively bound to a solid surface. The solid sarface is
typically glass or a polymer, the most commonly used polymers being cellulfose,
polvacrylamide, nvlon, polystyrene, polyvinyl chloride or polvpropylene. The solid supports
may be in the form of tubes, beads, discs of microplates, or any other surface suitable for
conducting an inwnunoassay. The binding processes are well-known 1o the art and generally
consist of cross-linking covalently binding or physically adsorbing, the polymer-antibody
complex is washed in preparation for the test sample. An aliquot of the sample to be tested 1s
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 10 40°C such as between 25° C and 327 C inclusive) to allow binding of any
subunit present in the antibody. Following the incubation period, the antibody subunit solid
phase 1s washed and dried and incubated with a second antibody specific for a portion of the
biomarker. The second antibody is Hinked (0 a reporter molecule which is used to indicate the
binding of the second antibody 1o the molecular marker.

{62931 An alternative method nvolves tmmoebilizing 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 o 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
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antigen-bound antibody. The most commonly used reporter molecules in this type of assay
arc cither enzymes, fluorophores or radionuclide containing molecules (i.¢. radioisotopes)
and chemiluminescent molecules.

[6294] In the case of an enzyme immunoassay, an enzyme is conjugated to the second
antibody, generally by means of glutaraldehyde or pertodate. As will be readily recognized,
however, a wide variety of different conjugation tochniques 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 fluorogenic substrates,
which vield a fluorescent product rather than the chromogenic substrates noted above. In all
cases, the enzyme-labeled antibody 18 added to the fivst antibody-molecular marker complex,
allowed to bind, and then the excess reagent is washed away. A solution containing the
appropriate substrate 1s 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 spectrophotometrically, 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 aliering their binding capacity. When activated by illumination with hight
of a particular wavelength, the fluorochrome-labeled antibody adsorbs the light energy,
inducing 4 state to excitability in the molecule, followed by cmission 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 1o the first antibody-molecular marke
complex. After washing off the unbound reagent, the remaining tortiary complex is then
exposed to the light of the appropriate wavelength, the fluorescence observed indicates the
presence of the molecular marker of interest. Tromunofluorescence and EIA technigues are
both very well established i the art. However, other reporter molecules, such as
radioisotope, chemiluminescent or bicluminescent molecules, may also be emploved.

[8295] Methods of the nvention forther include protocols which examine the presence
and/or expression of mRNAs oftheatleast 1,2, 3, 4, §, 6, 7 or more of CSF1, MEISZ,
LGALSEZ, D01, THBS4, OLIGZ, ALOXAS, SIGLECE, CCLIZ3, PYROXDZ, HSD3RB7,
SORD, ASB2, CACNGS, GPR44, MGAT3, SLC47AL, SMPD3, CCR3, CLC, CYP4F1Z, and
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ABTB2 and combinations thereof in a sample. Methods for the evaluation of mRNAs n cells
are known and inchude, for example, hybridization assays using complementary DNA probes
{such as in sine hvbridization using labeled riboprobes specific for the one or more genes,
Northern blot and related techuiques) and various nucleic acid amplification assays (such as RT-
PCR using complernentary priroers spectfic for one or more of the genes, and other amplification
type detection methods, such as, for example, branched DINA, BISBA, TMA and the like).
{8296} Tissue or other samples from mammals can be conveniently assaved for mRNAs
using Northern, dot blot or PCR analysis. For example, RT-PCR assays such as quantitative
PCR {qPCR) assays are known in the art. In some embodiments, the qPUR is performed on a
Roche Cobas® system. In an itlustrative embodiment of the invention, a method for
detecting a target mRNA in a biological sample comprises producing cDNA from the sample
by reverse franscription using at least one primer; amplifying the ¢DNA so produced using a
target polynucleotide as sense and antisense primers to amplity target cDNAs therein, To
addition, such methods can include one or more steps that allow one 1o determine the levels
of target mRNA 1n a biological sample {e.g., by simultancously examining the levels of a
comparative control mRNA sequence of a “housckeeping” gene such as an actin family
meraber or GAPDH). Optionally, the sequence of the amplified target ¢cDNA can be
determined.

132971 Optional methods of the invention inchude protocols which examine or detect
mRNASs, such as target mRNAs, in a tissue or cell saraple 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 ¢DNA probes. The probes are then
hybridized to an array of nucleic acids immobilized on a solid sapport. The array is
configured such that the sequence and position of cach member of the array is known, For
example, a selection of genes whose expression correlate with jucreased or reduced clinical
benefit of anti-angiogenic therapy may be arrayed on a solid support. Hybridization of a
labeled probe with a particular arvay member indicates that the sample frove which the probe
was derived expresses that gene. Differential gene expression analysis of disease tissue can
provide valuable information. Microarray technology utilizes nucleic acid hyvbridization
techniques and cornputing techuology to evaluate the mRNA expression profile of thousands
of genes within a single experiment. (see, e.g., WO $1/75166 published October 11, 2001;
{see, for example, .S, 5,700,637, U.S. Patent 5,445,934, and 1.8, Patent 5,807,522, Lockart,

Nature Biotechnology, 14:1675-1680G (1996); Cheung, V.G, ef af., Nature Geanstics
foRan] g fabk 2
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21(Supphy:15-19 (1999) for a discussion of array fabrication). DNA microarrays are
miniature arrays containing gene fragments that are either synthesized divectly onto or
spotted onto glass or other substrates. Thousands of genes are usually represented 1o a single
array. A typical microarray experiment involves the following steps: 1) preparation of
fluorescently labeled target from RNA isolated from the sample, 2) hybridization of the
labeled target to the microarray, 3} washing, staiming, and scanning of the array, 4) analysis
of the scanned 1mage and 3) generation of gene expression profiles. Currently two main
types of DNA microarrays are being used: oligonucleotide (usually 25 to 70 mers) arvays and
gene expression arrays containing POR products prepared from cDNAs. In forming an array,
oligonucieotides can be either prefabricated and spotted to the surface or divectly synthesized
on to the surface (in situ).

298] The Affymetrix GeneChip® system 1s a commercially available microarray
systern 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 cach oligo 1s present in roillions of copies. Since oligonucleotide probes are synthesized
in known locations on the array, the hvbridization patterns and signal intensities can be
mterpreted in terms of gene identity and relative expression levels by the Affymetrix
Microarray Suite software. Fach gene is represented on the array by a series of different
oligonucieotide probes. Each probe pair consists of a perfect match oligonuciestide and a
mismaich oligonucleotide. The perfect match probe has a sequence exactly complimentary 1o
the particelar gene and thos measures the expression of the gene. The mismatch probe diffors
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 cach probe set. Probes are chosen based on current information from Genbank and
other mucleotide repositories. The sequences are believed to recognize anigue 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 cach
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module holding one probe array, Each module s controlled independently through
Microarray Suite software using preprogranmumed fluidics protocols, The scanner is 8 confocal
taser fluorescence scanner which measures fluorescence intensity ewitted by the labeled
cRNA bound to the probe arrays. The computer workstation with Microarray Suite software
countrols the fhudics station and the scanner. Microarray Suite sofiware can condrol 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 txt files, which can be ased with other software programs for further data
analysis.

16294 Expression of a selected gene or biomarker in a tissue or cell sampie may also be
exarined by way of functional or activity-based assays. For instance, 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.

63068} The eosinophilic inflammation status {e.g., EIP or BIN} of a patient based on the
test results may be provided in a report. The report may be in any form of writien materials
{e.g., n paper or digital forrg, 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 1o respond to an interferon mhibitor
treatment.

183011 The kits of the invention have a number of embodiments. In certain
embodiments, a kit comprises a confainer, a label on said container, and a composition
contained within said container; wherein the composition ncludes 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 onc or more target proteins in at least one type of mammalian cell,
and instructions for using the antibodies for evaloating the presence of one or more target
proteins in at least one type of mammalian cell. The kit can further comprise a set of
mstructions and materials for preparing a tissue sarople and applying antibody and probe to
the same section of a tissue sample. The kit may inchude both a primary and secondary

antibody, wherein the secondary antibody is conjugated to a label, e.g., an enzymatic label.
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8342} The term “detecting” encornpasses guantitative or qualitative detection. Tn certain
embodiments, a biological sample comprises a cell or tissue, such as serum, plasma, nasal swabs
and sputun.

Pharmaceutical Formudations

16363} Pharmaceutical formulations of an anti-IL-13 antibody or other TH2 pathway
inhubitors as described herein are prepared by mixing such antibody or roolecule having the
desired degree of purity with one or more optional pharmaceutically acceptable carriers
{Renungton's Pharmaceutical Scicnces 16th edition, Osol, A Ed. (1980)), 1o the form of
tyophilized formudations or aquecus sohutions. Pharmaceutically acceptable carriers are
generally nontoxic to recipients at the dosages and concentrations employed, and include, but are
not Hirsited to: buffers such as phosphate, citrate, and other organic acids; antioxidants including
ascorbic acid and methionine; preservatives (such as octadecyldimethyibenzyl ammonium
chioride; hexamethonium chlonde; benzalkonium chloride; benzethontwm chioride; phenol,
butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentancl; and m-cresoly; low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serom albumin, gelatin, or immunoglobuling: hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparaginge,
histidine, arginive, ot lysine; monosaccharides, disaccharides, and other carbohydrates including
glacose, mannose, or dextring; chelating agents such as EDYTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; sali-forming counter-ions such as sodinny metal coraplexes (e.g. Zn-protein
complexes); and/or non-ionic surfactants such as polyethylene glycol (PEG). Exemplary
pharmacecutically acceptable carriers hercin further inchude insterstitial drug dispersion agents
such as solable neutral-active hyshuronidase glycoproteins (SHASEGP), for example, human
sohible PH-20 hyaluronidase glycoproteins, such as tHuPH20 (HY LENEX®, Baxter
International, Tuc.). Certain exemplary sSHASEGPs and moethods of use, including vHuPH2{, are
described 1n US Patent Publication Nos. 2005/026(186 and 2006/01034968. In one aspect, a

giveanases such ag

b=

sHASEGP 15 combined with one or more additional glveosaming
chondroitinases.

13304} Exemplary iyophilized antibody formulations are described in US Patent No.
6,267,958, Aqueous antibody formulations include those described in US Patent No. 6,171,586
and W0O2006/044908, the latter formulations including a histidine-acetate buffer,

13305] The fornwlation herein may also contain more than one active ingredients as

necessary {or the particolar indication being treated, preferably those with complementary
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activities that do not adversely affect each other. For example, it may be desirable to further
provide a controller with the TH2 pathway inhubitor. Such active ingredients are suitably present
in combination in amounts that are etfective for the purpose intended.

[B3486] Active ingredienis may be entrapped in microcapsules prepared, for example, by
coacervation techniques or by mterfacial polyroerization, for exaraple, hydroxyraethvicelhulose
or gelatin-microcapsules and poly-{methylmethacylate) raicrocapsules, respectively, in colloidal

drug delivery systems (for example, liposomes, albumin microspheres, microenulsions, nano-
particles and nanocapsules) or in macroemulsions. Such techuiques are disclosed in Remington's
Pharmaceutical Sciences 16th edition, Osol, A, Ed. (1980).

16367} 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.
[0368] The formulations 10 be used for in vivo administration are generally sterile. Sterility
may be readily accomplished, e.g., by filtration through sterile Rltration membranes.

Therapeutic Methods and Compesitions

83491 Eosinophilic inflaramation is associated with a variety of illnesses, both allergic and
non-aliergic (Gonlogur (2006) Immunol, Invest. 35(1):29-45). Inflarnmation s a restorative
response of living tissues to injury. A characteristic of inflammatory reactions is the
accumulation of taukocytes i injored tissue due to certain chermicals produced 1n the tissue
itself. Eosinophil leukocytes accumilate in a wide variety of conditions such as allergic
disorders, helminthic infoctions, and neoplastic discases (Kudlacz et al., (2002) Inflammation 26

111119} Eosinophil leukocyies, a component of the imimune system, are defensive elements of

mucosal surfaces. They respond not only fo antigens but (0 parasites, chemicals, and trauma.
13318 Tissue cosinophilia occurs in skin diseases such as eczema, penphigus, acute

wrticaria, and toxic epidermal necrolysis as well as in atopic dermatitis (Rzany et al, Br. L
Dermatol. 135: 6-11 (1996)). Hosinophils accurnulate in the fissue and enpty granule proteins in
IgE-mediated allergic skin reactions (Nielsen et al,, Ann. Allergy Asthroa Imnanol., 85: 489-494
(2001}). Eosinophils combined with mast cells are likely to cause joint inflaramation (Miossec, 1.
Clin. Rheumatol. 3: 81-83 (1997)). Eosinophalic inflammation sometimes accompanies joint
trauma. Synovial fluid cosinophilia can be associated with diseases such as rheumatoid arthritis,
parasitic disease, hypereostnophilic syndrome, Lyme discase, and aliergic processes, as well as
hemarthrosis and arthrography (Atanes et al,, Scand. J. Rheumatol, 25: 183-185 (1996}).

FEosinophilic mflammation can affect bones as well (Yetiser et al,, Tnt. J. Pediatr,



WO 2015/061441 PCT/US2014/061759

Otorhinolaryngol,, 621 169-173 (2002)). Examples of cosinophilic muscle discase inchude
eosinophilic perimyositis, eosinophilic polynyositis, and focal eosinophilic myositis (Lakhanpal
et al., Semn. Arthritis Rheum,, 17: 331-231 (1988)). Eosinophilic inflammations affecting
skeletal muscles may be associated with parasite infections or drugs or features of some systemic
disorders of hypereosinophilia (e.g., idiopathic hypereosinophilic syndrome and cosinophilia-
myalgia syndrome. Eosinophils participate in the inflammatory response o epitopes recognized
by autotromune antibodies (Hogineer ot al, Cytokine, 13: 32-38 (2001)). Connective tissue
diseases may lead to neatvophilic, eosinophilic, or lymiphooytic vascular imflammations (Chen et
al, J. Am. Acad. Dermatol,, 35: 173-182 (1996 Tissue and peripheral blood cosinophilia can
occur i active rheumatisinal diseases. Elevation of serum ECP levels in ankylosing spondylitis,
a kind of connective tissue disease, suggests that cosinophils are also involved in the anderlying
process {Feltelius ot al,, Ann. Rheoum, 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)).

13114} Peripheral blood cosinophilia of at least 400/mum3 can occur 1o 7% of cases of
systemic sclerosts, 319 of cases of localized scleroderma, and 61% of cases of eosinophilic
fasciitis (Falanga, et al, J. Am. Acad. Dermatol, 17: 648-656 (1987)). Scleroderma vields an
fnflamyatory process closely resembling Meissoer's and Auerbach’s plexuses and consists of
mast colls and cosinophil leukocytes in the gastrointestinal system. Fosinophil-derived
neurotoxins can contribute to gastrointestinal motor dysfunction, as occurs in scleroderma
{DeSchryver-Kecskemeti, et al. Arch. Pathol. Lab Med., 113: 394-308 {1985},

16312} Fosinophils can accorapany localized (Varga, ot al,, Curr. Opin, Rheumatol,, 9: 562-
76 (1997 or systemic (Bouros et al,, Am. J. Respir. Crit, Care Med,, 165: 15R1-1586 (2002))
connective tissue proliferation. They can incite fibrosis by inhibiting proteoglyean degradation in
{fibroblasts (Hermmas et al, Bur. 1. Cell Biol, 59: 352-363 (1992)), and fibroblasts mediate
eosinophil survival by secreting GM-CSF (Vanchert et al,, Am. I Respir. Cell Mol. Biol, 1
289-214 (1989}). Fosinophils can be found in nasal (Bacherct et al, J. allergy Chin, Imanunol,,
107 607-614 (2001)), bronchial {Arguelies, et al, Arch. Intern. Med., 143: §78-571 (1983)), and
gastrointestinal polyp tissues (Assarian, ¢t al., Hum. Pathol, 16: 311-312 (1985)). Likewise,
gosinophils can be localized m inflaromatory pseudotumors {myofibroblastic tumor). Eosinophils
often accompany inflammatory pseudotumors in the orbital region, in which case the condition
can munice angioedersa or allergic rhinoconjunctivitis (Lietal, Ann Allergy, 691 101-105

(1992)).

Ww
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8313} Eosinophihc inflanunation can be found in tissue travima {(e.g., as a result of surgery
or inpary).  Hosinophilic inflammation can also be associated with cardiovascular ilinesses (e.g.,
cosinophilic myocarditis, eosinophilic coronary arteritis, ischeric heart discase, acute
myocardial infarction, cardiac rupture). Necrotic inflammatory processes can also involve
eosinophililic inflammation (polymyositis, coronary ariery dissection, necrotizing lesions of
neuro-Beheet’s discase, dementia, corebral infarction),

83141 Among noninvasive biomarkers of the Th2-driven/eosinophilic asthma
subphenotype are sorurg periostin, fractional exhaled nitric oxide (FeNG), and peripheral blood
eosinophil count. See Arron et al. (2013) Adv Pharmacol 66: £-49. OF these markers, scrum periostin
has been advanced as a predictive diagnostic for lebrikizumab because it was the best single
predictor of airway cosinophil status (as determined by a composite of sputum and tissue
cosinophilia) in the BOBCAT observation study of severe asthma (Fa et al. (2012) § Allergy Clin
framune] 136: 647-654 ¢10), 1t exhubited substantially less intra-pationt variability than FeNO or
blood eosinophils across two pre-dose visits in the MILLY study (Corren et 2l (201 1) N Bngl J Med
365: 1088-98), and can be avatlable on a standardized, broadly availabic assay platform that
requires netther a specialized pomnt-of-care instrument {such as FeNQO), nor is dependent on
autonated 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 adalt asthina, whether it can be applied to
pediatric asthroa was unknown,

{315} In the MILLY study, adults with poorly controlled asthma despite ICS who had
serum periostin levels above 50 ng/mi at baseline exhibited a mean 14.4% reduction in serum
periostin afier 12 weeks of lebrikizumab treatmeent (p=0.001), while patients with baseline serum
periostin levels below 30 ng/ml exhibited a non-significant 2.9% reduction in serum periostin
during the treatment period (p=0.3). See Scheerens etal, (2012) AnJ Respir Crit Care Med 135:
A3960. The distribution of serum periostin levels in asthma patients after 12 wecks of
lebrikizumab treatment overlapped with the distribution of serum periostin levels in healthy
controf adults (Arron et al, Annals Am. Thoracic Soc., in press (2013}, , DOL

11513/ Annals ATS 201303-047AW ). These resalts suggest that, in adult asthmatic patients
with high serurn periostin, the excess periostin above background levels is due 1o the activity of
113 in the airways, and this excess constitutes about 10-15% of total systemic periostin,

16316} Periostin was initially identified as a product of osteoblasts, the cells that lay down

bone matrix. See Horiucht et al. (1999} ] Bone Miner Res 14: 1239-49, Anatomically,

@
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periostin expression in bone is localized to sites of endochondral and intramernbranous
ossification during development, suggesting that periostin expression levels may be correlated
with the rate of bone growth. Tn juvenile mice, systemic periostin levels and markers of bone
tarnover are olevated, decreasing as animals mature and attaining relatively stable levels from the
age of § weeks throughout adulthood. See Contie ot al. (2010) Caleif Tissue Int 87: 341-5. In
humans, while asthima 1o the pediatric population 1s more commonly associated with atopy and
type 2 intlanumation than in adults, thore remains evidence for cosinophilic and non-eosmophilic
atrway inflarmmatory subsets in asthmatic children. See Baraldo et al. (201 1) Eur Respir T 3§:
575-83. Hence biomarkers that identify asthimatic children with increased Th2/eosinophilic
aivway inflaromation may be useful to enable patient selection to demonstrate clivical benefit
from anti-IL13 and other therapeutics targeting type 2 inflammation.

16317} The present inventors have found that systenuc periostin levels are elevated in
pediatric subjects younger than 18 years old but exhibit vo age dependence in asthima patients
older than the age of 18, To identify biomarkers related to cosinophilic airway inflammation but
urdikely to be confounded by bone growth, genome-wide expression analyses of a large cohort
of moderate-severe asthmatics to wdentify transcripts correlated with peripheral blood cosinophil
counts were conducted. A subset of those franscripts as biomarkers predictive of enbanced
clinical benefit from lebrikizumab 1u the MILLY study were then validated. Tt was subsequently
verified that a subset of peripheral blood transcripts predictive of enhanced clinical benefit from
tebrikizumab 1o adolt asthima patients exhibit sirotlar correlations o blood eosinophil percentage
and minimal age dependence in adult and pediatric asthma patients,

16318} Provided herein are roethods of identifving Eosinophilic Inflamyaation Positive (EIP)
patients predictive for a response to treatment with a TH2 pathway inhibitor (or that will be
responsive to) by measuring fevels of at least one cosinophilic inflammation marker in a
biological sample from a patient, wherein one or more of the markers is selected from CSF1,
MEISZ, LGALS1Z, IDOT, THBES4, OLIG2, ALOX1S, SIGLECS, CCL23, PYROXD2,
HSD3R7, SORD, ASB2, CACNGS, GPR44, MGAT3, SLC4ATA L SMPD3, CCR3, CLC,
CYP4F12, and ABTB2 in a sampie from the patient.

18319} Also provided herein are methods of treating asthma, an Eosinophilic Disorder, an
{L-13 mediated Disorder, an 114 mediated Disorder, an 119 mediated Disorder, an 115 mediated
Disorder, an 133 mediated Disorder, an IL25 mediated Disorder, an TSLP mediated Disorder,

an JgB-mediated Disorder or Asthma-Like Syruptors comprisiug adrotnustering a TH2 pathway
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inhibitor to an Eosinophilic Tnflanumation Positive Patient, whereiu the patient was diagnosed as
being EiF ysing an EID Assay.
{3328} In certain emnbodiments, methods of treating asthma, an Eosinophilic Disorder, an
1L-13 mediated Dgorder, IL-4 mediated Disorder or an IgE-mediated Disorder comprising
adounistering lebrikizuraab 1o a Fosinophilic Inflammation Positive Patient are provided.
6321} In certain exnbodiments, methods of treating asthima, an Eosinophilic Disorder, an
1E-13 mediated Prsorder, IL-4 mediated Disorder or an IgE-mediated Disorder comprising
administering a 125-500mg tlat dose of lebrikizumab every 4 weeks to the paticnt sutfering from
the disorder are provided.
16322} Also provided are methods of treating asthia (or Respiratory Discase) comprising
adounistering a therapeutically etfective amount of Lebrikizumab 0 the asthroa paticnt, wherein
the treatment results in a relative change in FEV of greater than 5%. In another embodiment,
the FEV is greater than 6%, 7%, &%, 9% or1{% FEV,. In another embodiment, the patient has
been diagnosed as EIP using a an EID Assay.
[8323] In certain embodiments, methods of treating asthima (or Respiratory Disease)
cornprising adroiustering # therapeutically effective arount of Lebrikizomab to the asthma
patient, wherein the treatment results in a reduction in exacerbation rate of greater than 35%.
{other embodiments greater than 36%, 37%, 38%, 33%, 40%, 41%, 42%, 43%, 44%, 45%, 46%,
47%, 48%, 49%, 50%, S19%, up to 8S%; another embodiment, wherein the patient has been
diagnosed as EiF) are provided.
13324} In certain embodiroents, methods of treating asthina (or Respiratory Discase)
comprising adroimistering a therapeutically effective amount of Lebrikizamab (o 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 embodient, the
asthma of the patient is uncontrolled on a corticosteroid. [ another embodiment, the patient is
diagnosed with EiP,
{3325} Also provided are methods of treating asthma (or Respiratory Disease) comprising
administering a therapeutically effective amount of Lebrikizumab 0 the asthima patient, wherein
the treatment results in an improvement in asthma control. In one emmbodiment, the pationt is
diagnosed using an EID Assay. In another embodiment, the asthma is uncontrolied on a
corticosteroid treatment. In another embodirgent, the patient is diagnosed with EIP
{332s] Methods of treating Asthma {or Respiratory Disease) corpprising administering a

therapeutically effective amount of Lebrikizumab to the asthma paticnt, wherein the treatment
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results ina redoction of inflammation in the Tungs are provided. In one embodiment, the patient
ts diagnosed using an EID Assay. In another embodiment, the asthma is unconiroliable ona
corticosteroid treatment. Tn another embodiment, the patient is diagnosed with EiP

83271 In certain embodiments, methods of treating an Fosinophitic Disorder in a patient
suffering from the Eosinophitic Disorder and being treated with a corticosteroid comprising
administering a therapeutically effective arsount of Lebrikizamab to the asthma patient, wherein
the treatment results in & reduction or elimination of corticosteroid treatment (amount or
frequency) used to treat the disease are provided. In one ernbodiment, the patient is diagnosed
using an EID Assay. In another embodiment, the patient’s asthma 18 uncontrollable on a
corticosteroid. In another ernbodiment, the pationt 1s diagnosed with EIP prior to the treatment.
18328} 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,
adroirustering a therapeutically effective arpount of TH2 pathway inhabitor to the asthima pationt,
diagnosing the patients EIP status, and retreating the patient with the TH2 pathway inhibitor if
the statas is EIP. The diagnosis may be made using an FID Assay alone or in corbination with
FEno levels. In some embodiments, the patient to be treated has a FEyo level greater than 21
ppb. In some embodiments, the patient to be treated has a FEyo level greater than 35 ppb.
16329} In sorae erobodiments, roethods of dentifying patients that are Eosinophibic
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 nflammation marker in a biological sample from a patient, whervein at least one,
at lecast two, or at least three of the markers are selected from CSF1, MEIS2, LGALSIZ,
DO, THRSY, OLIG2, ALOX1S, SIGLECS, CCL23, PYROXD2, HSD3RB7, SORD, ASRBI,
CAUNGS, GPR44, MGAT3, SLC4ATAL SMPD3, CCR3, CLC, CYP4F12, and ABTBZ. In
some embodiments, at least one, at least two, or at least three of the markers are selected from
CSFI, MEISZ, CCL23, HSD3RT, SORD, CACNGS, MGATS, SLC47A1, and ABTB2. In
some embodiments, at least one, at least two, or at least three of the markers are selected
fromm MEIS2, LGALSIZ, IDOT, ALOX1S, SIGLECSE, CCL23, PYROXDZ, HSD3IR7,
CACKNGS, and GPR44. In some embodiments, at least one, at feast two, or at least three of
the markers are selected from CCL23, D01, HSD3B7, and CACNGS. In some
embodiments, at least one, at least two, or three of the markers are sclected from CCL2Z3,
12O, and CACNGS. In some emboduments, at feast one, at least two, or three of the

markers are selected from HSD3B7, SIGLECR, and GPR44. In some embodiments, at least
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one, at least two, at least three, or four of the markers are selected from SIGLECE, CCL23,
CACNGS, and GPR44.

[6334] Auy of the TH2 pathway inhubitors provided herein roay be used in therapeutic
methods described herein, especially asthma. In one embodiment, the asthima patient is being
treated with a corticosteroid, and has been diagnosed as resporsive a TH2 pathway inhibitor
using an EID Assay described herein.  Ina further embodiment, the asthina patient 1s suffering
from moderate to severe asthma. In another embodiment, the patient is suffering from mild
asthima but is not being treated with a corticosteroid.

331} An antibody of the invention {and any additional therapeutic agent) can be
administered by any suitable means, including parenteral, mtrapulmonary, and intranasal, and, if
desired for local treatment, miralesional admunistration. Parepteral infusions jnclude
intranwuscular, travenous, infraarterial, intraperitoneal, or subcutancous administration. Dosing
can be by any suitable route, ¢.g. by irjections, such as futravenous or subcutaneous injections,
depending in part on whether the administration s brief or chronic. Various dosing schedules
fuchuding but not imited to single or nultiple administrations over various tiroe-points, bolus
adminstration, and pulse fnfusion are conterplated herein.

18332} Antibodies of the invention would be formulated, dosed, and administered ina
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 ndividual paticnt, the cause of the disorder, the site of delivery of the agent, the micthod of
administration, the scheduling of administration, and other factors 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 n question. The effective amount of such other
agents depends on the amount of antibody present in the formulation, the type of disorder or
treatruent, and other factors discussed above, These are generally used inthe 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 ts crapirically/clinically determined to be
appropriate.

6333} For the prevention or treatment of disease, the appropriate dosage of an antibody of
the fovention {when used alone or in combination with one or more other additional therapeutic
agents) will depend on the type of disease o be treated, the type of antibody, the severity and
course of the disease, whether the antibody s administered for preventive or therapeutic

purposes, previous therapy, the patient's clinical hastory and response to the antibody, and the

W
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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
ug/keg to 15 mg/kg (e.g O Imgke-10mg/kg) of antibody can be an initial candidate dosage for
administration to the patient, whether, for example, by one or more separate admunistrations, or
by continuous infusion. Oune typical daily dosage roight range from about 1 pg/ke to 100 my/kg
or more, depending on the factors mentioned above. For repeated administrations over several
days or longer, depending on the condition, the treatraent would generally be sustained until a
destred suppression of disease syroptoms occurs, One exemplary dosage of the antibody would
bie in the range from about 8.05 mg/kg to about 10 mg/kg. Thus, one or more doses of about 0.5
mg/g, 2.0 mg/kg, 4.0 mg/kg or 10 mg/kg {or any combination thereof) roay be admunistered to
the patient. Such doses may be administered intermittently, e.g. every week or every three weeks
{e.g. such that the patient receives frorg about two to about twenty, ot e.g. about six doses of the
antibody}. However, other dosage regimens may be useful. The progress of this therapy is
casily monitored by conventional techniques and assays,

{8334} n certain embodiments, an antibody of the invention 18 administered as a flat dose
{i.e., not weight dependent} of 37.5 mg, or a flat dose of 125 myg, or a flat dose of 258 mg. In
certain erobodiments, the dose 1s adoministered by subcutancous mjection 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, ton years, 15 years, 20 vears, or the lifetime of the patient. In cortain embodiments,
the asthma 15 severe asthma and the patient is inadequately controlled or uncontrolled on inhaled
corticosteroids plus 2 second controller medication. In another embodiment, the patient is
diagnosed with EIP status using an EID Assay to determine EIP status and the pationt is selected
for treatment with an anti-1L13 antibody as described above. In another embodiment, the
method comprises treating an asthroa paticnt with an anti-IL13 antibody as described above
where the patient was previously diagnosed with EIP status using au EID Assay to determine
EiP status. in one embodiment, the asthma patient is age 18 or older. In one embodiment, the
asthina patient is age 12 10 17 and the anti-IL13 s adminstered 1o as a flat dose of 250 mg or a
flat dose of 128 mg. In onc embodiment, the asthma patient is age 6 to 11 and the anti-IL13
antibody is administered in as a flat dose of 128 mg.

[6335] It is understood that any of the above formulations or therapeutic methods may be
carried out using an inwnunoconiugate of the invention n place of or in addition o an anti-target
antibody.

Articles of Manufacture
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8336} In another aspect of the wvention, an article of mamifacture containing materials
useful for the treatment, provention and/or diagnosis of the disorders described above 18
provided. The article of manutfacture comprises a container and a label or package insert on or
associated with the container. Suitable contaimers 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 avother
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 label or package insert indicates that the
composition 1s used for treating the condition of choice. Maoreover, 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) 8 second container with a coroposition contained
therein, wherein the composition comprises 8 further cytotoxic or otherwise therapeutic agent.
The article of roarufacture n this embodiment of the invention may further comprise a package
mnsert 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 pharmaceutically-acceptable buffer, such as bacteriostatic water for injection
(BWED), phosphate-buffered saline, Ringer's solution and dextrose solution, It may further
mnclude other materials desirable from a comercial and user standpoint, inchiding other buffors,
difuents, filters, noedles, and gyringes.
16337} It s understood that any of the above articles of manufacture may include an
nmranoconjugate in place of or in addition to an anti-target antibody.
EXAMPLES

EXAMPLE | — Methods
[333§] Blood was collected in PAXgene RNA tubes (PreAnalytiX); total RNA was
extracted using conmmercially available kits according to mamufacturer instructions ({Jiagen).
13339 Expression of candidate biomarker genes in blood samples from the EXTRA
study was assessed by Human Genome U133 Plus 2.0 arrays {Affymetrix Inc., Santa Clara,
CA). The EXTRA study is described, ¢.g., in Hanania, et al,, Am. J. RCCM, 187: 804-811
{2013); and Hanania et al,, Anu. Intern. Med,, 154: §73-382 (2411). Microarray

hyvbridization was performed by Asuragen Inc. (Austin, TX). Raw CEL file data was
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sumnarized and normalized vsing Robust Multi-array Averaging (RMA) and analyzed using

R and Bioconducior,

[5340)

blood samples was quantified by Fluidigm gPCR assays.

aPCR assay selection

(0341

Expression of candidate biorarker genes 1o MILLY, BOBCAT, and GALA H

Gene expression was measured by gPCR with specific primers and probes. The

selected assays with FAM reporters were purchased from Applied Biosystems Ine (ABD

TagMan® Gene Expression Assays with the following two guidelines:

1. The primers should span at least two different exons if possible to prevent any PCR

araplification from any possible residual genomic DNA;

2. The assay has been verified for the robustness and recommended by the cornpany.

(1342

listed 1n Table 2.

Table 2: Potential biomarker gene assays

The assays D and ABI supplied context sequences of the genes included are

Gene Symibal Assay ID Context Segoenes Eg}?ﬁ.ﬁ'}
i | ARTB2 Ha0037755% mi AAGAACGCCAATOGOTOTCCTCTCCC 23
2| ACOTH Hs003749%2 ml CACACCATTAGTGTTGGACAAGTGG 24
3 | ALOXIS Hs00609608 ml | CCTATCTTCAAGCTTATAATTICCCC 23
4 | ASB2 Hs(0387867 ml | TTAGCCAAGTACGGTGCTGACATCA 26
5 | BACE? Hs00273238 ml | CACTTGCCAAGCCATCAAGTTCTCT 27
& | CACNGS Hs00230428 m] GGAGCTGCCCOGCGAGAAGCAAACTGC | 28
7 | CCL23 Hs00270756 mil | GGTGTCATCTTCCTCACCAAGAAGT 24
& | CCR3 Hs00266213 sl TGTGCCCCCGCTUGTACTCCCTGOTG 30
g D9 Ha01124022 ml | TCTACACAGGAGTCTATATTCTGAT 31
10 | CLC Hs00171342 m] CCTOTTTCTTGAATGAACCATATCT 32
11 | CSF1 HsG0174164 mil | AGCATGACAAGGCCTGLETCCGAAL 33
12 | CYP4FI2 HsOZ515808 sl AGCGGCOTCGCACCCTCCCCACTCA 34
i3 | CYSLTRE Hsti1272624 sl TCAACGTACCATTCACCTTCATTTT 35
i4 | CYSLTR2 Ha0252658 i TTAGTTOGACCTTGCTGCAGTICTCC 36
18 | DACH! Hs00974297 mi AAAGAATAGAGCCATAGTTCAAAAG | 37
16 | FAMI1248 Hs01902988 sl COGGOAATGTCAGTGGACCCCAAAGA 3%
i7 | GPR44 Het173717 mdl | TCTGETGCCCAGAGCCCCACGATETC 39
i8 | HRH4 Ha0222094 mi ACTTCTTTOTGGGTGTGATCTCCAT 40
19 | HSD3R7 Hs009%6913 gl AGGAGCTGAAGACAGGGCCTGTGAG | 4
26 | D01 Hs00984148 ml | TTCTGCAATCAAAGTAATTCCTACT 42
21 | ILIRL HsO0345033_mi ATTGTCAGAAGTCCCACATTCAATA 43
22 | HL3RA Hat0602482 ml | AAGGAATGGATATTTGCAGATAGAA | 44
23 | KBRTBRDI Hs(0362847 m CGCGGCGAGGAACAAGAGTOETOGETG 45
24 | K1AALD24 Hs00324407 mil | TCTAAAGAGGCAGACAGGCAGTACG | 46
25 | LGALSL2 HsO1041389 ml | GAATGAGGAAGTGAAGGTGAGTOTG | 47
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26 | LRRC17 HsO0180581 ml | CAAGTTCAGCCTAGGGACTCCACGT | 48
27 | MEIS2 Hs00542638 ml | AAMATCTCGCTGACCATAACCCTTOT 49
28 | MGAT3 Hs02379549 s1 | CCGTOTGGGAGACCGGCCTGCCAGG | 50
29 | MYB Hs00920554 ml | AAGACCCCOGCACAGCATATATAGC | 51
30 | OLIGI Hs0(744293 sl | CCCGCACCTGGTCCCGGOCAGOCTG | 52
31| OLIG? HsO0377820 ml | TCAAATCGCATCCAGATTTTOGGGT 53
32 | P2RY 14 Hs00961463 ml | AAAAATCTTAAAAGGCCTCTGOCTT | 54
33 | PMP22 Hs00165556 ml | CATCACCAAACGAATGGCTGCAGTC | 55
34 | PRSS33 HsOU960785 ol | CTTCOCCAGGAGGGCACTGCCAGCT | 56
35 | PYROXD? Hs01350625 ml | GGGGCTCATCCTGGAGGAGGTGTGA | 57
36 | RNASE? Hs0304702¢ st | CAGTGGAAGCCAGGTGCCTTTAATC | S8
37 | SIGLECS Hs00274289 ml | TOGAGGGCACAGGCACCTCAAGACCT | 39
3% | SLO16AT4 He00541300 ml | ACCACCTTTTGCAGGGTGGATCTAT 60
3% | SLC29A1 Hs01083706 ml | CAGCCTCAGGACAGATACAAAGCTG | 61
40 | SLC4ATAL Hs00217320 m! | GCTGGCCCCGCGTTCTTGGTTOAGE 62
41 | SMPD3 Hs00920354 ml | CAACCTGCAGAAGGTCCTGGAGAGT | 63
42 | SORD Hs00973148 ml | TCAAGTAGTGGTGACTGATCTGTCT B4
43 | SPNS3 Hs00699394 ml | GOGCAGCCTGTCACAGGGACCCCAGA | 65
44 | THBS4 HsO0170261 ml | TOGACATGTGTGTGTGGAGTCGGTTG a6
45 | UGT2R28 Hs00852540 s1 | AGCTCTGGGAGTTGTGGAAAGGTGC | 67

16343}

The assays for three housckeeping genes as gene

specific endogenous control

used for PCR normalization were also selected from the ABI TagMan® Endogenous
Controls inventor, and are shown in Table 3.

Table 3: Endogenous control gene assays

{jene Part Murmber
PRIA 4333763F
GAPDH | 43337648
TFRC 4333770F

Reverse transcription of RNA

[0344)

Reverse transeription (RT) of PAXgene RNA of clinical samples 1o single-
stranded cDNA was performed in a reaction volome of 24 ul using the High Capacity cDNA
Reverse Transcription Kit following the protocol provided by the vendor {ABD. Brietly, the
master mix with RNase inhibitor and reverse transcriptase was prepared and mixed with total
RNA at 50 ng/ul in equal volume in a 96-weli PCR microplate. The RT reaction was
conducted on a thermocyeler. The RT products were then diloted with muclease free water to
10 ng/ul and stored at -20°C.

Pre-amplification of ¢cDNA

w
1§
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18345] To achieve optimal resulis for low gene expression in the Floidigm system,
Specific Target Amplification {(STA) is recommended. Specific Target Amplification (STA}
utilizes the TagMan® PreArmp Master Mix and TagMan® Gene Expression Assays, both
from Applied Biosystemns (ABI). The 45 gene expression assays shown in the table above for
cosinophil-related candidate genes and 3 control expression assays for housckeeping genes
were pooled and dituted to 0.2 X with nuclease free TE buffer . The pre-arsplification was
performed in volume of 5 ul containing 12.5 ng of cDNA for the recommended 14 cycles
with pooled gene exprossion assays in the reaction as the source of primers only to the fargets
of interest following the protoco] provided in PreAmp kit The pre-amplified DBNA was
diluted by 8 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 cosinophils and the other purchased
from Clontech Laboratories were also included in the pre-amplification procedure.

Fluidiem platform PCR reaction

18346} qPCR for gene expression was conducted with 96.96 Dynamic Array Integrated
Fluidic Circuits (IFCs) of the BioMark™ System from Fluidigm following vendor guidelines.
Briefly, Dynarsic Array TFC was primed with control hine fhuid on an IFC controller. The
sampres and assays were prepared separately under a DINA-free environment in S gl each for
cach sample and assay respectively. The 96 samples and 48 assays in duplicate were placed
on the Dynamic Array IFC and loaded using an IFC Controller. The Dynamic Array IFC was
then run on the BioMark Systern for real-time PCR and data collection. Each 96 sample set
applied to cach IFC inchudes 88 clinical samples, negative controls in quadruplicate to ensure
minimal contamination, and two internal universal reforences, cach in duplicate, for
normalization of gene expression between experiments and quality control evaluation.

Data collection and processing

16347} 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 cach gene in the same IFC chip was normalized against the
normalization index in the same sample to obtain delia Ct (dCt). The normalization ndex for
cach sample was calculated as the geometric mean of Ct values from three selected
housekeeping genes. The delta delta Ct (ddCt) of cach gene expression in cach sample was

then calculated against the same gene from the universal reforence derived from eosinophils
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in the same experimental IFC chip. The ddCt of cach gene from the second universal
reference from different experimental IFC chips were used for quality control validation with
a pre-defined acceptable range of coefficient of variation (CV) Tess than 10% for the genes
with detectable expression. The ddCts of each gene for the samples in cach individual IFC
chip were then merged as a metadata set for bio-statistical analysis. Gerne expression below
the detection limit was labeled as NA.
[8348] Data analysis was performed in the R statistical programming language, version
2,15, Expression data was calculated as follows:
63491 For each individoal 1 and gene j on each plate,

Index (i) = geometric mean of Ct values from three housckeeping genes

dCt{gene) = Ci{ij) - Index{i)

ddCt = dCt{1,3) - dCt{Refl, 1)
[3358] ddCt values from cach chip were merged together, ddCt of each gene in Ret 2
was used for quality control, and the coethicient of variance was calculated to ensure less than
1(% for all genes in detectable range.
[B351} Samples with no result were assumed missing at random and not imputed.
Samples or genes with more than 209 missing values were excladed from analysis.
Remaining missing data was examined relative to distributions of adjacent complete vectors
of data to determine whether to treat thero as missing at random or below livnit of detection.
For sumimary statistics, samples with a missing value were excluded from calculation {e.g.,
exchuded from the total number of samples for a given treatroent aud biomarker).
83521 Distributions of data were examined visually to ensure both that genes are
normaliy distributed within samples and that samples are normally distributed for each gene.
RBatch effects (e.g. qPCR plate) were exarsined and accounted for by blocking if necessary.
Genes with extreme batch effects were exchuded. Combinations of gene expression predictive
variables were caleulated by arithmetic mean of log-scale data,
16353} For all variables, baseline is defived as the last assessment prior to the pre-
specified treatment administration (Day ). Key demographics and baseline characteristics
(including stratification variables and any variables with known prognostic significance) and
etficacy outcomes were compared between biomarker and non-biomarker populations to

mvestigate any potential sclection biases associated with the missing status of the biomarker,
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16354 Overall distribution of each biomarker at baseline was plotied and descriptive
statistics {¢.g., mean, standard deviation, median and range} were used t0 summarize haseling
biomarker values for the patient population.
18355} 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 cach biomarker as follows:
AFEV; ~ treatment + expression + treatmentiexpression

and testing for significant predictive power of cach biomarker by examining the statistical
significance and effect size of the interaction term.  The second method was splitting the
study subjocts 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 constdered successtul in the first method as a potential predictor of treatment benefit if
the following criteria were et

1. There is strong evidence of biomarker-treatment interaction (p-vahie <{.05)

2. The magaitude of the treatruent effect in the diagnostic positive population s at

least 8%

3. The direction of the effect is positive, 1.¢. higher gene expression is related to

improved treatment benetit
18356} A biomarker was considered successful in the second method as a potential
predictor of freatment benefit if the following criteria were met:

1. There is strong evidence of different benefit level in the biomarker high s,

biomarker low group (non-overlapping confidence intervals in mean ostimaie)

2. The direction of the effect is positive, 1.e. higher gene expression is related to

improved treatment benefit
163571 As a secondary measure of success, performance of biomarkers will be compared
to the performance of serum periostin, fractional exhaled nitric oxide (FeNG), and peripheral
blood eosinophil count.

EXAMPLE 2 — Scrum periostin is clevated in pediatric patients

6358] We measured periostin in serum samples from asthma pationts ranging in age
from 6-75 years taken prior to treatmoent in previously conducted clinical trials, See, e.g.,
Hanania et al. (2013) Am J Respir Crit Care Med 187: 804-11; Hanania et al. (2011) Ano Intern Med 154: 573
82; Milgrons et al. (2001) Pediatrics 108; E36; Milgrom et al. {(1999) N Engl J Med 341: 1965-73; Busse et al.
(20613 1 Allergy Clin Imimanol 108: 184-90; Holgate et al. (2004} Clin Exp Allergy 34: 632-§; and Soler ot al.

{2601) Fur Respir F 18: 254-61. Periostin levels observed a relatively consistent distribution in
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adult patients (Fig. 1) between the ages of 18 and 75 years old with a median level ot 43.9
ng/ml and a range of 22.1-108.7 ng/ml (Table 4}. In pediatric patients (age 6-17 years), serum
periostin levels were markedly elevated relative to adult patients (Fig. 1), with median levels
of 119.6 ng/mi in the 6-11 year old group and 104.3 ng/ml in the 12-17 year old group with a
wide range of levels from 41.4-352.2 ng/md 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 paticnts. Furthermore, the levels appeared 10 be considerably more variable
in pediatric asthroa patients relative to adults. These findings are consistent with observations
made in juvenile and adult mice (see Contie et al. (2010} Caleif Tissue Int 87: 341-50) and suggest
that serum periostin cutoffs to select patients for anti-1L13 therapy derived in adults may not
be applicable to pediatric patients.

Table 4: Range and distribution of serum periostin lovels according to age in omalizumab
studies 008, 009, 810, and EXTRA. Valaes are ng/ml.

Mean (8I3} 1280 435 HECRRE xR 51.80183;
Medisn 1838 1643 4835
Range A3-3523 414- 1772 23.1 - 8T

EXAMPLE 3 - Blood cosinophils and serum periostin are correlated in moderate-severe
adult but not pediatric asthmatics

35% While blood cosinophil counts tend to be slightly higher in pediatric asthma
patients than in adults, the distributions are overlapping and, unlike serum periostin, blood
cosinophil counts observe a smooth and contimuous slightly downward trend over age,
extending out until about the age of 40 where it levels off (Fig. 2). It bas previously been
shown that blood cosinophil and serum periostin levels are positively correlated in severe
asthma patients, See, e.g., Jia et al (2012) J Allergy Clin Iomunol 130: 647-654 ¢10. To confirm this
finding tn additional larger sample sets, pre-treatment levels of blood eosinophils in two large
chinical trial cohoris of moderate-severe asthma in adults (EXTRA (Hanania et al. (2013 Am ]
Respir Crit Care Med 187: 804-11) and MILLY {Corren et al. (201 1Y N Bngl§ Med 365: 1088-98}} were
assessed; moderate but statistically significant positive correlations between serum periostin
and blood eosinophils was found (Fig. 3A, EXTRA; Fig. 3B, MILLY). However, in pediatric
asthma patients, blood cosinophils 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 clevated
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blood cosivophil counts 1o pediatric asthma paticuts may be a function ot a greater propensity
toward atopy and are unlikely to be duc to an independent physiclogical cause as appears 0
be the case for serum periostin.

EXAMPLE 4 - Gene expression patterns in peripheral blood are related to eosinophil

counts

{368 As serum periostin predicts both aivway eosinophilia (Jia et al. 2012) § Allexgy Clin
Irymunel 130: 647-654 e 10 and responsiveness to lebrikizumab (Corren et al. 2011) N Engl § Med
365: 1088-92) in adult asthimatics, and as blood ecosinophil counts correlate to airway
gosinophils in both adult (Jia eval. 2012) F Allergy Clin Immunol 130: 647-654 ¢10) and pediatric
{Baraldo et al, (201 1) Bur Respir J 38: §75-83) asthima patients, it was hypothesized that gene
exprossion patterns in peripheral blood that correspond 1o blood eosinophil counts maight be
suitable biomarkers to predict clinical benefit from lebrikizumab. To identify transcripts in
peripheral blood associated with blood eosinophil counts in moderate-severe asthma pationts,
genome-wide expression microarray analyses of whole blood (PAXgene) samples from 321
subjects at baseline in the EXTRA study was conducted. See Hanania et al (2013) A J Bespir
Crit Care Med 187: 804-11; Hanania et al, (2011} Ann Intern Med 154: 573-82. Over 150 transcripis that
were expressed at significantly higher levels in the top vs, bottom tertide of blood eosinophil
counts {g-value < .05} were wdentified. Table 5 Hsts the top 150 differentially expressed
transcripts between the top and bottom tertiles of blood eosinophil counts. It was contirmed
that these transcripts were related continuously o blood cosinophil counts by examining

rank-order (Spearman’s) correlations between transcript levels and eosinophil counts,

104



PCT/US2014/061759

WO 2015/061441

¥S0 9T-dr8’1 L6°0 e [8EC0T FeTol LT SUIUTEIO0O Teadar YOLr duiona] L10YdT
€50 8T-968°T 1071 & ZT8LOCT €99 95eUSB0IPAYSP [01AI0S qI0s
0seqo9 1€°0 9C-d81°1 co'1 e ¢J80TC SOLLS T 10ydaoal susinoynaf [Auta)sAd TALTISAD
0seqo? 9¢°0 0€-4¢0°C 901 B QLI8ET SEFOTT | 1 10308} uondrosues) 914204pUaposI[o 1OITO
L¥0 61-d1c¢ (i} e LIgeeT 876 |[na910Ww 6D 60D
0 F$T-498°9 £l 1’ 608¢rT CLIG [ 9M[[-103d2931 [ UNYNSJI)U] I
=yjo €0 6C-H80'8 ¥T'l ¥ 0L11TT 0Fces #H J01dooar aurtuelsiy FHAIH
09 090 8C-dII'T STl 1 19¢90T 548! Ft 101dada1 padnoo-urjoid O +rddD
Jeyio IS LT-ALOT 9¢'l e ' £98TSE1 €8¢06¢ 9 HuAqNS TWWES 9ONOVO
‘wepuadep-95e1[0A “[oUUEBYD WNID[ERD
09 99°0 9F-H0T'1 6¢°1 Je €6961CT TISSS SUBIQUIST TEAnau cddNS
“¢ oseaaisarpoydsoyd urjeAmoSuryds
L9°0 0s-de9’L 8F'1 e 20810¢ 0£0T [ Joquott “(sse)iodsuel IV6TOTIS
9p1S02ONU) G A]IWE] JSLLIED 93N]OS
80 LTIFLT [t e s 6708€T CL¥1ST $1 12quuatl ‘g1 AJIUIE) I9LLED 9IN|OS FIVI1OT1S
121e €0 6c-dIle 19'1 ' 6T001T 029¢ | 9SBUSSAXOIP-C T dulure[OpUr 10dl
058q09 £9°0 4088 9L°1 S LICTIT 89¢¢ eydie “103dadgai ¢ upmapgul VASTI
L2qi0 LSO FE-dEETT 8’1 ' s 6C101T 9LES 7T wajoxd urjaAur [esaydriad TN
EERIS 19°0 PE-HOS'H o'l ® 8TCL0T orT aseuas AXodI|-T SreuopIyILIe SIXOTV
09 L90 LF-HS8'F €0T ¥e £6T80T I81LT 8 UI309] o¥I]-5] SUIpUIq pIoe JIfels 80d1OIS
02 £9°0 Ly-dLSS e e ST8EIT S1zoL” [ ¢orIo
uondrosuer) s5eaur] 21£001puspogLo
€90 Fr-A8LL §TT Je T 6kl 6Tr09T €€ "outras “aseajord £ESSdd
=0 £9°0 IF-dTLT ¥LT ' 3FE0IT 89¢9 €T PUes]] (Jnow H-3) 2ULjowayd €TI0
wraned JUnod anjea-b (z30p) sy (] 1saqoad {1 Z30uy JLUEBU WD) foquiks
uworssaadxy pydoursos MOpYBIY . WD
SA () ‘onel
uorssaadx?

s1unod jigdoursoe poolq Jo serua) twopoq pue doy oyl usemiaq siduosuen passardxe Ajferuaiagyip 0¢] doJ- S 9|ge]

105

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/061759

WO 2015/061441

drayv

Lyjo 050 ¢T-d0F'8 190 e LopelT 1+85T (ZOd) d.Ld pue jeadar undjue
€0 9T-dL0°S £9°0 ' E9LFIT LT09¢T [ 1 95BI9JS201H) YOD-[A%E [TLODV
0seq0° Te0 L0-H81°T £9°0 1 CTSOIT ¥ress [ Joquuatr °/ A[ItIey J9LLIBD 9IN[0s IVLFOTIS
09 8F0 CCdssl ¥9°0 e 86L¥0C (£ (uerA) Sojowoy dAN
QUAT0OUO JBIIA SISOISB[qO[RAW AW-A
1£°0 81-9¥T’1 ¥9°0 e 91L60T SErl (aseydoeur) 148D
1 J0101] Sunemuns Auojod
0 €I-35071 89°0 e LLTH0T 620% . T "pajdnoo TAdId
urajord-oy © x g 101desar oSeurmd
0seqo2 &0 91-d69°8 cL0 e s 1LPC0T <091 (errgdosoi) 1 sojowoy punysyoep THOVA
1570 0€-dEL'S §L0 1 9LLY0T 090L ¥ urpuodsoquiomy) +SEHL
0seqoe 0 eI T 9L0 e § $8€8CC S6L18 T UIPWOp 25e100paloplxo | TAXOYAd
aprydjnsip-aproanu auiplAd
21po LY 0 [2-d0F°¢ (450 e L£990T P66 #1 patdnod FIAYTd
, uejord-n A 74 103dadar oiSrounnd
oo 050 Fo-dlee €80 e 0065<T S0CT0T (erydosor() ¢ Sojowoy 1)suids £SNAS
L¥0 £-dITL L£30 ¥ s 878LTT 6TLs8 cl CISTYDT
“J[qN]OS “SUIPUIG-PISOIOB[ES “U1103]
02 €50 9C-dees L80 ' C16LTT 9L91¢ T BULUIBIUNOD dsvy
X0q §20S pue wadal uLiyur
1¥0 LI-HLF Y 880 1B S 6£590C 0099 21 opndedAjod *J Afweyqns TIAPdAD
‘b AJLWE) ‘0 CHd SWOIYI014D
02 0 YTdLE ¥ 330 1B 8 08VL0T (ka4 € X0q0awoy SN ST
0 ST-H91°1 88°0 18 5 OpFTCT ST8ET T QwAZUS TUIABD[I-J Y SlIs-Bleq THovd
03 790 €¢-146ST 680 ® £0T90T 8LI1 u12)01d [E1SAI0 USPAST-1001RY D) 21D
1340 L1-d0¢°T 6870 e [80S1C [6TET FTOLVVIN FCOLVVIN
03 €¢0 PTderl 160 ¥e LI8TTT 0Lc08 L 9SeIulosi-elop LdEdSH
_PIOIAIS PUE -B19G £ “aseuaS0IpAyRp
PI0J91s-C-BYap-AX0IpAY
St0 61-dL678 60 ¥ +0£80T TeTl ¢ 1oydedar (Juow 3-D) Suryowato €420
610 vTH8L'S 60 1 XTTIIIT 06trs gcd opndedAjod “Ajtwrey | 8TATLON

7 eserqjsuenAsouomond Jan

106

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/061759

WO 2015/061441

eyo 9F°0 JARC AN 60 1 813¢¢T SIFFRT [ SUTUIRIUOD [IALLSA
UIRLIOP SUBIQISTISTEL) PUE 195- A

o 0£0 LO-d¥Ts 9670 Je s 8£9¢£0C £9¢CC T 101da0a1 1010%f qImOIS 358]qoIqLy TddDdg

0¢°0 £C-dI0°1 660 e FEELFT 9LL wonqns [ eydje odAy 1| QIYNOVD
‘napuadap-aSeI[oA ‘[PUURYD WNID[RD

0 €570 €-do1°e 660 e gLeclT L¥8 osefeged IvD

B=yo w0 81-49T°C 901 18 8TCo0T €Tl 9 _QURW ) A[TUEINS “[PULELO 90ddlL
uones renuayod 101deoas Jusrsusy

03 190 9e-geee (4N e ' 0L.8661 0889F1 9 pungns ACHId
A101e[n3ei ‘aseuny-c-epyrsoutoydsoyd

02 8¢°0 Fe-dCel 311 1 cTeHIT €501 uorisdo “(dgd/0) qd9dD
urojoad Sulpuiq woueyue/ [ VVID

B0 1<°0 F¥T-400°1 1T e 8900FC SL8P8T 0tt 0CIH01ZTO
] swrey Surpeal uado |7 swosoworyo

o 1970 [F-d9¢°9 €Tl e 0S01¢ET SYTLIL & lequuawy SSISVIH
‘Apey xossaaddns aNI-SVHH

1$°0 LT-A88°1 1<l 1S L1€E6ST L6ILT €8 J01da0a1 pajdnoo-urajold 5 784dD

8€°0 cr-41zs LEL e s 6SCE0T 9T ((Suueiuoo-reddod) aseprxo 1dav
ourtue) | urezoid Sutpuiqg aplrofiwe

02 090 8¢-do1°¢ 6F’1 ®’ 1L190T 0rl1 103d3031 g SuIsouape VIOV

03 €80 CTHICT oSl ® FOSIFC SOPTOE ¢ SUIUIRIIOD UTBWOP ASLEXO0A|S caoo

0£0 ¥0-15€°1 970 ' 100t 0T66 1] BuilIejuod 1iadlgy
urewop (7Qd) g.1.g pue jeadax yo[ey

8§T0 90-HdSF'CT 0 e ' 3698951 €691 T 9SEURBAXOIP-£°Z SuLUres[opur zOdl

8¢°0 60-dTF ¢ 90 1 $9,60T 3¥Tr osel9)SUBN[AUUBSOON[S[AJ20. ELVDIN
N L8199
ur2301dooL[3-(~+°1-¥30q) [AsouuBLL

0seqoe 0 L0-d8L°C L¥ 0 Te 83C91CT 00801 [ 101d9201 2USLHOYNS] [AUT2)SAD TALISAD

Lo 1£°0 60-4£0°¢ 050 1© T1190T 9€09 | (UIX010INSU POALISP-[IYdOUTS09 “19AT]) TASYNY
‘ 7 A[Ite) ¥ 9SBNRY ‘@SeI[onuoqiLl

€C0 [1-921°L 09°0 Te L£90CT €F86L | dFTI AILIB[TWIS 2duanbas yrm AJrare; garclinNvd

7 Surnueuod upwop

107

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/061759

WO 2015/061441

02 970 SO-H10°T 19°0 Je £ES6CT FEFEsT FSPESTOOT wetoad [eonaodAy | +c+¢820071
80 §T-HTE9 290 ¥ SHEOET 8+8 Joyoue VLVNGS
AueIqUIBW 10O v/ uuoydeulos .

Ryo 6£°0 SI-46T71 £€9°0 e 111202 €102 1 21j-103do0ar auowIoY “aYI| IINA
~ULOTU “FUIUTBIUOD 2[NPOLU dY1[-J52

I+'0 €I-asv'1 £€9°0 e § 99420 00T 1 urpraqy INdd

210 §€0 CI-dSL°L £9°0 ' LFOILT LL108 1 195181 DAL LIDAW

0 L1-ALFT €90 e 9FCCCe F066T | 9SeUL| T-1010B] U0RSUO]3 ORoAIEND AT

L0 ¢1-d09°L 99°0 e OS+8TT 001F¥F1 L 1equiati ' A[TUie) “SuiulRiios LYHYI
. urgwop ASojowoy uLnsyoeyd

02 00 L0-dTI'T L90 e LF96ET <l10991 €1 oserefsuenofns CILSHO
(¥ umoapuoyd) alpapAgogied

0¥ 0 pI-deeT 89°0 1’ LeL8TC 696%8 ¢ quiawr X0l
Apraey xoq dnots Arjiqow y3ig X O

09 0¥ 0 C1-366°¢ 69°0 Te 8L800T ¥E0T I ujoid urewop S d [erjoyjopus [Svdd

Jeqio €0 TI-de8'F L0 Je QCEC1T SFeee I adojoaue TINAS
Ieajonu “Furareinod yeadar urnoads

09 ¥F0 TCHIgT Lo e s OF8LTT 068¢8 6 PoTeI0sSE sIsouasojetiiads 6V.LVdS

oo 8t°0 TTHIL Y €L0 ® 716T1T 9619 copndadijod | TVN9SIY
BYM06 “oseury 95 ujoad [ewoseqr

ayo 9¢') T1-391°1 FLO 12 S TTS60T 9¢t/ | 101dadar urpoidodyy AIsusp mof A19A AIATIA

230 6£°0 S1-d8T’s 9L°0 ®'S T6091T 8TPET g 1oquisut {(9dA- “1enodsuey 8VLOTIS
proe ouruwie) / A[1UB] JOLLED 9)N|os

LE0 €1-480°C 9L0 1§ 06980T | 1+6££1001 _InILSowW +7d0 ¥2do

0 L1-9FT1 080 e 10T6¢T 190¢9 S 1 3seury uspuadep-urjoLd S1¥dD

950 ¢T-d88T 180 1 S ¥6££0T 08z¢ (ejiydosoa(y) 1SdH
‘1 111ds o 1e0ueyus pue Liey

L¥0 [HACIA RS 880 Je ® Q0CtSSl 20£9¢1 M-JOAS TdOAS

<0 11-916°1 88°0 e £FL80T 69L9 UIRUIOp YOII SUIR)SAD PUB CHS LA

02 6v°0 £Cde9°1 1670 ' LILFSST 12485 a103ds dydad

-dINY? ‘¥ asersatpoydsoyd

108

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/061759

WO 2015/061441

?yio L0 CI-dzL 9 050 1o LSF6ET 6TT8F1 € £98dLY
, Joquidw ‘gg adAl °] ssepo “repodsueny
pidijoydsoydourue “ased [V

oyjo 620 LO-d¥T' ¢ 050 e cObLET 8TE8 Jossatdar vondiosuey di1do
g1 wapuadapui 10198] Y1MoIs

8T°0 60-dss7¢ 050 1’ SF9ecel €T0S8T [#1 SUTUIBINOD UBTLOD [103-PI[10D 710030

L0 [1-916°1 150 s /6331C 05108 [ a3I] dseurseredse I1D¥SY

8E0 FI-dTE1 1670 & s 00980C €987 6¢ fordadar pajdnod-uraoad o 68ddD

0r0 F1-dTe1 €0 Je 81LE0T 80601 9 SUIIEI0D 9V TdNd
urewop asedijoydsoyd oxij-unered

o £1-488°1 [AS] e $6L60T 1066 ¢ urejoxd £JVOdS
SURAIOR ased 1D O OHOY-LITS

0sBqOQ 90 L1-3F9°T (A e $+881T 12208 [ [ )4
Joquiaul AJHUE] 9SBIDYIUAS YO )-]408

1yjo ¥E0 11-350°¢ ¥$0 & 899T0T 3¥61 zg-uuyds TgNdd

Isqio 1+°0 £1-306°8 S0 e £T9+0T £€0L (feuisaput) ¢ J035eJ [10Jo1) eddl

=ygi0 1€°0 60-499°8 80 e $TLFIT 85HC8 | SuIuIeNod urewop X1d 100x1a

Jao 9c°0 90-d€CT] §E0 ® QT9¢CT LSST ¢ 103do31 padnod-usioid O $EAdD

=2yio S 3] 01-418°1 S S0] ' EFLT0T €058 (BUWIl®s) ¢ JIUNgns edelld
Aoyenai “aseury-¢-apuisouroydsoyd

09 €0 80-8€0°9 9¢°0 B T6£60T 891¢ | T asessarpoydsoyd asereydsoydordd TddNE
SPROSONU0IDD

032 4 FL-HI6T] 9¢0 ¥e TLERTT 1LE0L1 3cl 8TIHO01D
awey) Surpeal uado (] QUI0SOWOIYD

=yio LE0 €1-3900°C 9570 1 6ETIPT S06TT 7 uisda INdH

6€°0 €1-d20°8 9¢°0 e Tevor Te B19q 35E[AX0qIB0 Y 0)-|A13%€ dovVov

a0 ¥<0 £1-30071 LEO ¥e 99G6ZT SE9EHI suagopnasd MI-TANAM | 8€95+93071

1310 0¥ 0 FI-d6EF L8570 Te s 1T861T BEFFS [ SUIUTEIoD Uleuiop 1do4o
95B1ONPAIOPIXO 3S0IONI-9500N[S

90 91-4900°1 LSO ¥e 1L66CT 8811¢CT F11 f01dedai pajdnod-usiord o PITddD

LE0 [1-91T°1 090 e ® 98Fkecl 11¥S8 "I FIIHO9D

swey] Suipeas uado 9 2WOSOWOIYD

109

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/061759

WO 2015/061441

19110 8¢0 01-dL0T I+0 Je CTreesl OF1S91 1 101d2221 (X 0) ploUEsos1o0x0 [Y9X0
03 €0 60-d18°L [4¢ e s L0180T 16918 ds-JgN 9seajonuoxd 169180071
09 €£’0 [ARCAN o Te $L8LTT £6206 (ergdosox() €1 aNI-yd[eY SUTHTA

620 cl-dLLe Fo e [.990T £6T9 (unsaie) Dvs
puej3 jeaurd pue eupal ‘uslyue-g

=)o 8¢0 Cl-deie (30 1 606TIT TLEOTT [ SUIUIBIUOD UTBWOP YAV Td/9A"T 1ddA1

€0 60-Ht#'C &0 ¥e TELOLTT (#3989 €T8 um01d 195Uy aurz €Z8ANZ
02 1€°0 60-d¥+'T £ 0 ¥e [350CC 6C108 | L6 dureyy suipear uado § Swosowolyd L6090
=10 LT0 L0-dT°6 €50 1’ 9568661 9ce8 T eseury waold I2NVO
Rpuadop-UIAPOW e /ANID[BD
€0 §0-4L0°L £F0 ¥ €eLS0T 1¥9 | 9YI[-95B21[3Y ()09 "SWIOIPUAS oo g WN1d
1oio <0 LO-ITTT &0 e 31881¢ CLTT ¢ Sureuop NI JIey g pue mog £THA
8T0 LO0-d81°L SFO '’ X JSIH0T $¥91 10 [DTAYY
1oqUUDW “| A[Iuie) 95810Npal 019Y-0p|.

1210 00 80-965°8 SF0 e LOILOT 86<6 SMIOW 101D 101dD
02 S0 11-90¢°¢ SF0 1’ 09€9CT €e1rs ¢ JoBUY SUl pue Julz ELANZ

oo 9T0 FO-dSPE ¥ 0 e C8H9CT 129%¢ 01 Sulureuod 0IOoISA

UIBWIOD UINGO[SOUNtUL PUB J95- A
03 LE0 e1-dec¥ S0 1 6L10€T c18¢8¢c 218587007 uoad jeoneyodAy | 718582001
€0 90-dcTl 90 ® +8ICIT +09¢T T 9seury ure10.1d paleroosse-(ieap Advda
0 ¥1-408°C 90 e 10£90¢ 9500L aseury alsol&} urejoid 59) 241
€20 OI-41€1 90 Je [8FLTC £F0PS1 € Jequuaur AfTUIEY ASHND EUSHND
2y10 8T S0-d8L'T L¥0 ® TTIEIT 86TI z eudie "1 od5) “uske[[60 V610D
_yi0 ¥+'0 ¥Fl-doL°¢ 8+0 e S 18L60C 95901 € paleloosse CSHAdH
uononpsuen jeuss ‘Surpuiq
VN ‘SUIUTBIUOD UIBTIOp Y
0 81-9¥5°C 60 Te 1696CC | LTG68TI001 Tt SUIUlBIuoO rdlaz
Urewiop g 1.g pue 195Ul ourz
09 LE0 01-401°¢C 050 e 69¢9ccl 19¢¢ (s1s3y) TOHHd

7 ewiwres ‘eseury asejlioydsoyd

110

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/061759

WO 2015/061441

9T°0 L0-H81°L 0¢0 e 9FECIT 180¢6 LT LEHOCTD
awey Juipeal uado ¢1 smwOSOWOIYD
=yo 970 90-48¢’C 0€0 e s TeTITT 150¢¢ <0l COLOF1O
. - owely Supeal uado ] SWOSOWON}D
1o LT0 F0-HL0°L g0 e 963TCT 1+06L 8¢ urjoxd suerquistisuen | VEINTNL
LTO 90-49¢'8 1€°0 e 109¢cC SFI1C6 T UIpaLooe;jo TINATO
€270 80-HTCF 1€°0 e ++900T 801¢9 [ ON-SADAVING | TISSDAVIN
03 0£°0 £0-499°6 I€°0 s pTepic €EELT t ur2101d dURIqUISW [2IS23U] I5[0F FINITOD
Iapo 1£°0 80-HPe'C ze0 e s 096£¢C ol1s1t OITSTIDOT B2D2odAY | O11ST IO
6¢0 LO-FFIT (£ e glsoie TLECTT : d Rquusii PNV
‘9F Ale[iuns aouenbas m AJrue}
¥E0 80-d18°L €0 ¥’ TTI60T £zl T urdifuad TNI1d
03 LT0 90-369'F Te0 ¥e 81TOCT 060¢ T 190UeD Ul pajejAyatradiy IDIH
9T°0 90-dFI'1 FE0 Te 98¢Tesl 60£20T ouelquIamIsUBy LdVD
: ‘uray0Jd 101depe SurpuIg-zEUD
6C0 L0-H90°9 ¥e0 8 96960T £0TT 1 asereqdsordsiq-9° T -asojony 1ddd
€T0 LO-FTL' L0 ' $8800T A0 UTeIq "9SBUIY JUNBIIO q30
1o LT0 FO-H65°S S0 Je 96¢£09¢1 L6868 (eriydosoi) 9 aYI[-yo1ey 9THTY
1o 1¢°0 90-HSH'T €0 1 LTHFRT cor6 € QU AJTIR) UISaUDy €A
reo 11-4%6°6 9¢°0 ® 0I81€T LOLOF1 urjoid suipuiq £Ryg dgcrag
9¢70 O1-dot'c 8¢°0 e 09¥90T 996¢¢ 3 VIV
ui2101d pajervosse suoyounl suaioype
. 05eqO? §T0 L0-d18°¢ 8¢°0 1S 8TLIIT TLER € 9SEPIUTWES0IN3OUOIN]RAY CIVAH
€€ LO-dF1°T 6<°0 e TETSET +¥83 [ sel Jo 1ossexddns oseury A5
R0 6C°0 LO-HTL'T 0¥ 0 ' LLEDIT 96C9 ¢ oquuiaur Ajruwef ENSDOV
UIRO-WINIPAUT SSEISIIUAS YO y-[A08
oo LE0 [1-4+6°T 2] e Se6L0T 8686 OFOVVIN | 6FI0VVIY
6e0 ¥0-400°C 0t 0 e 9/191¢T CECL8E I1d8OH 1dd0H
paje[ai-BuiouloTes fejnjjasojeday
EEN) Tro ST-368°C 10 1’ $6L20C 8z9¢ | esereydsoyd--areydsoydijod jopisour TddNI

111

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/061759

11 Suureucs

058q09 0€0 F0-FSE} 970 ® 10£P0T . urewop (70Od) 919 pue 1eadal yopoy 1agrgay

nWo 620 P0-JLT°E 820 ® 906712 €1 SULURIU0D WP WVIHD | g1V ID

Iwyio 1€°0 90~409°¢ 820 18 89¢TT 9 Iquiaw 93INDY
N Ajnueiqns ‘[puueyo wnisseiod

970 F0-ITC°S 670 B S 1EZF0T ASBJOIPAY dpiue PIOR AlE] HVYVA

o 9z°0 S0-HZE6 670 1 L0067 [ undas 11dds

WO 2015/061441

112

SUBSTITUTE SHEET (RULE 26)




WO 2015/061441 PCT/US2014/061759

EXAMPLE § - Transcripts correlated with eosinophil counts inchude cosinophil-restricted
and broadly expressed genes

18361} In asthma patients, the nflammatory cytokives 113 and 1113 in the aivway roay
contribute to systenuc eosinophilia in complomentary ways: 13 IL5 s primary function is to
promote costnophil hematopoiosis, mobtlization, and survival, thus elevated ILS expression
in the airways sends a signal to the bone marrow to produce eosinophils; 2y among [L137s
many functions is to induce the expression of CCR3-binding chemokines such as CCLL, 13,
23,24, and 26 in structural cells of the bronchial mucosa such as epithelial cells and
fibroblasts, thus the cosinophils mobilized by [LS migrate toward the site of [ 13 expression
along a chemokine gradient. See, e.g., Wenetal. {2013) Proc Nail Acad Sci U S A 110: 6067-72. In
addition to promoting eosinophil chemotaxis via chemokine induction, 1L13 exerts multiple
additional effects on the atrway that may lead to altered levels of soluble and cellular
mediators in the peripheral blood. See, e.g., Arron et al. {2013) Adv Pharmacol 66: 1-49. Hence, a
process that promotes peripheral cosinophilia may also lead to other eosinophil-independent
effects on gene expression in blood cells,

18362] To determine whether transcripts related to peripheral blood eosinophil count
were due o their expression in eosinophils or i other cell types, the relative expression
tevels of cosinophil-related transcripts in a publicly available dataset (GSE3982) comprising
sorted blood cells was examuned. See Liu etal. (2006) T Allergy Clin Fnmunol 118: 496-503, Among
the most highly eosinophbil-related transcripts in the EXTRA dataset that were also
represented in the GSE3982 dataset, three major patterns of expression were identified: 1)
cosinophil-restricted, where expression of the transcript is predominantly found in
eosinophils from among all the cell types examined; 2) cosinophil/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
feukocytes {which may also be found in tissue-resident mast celis), such as FeeRiand
tryptase genes, which suggests that the cosinophil/basophil-restricted transeripts were
significant in our analysis becanse of their expression in gosinophils but not necessarily in
basophils. Table 5 lists the expression patierns for transcripts represented in both datasets

where “eo” denotes predominantly eosinophil-restricted expression, “cobaso” denotes
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expression mainly restricted to cosinophils 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 GSE39R2 dataset and thus are not annotated.
Exampies of the three patterns are illustrated in Fig. 4, where SIGLECS is largely restricted
to cosinophis (Figure 4A), CLC 15 expressed predominantly in cosinophils and basophils
(Figure 4B), and CSF1 is more broadly expressed across muitiple cell types (Figure 4C),
despite the fact that all three transcripts are highly correlated to blood cosinophil count.
These data suggest that some eosinophil-related transcripts in peripheral blood may reflect
biological processes that are associated with, but not strictly due to cosinophil count, which
has the potential to add robustness to the power of peripheral blood transcripts to predict
pathophysiological processes in the airways bevond simply counting eosinophils.

EXAMPLE 6 — Eosinophil-related transcripts in peripheral blood wdentify moderate-severe
asthma patients with increased clinical beoefit from lebrikimumab

[8363] We have shown in the phase I MILLY study that moderate-severe patients with
poorly controlled asthrea despite ICS with pre-treatmient serum pertostin or FeNO levels
above the median level in the study exhibited significantly improved fung function on
febrikizumab treatment relative to placebo whereas patients with baseline serum periostin or
FeMNO levels below the median did not show a significant benefit from lebrikizumab relative
to placebo. See, e.g., Corren et al. (2611 N Engl J Med 365 1083-98; Arron ot al. (20113 N Engl J Med
365: 2433-34, To determine whether cosinophil-related gene expression in peripheral blood
could similarly predict clinical benefit from lebrikizumab, expression of 47 cosinophil-
related transcripts by gPCR in baseline PAXgene blood RNA samples from pationts in the
MILLY study was assessed. Samples were taken immediately prior to the first dose of study
drug at randomization and were available for 208 of the 219 patients in the modified intent-
to-treat population

[6364] The first step in assessment of the expression data was consideration of quality.
PCR amplification with the selected primer and probe sets failed for 3 genes (1DO2,
KBTBDU, and P2RY2). ILSRA exhibited unaceeptable techunical performance (plate effects)
during gPCR and was omitted from further analvses. LRRC17 data was misging in over
3000ver 25% of saraples 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 fow and apparently randomly distributed.
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18365] The outcome assessed was the difference in placebo-adjusted change 1n FEV, at
12 weeks with patients dichotomized around the median expression level of cach gene at
baseline. To ensure consistency of response, post-hoc analyses exarpined the performance of
the dichotomized groups to predict FEV response continuously over the 32-week course of
the study.

83366} Over 20 transeripts performed comparably 1o or better than pertostin, FeNQ, and
blood eosinophils to enrich for placebo-adjusted FEV, benefit from lebrikizumab at week 12.
When dichotomized according to the median exprossion lovel at baseline, patients with
expression levels of CSF1, MEIS2, LGALS12, IDOL, THBS4, OLIG2, ALOX1S5, SIGLECE,
CCLZ3, PYROXDZ, HSD3B7, SORD, ASB2, CACNGS, GPR44, MGATSE, SLC47A1L,
SMPD3, CCR3, CLC, CYP4FI2, and ABTR2 above the median all exhibited significantly
greater placebo-adjusted FEV improvement {rom lebrikizamab at 12 weeks than patients
with expression levels of those genes below the median (95% confidence intervals do ot
include zero, Fig. §). The expression of several genes including CD9, P2ZRY 14, PMP22,
BACEZ RNASE2Z, FAMIZ4B, UGT2R28, ACOTHL CYSLTRI, ILIRLY, and MYB did not
substantially enrich for placebo-adjusted FEV benetit from lebrilazamab, while others
including OLIGT, PRSS33, HRH4, SPNS3, SLC20A 1, CYSLTRZ, DACHL, and SLCI6AT4
enriched for clinical benefit but with 95% confidence intervals for placebo-adjusted FEV,
improvement including zero (Fig. 5). Using baseline vahies dichotomized around the median,
genes that differentiated for placebo-adjusted FEV, benctit 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 fora
population of moderate-severe asthma patients hikely to experience enhanced clinical benetit
from lebrikizumab.

EXAMPLE 7 — Peripheral blood gene expression levels are correlated 1o blood eosinophils
in adult and pediatric sebjects

8367} As serum periostin is expressed at markedly different levels and is not correlated
with blood cosinophils in pediatric asthioea patiends, it was determined whether cosinophil-
related transcripts in peripheral blood were: 1) correlated with blood eosinophils in pediatric
subjects and 2} scaled comparably 1o adult and pediatric subjects. Matched PAXgene blood
RMNA saroples, blood eosinophil percentage, FeMNO, and seram IgE levels from 411 subjects
aged ¥-21 in the “"GALA H” study (Nishimura et al. (2013) Am ¥ Respir Crit Care Med 188: 309-18;
Kumar et al, (201331 Allergy Chin bumanol dot: 19.1016/] jacl2013.62.046. [Epub ahead of print}; Bowmell et

al. {2013y Am J Respir Crit Care Med 187 697-702), of whom 277 had physician-diagnosed asthma
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and 134 were age-matched healthy controls, were obtained. The asthmatic subjects in GALA
had significantly lower FEV{ % predicted and significantly higher serum IgE, blood
cosinophils, and FeNO than the conirol subjects. The pediatric asthioa subjects 10 GALA had
significantly intercorrelated blood eosinophil percentage and FeNQO levels, the range and
distribution of which overlapped with blood eosinophil percentage and FeNQO from adult
moderate-severe asthmatic subjects in the BOBUAT cohort (Gia et ol (2612) J Allergy Clin
framuane] 136: 647-654 ¢10) {Table 6). In both asthmatic subjects and healthy controls in GALA,
there was a weak but significant negative correlation between blood cosinophil percentage
and age (Fig. 7, similar to observations shown in other coborts in Fig. 3}, however blood
cosinophil percentage was not substantially skewed relative to adult subjects.

Table 6:; Clinical and demographic features of BOBCAT (adult) and GALA I {pediatric)
cohorts

<3000 v, GALA conleal

Provided herein are anti-RSPO antibodies, m particular anti-RSPO2 antibodies and/or anti-RSPO3
auntibodies, and methods of using the sane,

63638} 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 gPCR in GALA {the first GALA study is described, for
example, in Corvol et al., Pharmacogenet Genomics. 2009 Jul 19(7):439-96) and 88 baseline
samples from BOBCAT simultanecously to mitigate batch offects. Most genes observed
similar relationships between expression level and blood eosinophil percentage in aduolt
asthmatics and pediatric subjects with and without asthma, suggesting that the ability of gene
exprossion to predict blood eosinophilia was consistent independent of age or diagnosis (e.g.

CCL23, Fis. 8A). However, some transcripts observed diversent patterns between GALA
k. E:.‘ s 2 fal X
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and BOBCAT, e.g. CLC, which had comparable correlation coefficients relative to blood
cosinophil percentage in adult and pediatric subjects but which was expressed at substantially
higher levels for a given blood eosinophil percentage in adults than in pediatric subjects (Fig.
8B or CSFI, which observed both divergent correlation coefficients and divergent scaling
in adult and pediatric subjects (Fig. 8C). To wdentify the transcripts that were both highly
rejated to blood eosinophil counts and minimally dependent on age, a Hinear regression model
tncorporating all data from BOBCAT, MILLY, and GALA in which gene oxpression was
assessed as a function of blood cosinophil percentage, age, the interaction term between age
and blood cosinophil percentage, and baich was constructed. Genes that were maximized in
the model estimate for blood cosinophil 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 1o Wentify patients with enhanced clinical benefit from
tebriliimumab 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 FEV,
at week 12 10 MILLY (Fig. 5), the Pearson correlation coefficionts between gene expression
and blood cosinophil percentage in BOBCAT and asthmatic subjects in GALA, the ratio of
Y-intercept for the regression of AACt vs. (blood ecosinophil percentage)-2 as lustrated 1o
Fig. 8 between pediatric and adult asthmatic subjects, and the dynamic range of expression as
deterrained by the difference in AACK between the 10th and 90th percentile of expression
tevels observed in all GALA and BOBCAT samples for each gene. Genes with comparable
correlation coefficients {0-10%) between BOBUAT and GALA were deemed to have a
higher priority than genes with divergent correlation coofficicnts; genes with smaller
intercept ratios {0-10%) were deemed higher priority than genes with higher intercept ratios,
and genes with larger dynamic ranges (3 3 cycles) were deemed higher priority than genes
with smaller dynamic ranges.

13369 Taken together, the performance of many genes in the Hnear regression model
{Fig. 9) and categorical analyses (Table 7) suggest that they may be suitable as biomarkers
predictive of enhanced clinical benefit from therapics targeting type 2 inflammatory

mediators in pediatric asthma patients,
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Table 7: Summary of blood cosinophil-related transcripts predicting lebrikizumab clinical
benefit and relationships between gene expression and blood eosinophil percentage in adult
and pediatric asthma

MILLY r Vs sgrt | ¥ vs.sgre% | Alsterceptratio

Gene AAFEV Y e0s eos GALA GALA vs, dynamic
(%) BOBCAT (CASE) BOBCAT range (4dCH

C8F1 1.9 0.57 0.54 0.28 #* 23%
MEIS2 103 037 0.41 (.14 * 3.4
LGALSIZ 9.8 0.53 0.67 * 0.10 2.7
ot 9.7 0.72 0.76 (.03 3.4
THBS4 9.6 0.71 0.77 0.17% 3.5
OLIG2 9.5 0.7% 0.82 (.26 ** 18
ALOX15 9.0 0.74 0.76 0.1 4.7
SIGLECY 8.6 0.82 0.79 0L 4.4
CCL23 8.3 0.71 0.79 0.04 4.9
PYRUXDZ 8.4 0.59 0.6 0.10 2.3+
HSBIBT 8.2 0.44 0.46 (108 3.7
SURD 8.2 6.57 0.60 015 2.3
ASBL 5.1 0.69 0.73 0.11 % 2.6 %
CACNGS 6.7 0.70 0.69 (.09 33
GPRA4 6.1 0.76 0.50 i1 3.9
MGATS 6.0 0.56 +# 0.17 ¥ 0.94 ** 4.5
SEC47A% 59 0.26 (.41 * (.18 * 2.0
SMEPED3 58 0.26 .83 (Lig* 3.2
COR3 5.8 0.45 * 0.5% 0.03 24 %
CLe 5.5 0.74 0.83 0.22 %% 4.4
ABTBZ 51 0.69 (.68 0,27 w% 2.9
CYP4FI2 - 0.38 * 04 0.46 4
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CLAIMS:

L A method of predicting the response of a paticnt suffering from asthma or a
respiratory disorder to a therapy comprising a TH2 pathway inhibitor, the method
COmprising:

obtaining a biclogical 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, MEISZ, LGALS1Z, IDOL, THRSY, OLIGE, ALOX1S,

SIGLECE, CCL23, PYROXD?2, HSD3B7, SORD, ASB2, CACNGS, GPR44,

MGATS, SLC47AT, SMPD3, CCR3, CLC, CYP4F1Z, and ABTB2,

compariog the mRNA level detected 1n the sample to a reference level,

and
predicting that the patient will respond to the therapy when the mRNA fevel 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 responsivencss of an asthma pationt or a respiratory
disorder patient to a TH2 pathway inhibitor treatment, the method comprising measuring the

mBRNA level of at least one, at least two, or at least three markers selected from CSF1,
MEISZ, LGALS1EZ, IDOT, THBES4, OLIG2, ALOX1S, SIGLECS, CCL23, PYROXD2,
HSD3R7, SORD, ASB2, CACNGS, GPR44, MGAT3, SLC47AL, SMPD3, CCR3, CLC,
CYP4F12, and ABTB2 in a biclogical sample from the patient, wherein elevated oRNA
fevel compared to a reference level identifies the patient as one who is fikely to respond to

the TH2 pathway inhibitor treatment.

3 A mcthod of wWentifying 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 CSF1, MEIS2, LGALSI2, IDO1, THBS4, QLIG2,
ALOXIS, SIGLECE, CCL23, PYROXDZ, HSD3B7, SORD, ASR2,
CACNGS, GPR44, MGAT3, SLC47AL, SMPD3, CCR3, CLC, CYP4F1Z,

and ABTR?2 in a biological sample from the patient;
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(b} comparing the mRENA level measured in () to a reference level; and
(c) tdentifving the patient as more likely 1o respond to the therapy comprising the
TH2 pathway inhibitor when the mRNA level measured 1o {a) is above the

reference level

4. The method according (o any one of the preceding claims, wherein the TH2
pathhway fuhibitor is an inhibitor of ITK, BT, T.-9 (e.g., MEDI-5328), IL-8 (e.g.,
Mepolizumab, CAS No. 196078-29-2; resilizumab), TL-13 {e.g., IMA-026, IMA-638 (also
referred to as, anrukinzumab, INN No. 910645-32-0; QAX-576; [L4/TL13 trap),
tralokinumab (also referred to as CAT-354, CAS No. 1044515-88-9y; AER-001, ABT-308
{also referred to as humamzed 13CS.5 antibody), IL-4 (e.g., AER-001, 1L4/1L13 trap),
OX40L, TSLP, 1L-25, HL.-33 and IgE (c.g., XOLAIR®, QGE-031; MEDI-4212; quilizuraab);
and receptors such as: [L-9 receptor, IL-5 receptor (e.g., MEDI-363 (benralizumaly, CAS No.
1044511-01-4), fL-dreceptor alpha (e.g., AMG-317, AIR-645, dupilumab), IL-
i3receptoralphal (e.g., R-1671) and [L-13receptoralpha?, OX44, TSLP-R, IL-TRalpha (a co-
receptor for TSLP), IL17REB (receptor for 1L-25), ST2 (receptor for 1L-33), CCR3, CCR4,
CRTH? {e.g., AMG-853, AP768, AP-761, MLN6O9S, ACTI29968), FeepsilonRl,
FeepsilonRIVCD23 (receptors for IgR), Flap (e.g., GSK215{(915), Syk kinase (R-343,
PF3526299); CCR4 (AMG-761), TLRY (QAX-935), or 1s a multi-cytokine mhibitor of
CCR3, ILS, IL3, GM-CSF (e.g., TPT ASMSB).

S. The method according to any one of the preceding claims, wherein the TH2

pathway inhibitor is an anti-IL13/TL4 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-1L-13 antibody or an anti-1L.-13 bispecific antibody.
7. The method according to claim 6, wherein the anti-1L-13 antibody is an
antibody cornprising & VH comprising a sequence selected from SEQ ID NOs: 9, 19, and 21,
and VL comprising a sequence selected from SEQ D NG 10, 20, and 22; an anti-1L13
antibody comprising HVRHI, HVRH2, HVRH3, HVRLI, HVRLZ, and HVRL3, wherein the
respective HVRs have the amino acid sequence of SEQ ID NO.: 11, SEQ ID NOL 12, SEQ
D NG 13, SEQ ID NG 14, SEQ ID NG 15, and SEG ID NO.: 16; or lebrikizumab.
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&. The method according to claim 4, wherein the THZ pathway inhibitor is an

anti-Igh antibody.

G, The mcthod according to claim §, wherein the anti-IgE antibody 5 (i) the
XOLAIR® antibody, (1) anti-M 17 antibody comprising a variable heavy chain and a variable
tight chamn, wherein the variable heavy chain 1s SEQ 1D NO:{ and the variable hight chain is
SEQ TR NO:2 or (111) an anti- M1 antibody comprising a8 variable heavy chain and a variable
fight chain, wherein the variable heavy chain further comprises an HVR-H1, HVR-H? and
HVR-H3, and the variable hight chain further comprises and HVR-L1, HVR, L2 and HVR-L3
and: {a) the HVYR-H1 has the sequence of SEQ 1D NO: 3 [GFTFSDYGIAL (b) the HVR-H2
hag the sequence of SEQ 1D NGO 4 [AFISDLAYTIVYADTVTG]; (¢) the HVYR-H3 has the
sequence of SEQ I NG S [TARDNWDAMDY ; (d) the HVR-L1 has the sequence of SEQ
D NG: 6 [RSSQSLVHNNANTYLHE (¢} the HVR-L2 has the sequence of SEQ 1D NO: 7
[KVSNRFS]; () the HVR-L3 has the seguence of SEQ 1D NG: R {SGNTLVPWT].

10 A method of treating a pationt having asthma or a respiratory disorder, the
method comprising:

{a) measuring the mRNA level of at least one, at least two, or at least three
markers selected from CSF1, MEIS2, LGALSI2, IDO1, THBS, GLIG2,
ALOXIS, SEGLECE, CCL23, PYROXD?Z, HSD3B7, SORD, ASB2Z,
CACNGS, GPR44, MGAT3I, SLC47AL, SMPD3, CCR3, CLC, CYP4Fi2,
and ABTB2 in a biological sample from the patient;

(b} corapariug the eRNA level measured in (a) 1o a reference level;

(¢) identifying the patient as more likely to respond a therapy comprising a TH2
pathoway fuhibitor when the aRNA level measured in {a) is above the
reference level; and

(d) administering the therapy when the mRNA level measured in (8) is above the

reference lovel, theveby treating the asthima or respivatory disorder.

1. The method according to any one of the preceding claims, wherein measuring

the mRNA levels comprises amplification.
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12. The method according to claim 11, wherein measuring the mENA levels

comprises quantitative PCR.

13, The method according to any one of the preceding claims, wherein measuring
the aRNA levels coraprises anplifying 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.

15, A method of treating asthma or a8 respiratory disorder in 8 patient, comprising
administering o the pationt a therapeutically effective amount of a TH2 pathway inhibitor,
wherein a biclogical sample obtained from the patient has been determined to have elevated
mRINA levels of at least one, at least two, or at least three markers selected from CSF1,
MEIS2, LGALSIE2, IDOT, THRS4, OLIG2Z, ALOX1S, SIGLECSE, CCL2Z3, PYROXD?Z,
HSD3B7, SORD, ASB2, CACNGS, GPR44, MGAT3, SLC47AL, SMPD3, CCR3, CLC,
CYP4F12, and ABTR2, compared to the raRNA levels of the respective markers ina

reference population.

16. A method of treating asthma or a respiratory disorder in a patient, comprising
administering to the paticnt a therapeutically effective amount of a TH2 pathway inhibitor,
wherein the patient has been selected for treatroent based on elevated mRNA levels in
biological sample obtained from the patient of at least one, at least two, or at lcast three
markers selected from CSF1, MEIS2, LGALSL2, IDOL, THRS4, OLIG2, ALOX1S,
SIGLECS, CCL23, PYROXDZ, HSP3B7, SORD, ASB2, CACONGS, GPR44, MGATS,
SLC4TAL, SMPD3, CCR3, CLC, CYP4F12, and ABTB2, compared 1o the mRNA levels of

the respective markers in a reference population.

17, The method according to claim 13 or claim 16, wherein the mRNA levels

were determined by a method comprising amplification.

18. The method according to claim 17, wherein the mRNA levels were determined

by a method comprising quantitative PCR.
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19, The method according to any one of claims 15 to 18, wherein the mRNA
tevels were determined by a method comprising amplhifying the mRNA and detecting the

amplified product,

20. The method of any one of claims 15 to 19, wherein the reference level s the

median level of the respective marker in a reference population.

21 The method according to any one of claim 15 to 20, wherein the TH2 pathway
mhibttor is an inhibitor of ITK, BTK , IL-9 (e.g., MEDI-528), IL-5 (e.g., Mepohzumab, CAS
No. 186078-29-2; resilizomab), IL-13 (e.g., IMA-026, IMA-638 {also referred to as,
anrukinzumab, INN No. 910649-32-0; QAX-576; IL4/IL13 trap), tralokinumab {(also veferred
to as CAT-354, CAS No. 1{44515-88-9); AER-((1, ABT-308 {also referred o as humanized
13CS.5 antibody), 1L-4 {c.g., AER-001, IL4/IL13 trap), OX40L, TSLP, 1L-25, IL-33 and IgE
{e.g., XOLAIR®, QGE-031; MEDI-4212; quilizumab); and receptors such as: TL-9 receptor,
1L-5 receptor {e.g., MEDI-563 (benralizumab, CAS No. 1044511-01-4), {L-4receptor alpha
{o.g., AMG-317, AIR-645, dupilumab), IL-Ureceptoralphal (g, R-1671) and i~
13receptoralphal, OX40, TSLP-R, IL-7Ralpha (a co-receptor for TSLP3, IL17RB (receptor
for IL-28), 8T2 {receptor for [L-33), CCR3, CCR4, CRTH2 (e.g., AMG-853, AP768, AP-
761, MLNG6G9S, ACT128968), FeepsilonRI, FeepsilonRIVCD23 (receptors for Ig), Flap
{c.g., GSK2190915), Syk kinase (R-343, PF3526299); CCR4 (AMG-761), TLR® (QAX-
8353, or is a multi-cytokine inhibitor of CCR3| ILS, IL3, GM-CSF {e.g., TPI ASME}.

22. The method according to any one of clatms 15 to 21, wherein the TH2

pathway inhibitor is an anti-IL13/1L.4 pathway inhibitor or an anti IgE binding agent.

23. The method according (o any one of claims 15 to 21, wherein the TH2

pathway inhibitor is an anti-FL-13 antibody.

24, The method according to claim 23, wherein the anti-iL-13 antibody is an
antibody comprising a VH comprising a sequence selected frorm SEQ ID NOs: 9, 19, and 21,
and VL comprising & sequence selected from SEQ ID NO: 16, 20, and 22; an anti-1L13

antibody comprising HVRHE, HVRH2, HVRH3, HVRLIE, HVRL2, and HVRL3, wherein the
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respective HVRs have the amino acid sequence of SEQ ID NO.: T SEQ ID NQL 12, SEQ
NG 13, SEQ ID NG 14, SEGQ ID NG 15, and SEG 1D NQOL: 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 28, wherein the anti-HL-13

antibody is administered subcutancously.

27. The methoed according to any one of clatms 23 to 26, wherein the anti-TL-13

antibody is administered using a prefilled syringe or antoinjector device.

28, The method of claim 23, wherein the anti-TL-~13 antibody is a bispecific anti-

{13 antibody.

29. The method according to claim 2&, wherein the bispecific anti-IL13 antibody

binds 1L-13 and 114,

34 The method according to claim 22, wherein the TH2 pathway inhibitor is an

anti-IgE antibody.

31 The methoed according to claim 30, wherein the anti-Tgh antibody is (i) the
XOLAIR® antibody, (11} anti-M1” antibody comprising a variable heavy chain and a variable
hight chain, wherein the variable heavy chain is SEQ 1D NO:1 and the variable light chain is
SEQ ID NG:2 or (111) an anti- M1 antibody comprising a variable heavy chain and a variable
tight chain, wherein the variable heavy chain further comprises an HVR-HI, HVR-H2? and
HVR-H3, and the variable light chain forther comprises and HVR-LI, HVR, L2 and HVR-L3
and: {a) the HVR-H1 has the seqguence of SEQ 1D NO: 3 {GFTFSDYGIAL (b the HVR-H2
has the sequence of SEQ ID NO: 4 [AFISDLAYTIVYADTVTG]; (¢) the HVR-H3 has the
sequence of SEQ ID NO: 5 [ARDNWDAMDYY; (d) the HVR-LT has the sequence of SEQ
D NG: 6 [RSSOSLVHNNANTYLH]I; (¢) the HVR-LZ has the sequence of SEQ ID RO 7
[KVSNRFS]; () the HVR-L3 has the sequence of SEQ ID NO: § [SONTLVPWT].

-
i
o
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32 The method according to claim 31, wherein the anti-IgE antibody 1s an anti-

M1’ antibody.

33, The method according to claim 31, wherein the anti-M 17 antibody is
administered subcutancously at a flat dose of 150 mg once every 12 wecks, 300 mg once

every 4 weeks or 450 mg once every 12 weeks.

34, e method according to claim 33, wherin the anti-M1” anttbody 18
34 Th thod fing to ¢l 33, wi i 1-M 1 antibods

administered subcutaneously at a flat dose of 150 mg once every 12 weceks.

35. The method according to claim 33, wherin the anti-M 17 antibody is

administered subcutancously at a flat dose of 450 mg once every 12 weeks.

36. The method according to claim 34 or claim 35, further comprising
subcutaneous admintstration of an additional dose four weeks after admunisiration of an

initial dose.

37. The method according (o any one of the preceding claims, wherein the at Jeast
one, at ieast two, or at least three markers are selected from CSF1, MEIS2, CCL23, HSD3R7,

SORD, CACNGE, MOAT?, SLC4TAL, and ABTB2.

3R, The methed according to any one of clatms | 10 36, wherein the at least one, at
least two, or at least three markers are selected from MEIS2, LGALSIZ, IDCT, ALOX13,
SIGLECE, CCLZ3, PYROXDZ, HSD3R7, CACNGS, and GPR44.

39, The method according to any one of claims 1 to 36, wherein the at least one, at

feast two, or at least three markers are selected from CCL23, IR0, HSD3RY, and CACNGS.

40, The method according to any one of claims | to 36, wherein the at least one, at

least iwo, or three markers are selected from CCL23, IDG, and CACNGO.

41. The methed according to any one of clatms | to 36, wherein the at least one, at

least two, or three markers are sefected from HSD3R7, SIGLECS, and GPR44.
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42, The method according to any one of claims 1 10 36, wherein the at least one, at
feast two, at least three, or four markers are selected from SIGLECS, CCL23, CACNGH, and

GPR44.

43, The method according to any oune of the preceding clairns, wherein if the

mRNA level is clevated, the patient is Eosinophilic Inflanmumation Posttive (EIP).

44, The method according to any one of the preceding claums, 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 respiratory disorder is uncontrotied on a corticosteroid,

46, The method according to claim 45, wherein the corticosteroid is an inhaled

corticosteroid,

47, The method according to claira 46, wherein the inhaled corticosteroid 15

Qvar®, Pulmicon®, Symbicon®, Acrobid®, Flovent®, Flonase®, Advair® or Azmacort®,

48. The method according (o any one of the preceding claims, wherein the patient

is being treated with a second controller.

48, The method according to claim 48, wherein the second controlier is a fong

acting bronchual dilator (LABD).

50, The mcthod according to claim 49, wherein the LABD 15 a long-acting beta-2
agonist (LABA), lenkotriens receptor antagonist (LTRA), long-acting muscarinic antagonist

(LAMA), theophyiline, or oral corticosteroids (OCS).

51 The method according to claim 49, wherein the LABD is Symbicont®,

, o T e AT Pt TN o 5
Advair®, Brovana®, Foradil®, Perforomist™ " or Serevent®,

1 a0

e
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S2. The method according to any one of the preceding claums, wherein the patient
is 0-17 years old, 2-17 years old, 2-6 vears old, 6-11 years old, 8-17 years old, 12-17 years

old, 2 years old or older, 6 vears old or older, or 12 vears old or older.

53, The mcthod according to claim 52, wherein the patient is 18 years or older.

54, The method according to any one of the preceding claims, wherein the patient

is @ human.

55, The mcthod according to any one of the preceding clauus, wherein the
biological sample 1s selected from blood, serum, plasma, and peripheral blood mononuciear

ceils (PBMCs)

S6. The method according to claim 53, wherein the biological sample is PBMCs.

57. Use of a kit for determining the level of at feast one, at least two, or at least
three markers selected from CSF1, MEISZ, LGALSIZ, IDOL, THRSY, CLIG2, ALOX13S,
SIGLECSE, CCL23, PYROXDZ, HSD3R7, SORDy, ASB2, CACNGS, GPR44, MGATS,
SLO47AL, SMPD3, CCR3, CLC, CYP4F12, and ABRTB2 in a biclogical sample obtained
from an asthma patient or respivatory disorder patient for stratifying asthma patients into

likely responders and non-responders for therapeutic treatment with a TH2 pathway mhibitor.

58. The use according to claim 57, wherein the kit is for determining the level of
at least one, at least two, or af least three markers selected from CSFi, MEIS2, CCL23,

HSD3B7, SORD, CACNGS, MGAT3, SLC4TAL and ARTB2.

59, The use according to claim 57, wherein the kit is for determuning the level of
at least one, at least two, or at least three markers selecied from MEIS2, LGALSIZ, IDOL,

ALOXIS, SIGLECE, CCLZ3, PYROXDZ, HSD3RT, CACNGS, and GPR44.

6{ The use according to claim 57, wherein the kit is for determining the fovel of
at least one, at least two, or at least three markers selected from CCL23, DO, HSD3RT, and

CACNGS.
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61. The use according to claim 57, wherein the kit 1s for determining the level of

at least one, at least two, or three markers selected from CCL23, IDO1, and CACNGS.

62. The use according to claim 57, wherein the kit is for determining the fovel of

at least one, at least two, or three markers selected from HSD3RT, SIGLECE, and GPR44,

63,  The use according to claim 57, wherein the kit is for determining the level of
at least one, at least two, at teast three or four markers selected from SIGLECSR, CCL23,

CAUNGS, and GPR44,

64, The use according to any one of claims 57 to 63, wherein use of the kit
comprises:

a) measuring the aRNA 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 deternuned n step a) to a refercnce

fevel: and

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

the comparison obtained in step b).

635, The use according to claim 64, wherein the reference level 15 the median level

of the respective marker in a reference population,

66, The use according to claim 64 or claim 65, wherein if the mRNA lfevel ot at
least one marker is above the reforence level, the patient is stratified into the category of

responder.
67, The use according to any one of claims 64 1o 66, wherein if the level of at
least one marker is above the reference level, the patient is Eosinophilic Inflammation

Positive (EIP).

68.  The use according to claim 67, wherein if the patient 15 EIP, the use comprises

selecting a therapy comprising a TH2 pathway inddbuor,
2 o o
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6%, The use according to any one of claims 57 to 6§, wherein the patient is

sutfering from moderate 10 severe asthia.

70 The use according to any one of claims 57 to 69, wherein measuring the

mRNA levels of at least one roarker coraprises amplification.

71 The use according to clan 70, wherein measuring the mRNA levels of at least

one marker comprises quantitative PCR.

72. The use according to any one of claims 57 to 71, 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 use according to claim 73, wherein the inhaled corticosteroid is Qvar®,

Pulmicort®, Symbicont®, Acrobid®, 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 ase 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 10 78, wherein the TH2 pathway
inhibitor inhibits the target ITK, BTK | IL-9 {e.g., MED-528), IL-5 {e.g., Mepohizumab,

CAS No. 196074-29-2; resihizumab), 11-13 (e g, IMA-026, IMA-63% {also reforred 1o as,
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anrubinzumab, INN No. 910649-32-0; QAX-576; TL4/IL13 trap), tralokinumab (also referred
1o as CAT-354, CAS No. 1044515-88-9% AER-(001, ABT-308 {also referred o as humanized
13C5.8 antibody), 114 (e.g., ABR-00L, TEA/TLI3 trap), OX40L, TSLP, IL-25 TL-33 and IgE
{e.g., XOLAIR, QGE-031; MEDI-4212; quilizummab); and receptors such as: 1L-9 receptor,
-5 receptor (e.g., MEDI-563 {benralizumab, CAS No. 1044511-01-4), {L-4receptor alpha
{e.g., AMG-317, AIR-645, dupilumab), IL-13receptoraiphal {e.g., R-1671) and IL-
13receptoralpha?, OX40, TSLP-R, 1L-7Ralpha {(a co-receptor for TSLP), ILI7REB (receptor
for IL-25), ST2 (receptor for [L-33), CCR3, CCR4, CRTH2 (e.g., AMG-853, AP763, AP-
761, MLNG6OSS, ACT126968), FeepsilonR], FeepsilonRIVCDZ3 (veceptors for g, Flap
{o.g., GSK2190915), Syk kanase (R-343, PF3526299); CCR4 (AMG-761), TLRY (QAX-93S)
or is a multi-cytokine mhibitor of CCR3, ILS, .3, GM-CSF {¢.g., TPI ASMS).

&B.  The use according to any one of claim 537 to 78, wherein the TH2 Pathway 1s

an anti-1L13/1L4 pathway inhibitor or an anti Ig¥ binding agent.

1, The use according to any one of claims 57 to 80, wherein the THZ pathway

inhibitor is an anti-1L-12 antibody or an anti-{1.-13 bispecific antibody.

a2, The use according to claim 81, wherein the anti-1L-13 antibody 15 an antibody
comprising a VH comprising 8 sequence selected from SEQ ID NOs: 9, 19, and 21, and VL
comprising a sequence selected from SEQ 1D NO: 10, 20, and 22; an anti-1L13 antibody
comprising HVRHI, HVRH2, HVRH3, HVRLL, HVRL?, and HVRL3, wherein the
respective HVRs have the amino acid sequence of SEQ 1D NO: 1L, SEQ ID NO.: 12, SEQ
T NO. 13, SEQ ID NG 14, SEQ 1T NG 15, and SEQ 1D NO.: 16; or lebrikizumab.

a3, The use according to claim 80, wherein the TH2 pathway inhibitor is an anti-

Igk antibody.

a4, The use according to claim 83, wherein the anti-IgE antibody s (3) the
XOLAIR® antibody, (i) anti-M1’ antibody comprising a variable heavy chain and a variable
light chain, wherein the variable heavy chain is SEQ 1D NO: 1 and the variable light chain is
SEQ ID N2 or (1) an anti- M1 antibody comprising a variable heavy chain and a variable

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

138
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HVR-H3, and the variable light chain forther comprises and HVR-LI, HVR, L2 and HVR-L3
and: {a) the HVR-H1 has the seqguence of SEQ 1D NO: 3 {GFTFSDYGIAL (b the HVR-H?
has the sequence of SEQ D NO: 4 JAFISDLAYTIVYADTVTG]; () the HVR-H3 has the
sequence of SEQ ID NO: 5 [ARDNWDAMDYY; (d) the HVR-L1T has the sequence of SEQ
D NG: 6 [RSSOSLVHNNANTYLH]I; (¢) the HVR-LZ has the sequence of SEQ ID RO 7
[KVSNRFS]; (f) the HVR-L3 has the sequence of SEQ ID NO: 8 [SONTLVPEWT].

as. The use according to any one of clairos 57 to 84, wherein the patient 1s 8-17
years old, 2-17 years old, 2-6 years oid, 6-11 years old, 8-17 years old, 12-17 years oid, 2

vears old or older, 6 years old or older, or 12 years old or older.

a6. The use according to claim 85, wherein the patient 1s 18 years or older.

R7. The use according to any one of claims 57 to 86, wherein the patient is a
human,

a8, The use according to any one of claims 57 t0 87, wherein the biclogical

sample 1s selected from blood, serum, plasma, and peripheral blood mononuciear cells

(PBMCs)

89.  The use according to claim 38, wherein the biological sample 1s PBMCs.

80. A kit for stratifying an asthma patient or a respiratory disorder patient wherein
the kit comprises:

a) reagents for measuring the RNA level of at least one, at least two, or at least three
markers sclected from CSF1, MEISZ, LGALS1Z, IDO1, THBS4, OLIGZ, ALOX1S,
SIGLECR, CCL23, PYROXD?2, HSDABT, SORD, ASB2, CACNGs, GPR44, MGATS,
SLC4T7AL, SMPD3, COR3, CLC, CYP4F12, and ABTBZ in a sample obtained from the
patient; and

b} nstractions for (i) measaring the mRNA levels of the at least one, at least two, or
at least three markers, (1i) comparing the levels of the at least one, at least two, or at least
three markers to a reference level, and (i) stratifying said patient into the category of

responder or non-responder based on the comparison.
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a1, The kit according to clairn 99, wherein the kit comprises reagents for
measuring the mRNA levels of at least one, at least two, or at least three markers selected
from CSFI, MEISZ, CCL23, HSD3R7, SORD, CACNGS, MGAT3, SLC47A L, and ARTR2

in a sample obtained from the patient.

82, 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 MEISZ, LGALSIZ, IDOT, ALOX1S, SIGLECS, CCL23, PYROXDZ, HRD3R7,

CACNGS, and GPR44 in a sample obtained from the patient,

93, The kit according to claim 94, wherein the kit comprises reagents for
measuring the mRNA levels of at least one, at loast two, or af least three markers selected

from CCL2Z3, 1DOT, HSDA3RT, and CACNGS in a sample obtained from the patient.

94, The kit according to claimn 99, wherein the kit comprises reagents for
measuring the mRNA levels of at least one, at least two, or three markers selected from

CCL23, D01, and CACNGS in 2 samiple obtained frora the patient,

83, The kit according to clatrn 90, wherein the kit comprises reagents for
measuring the mRNA levels of at least one, at least two, or three markers selected from

HSE3R7, SIGLECS, and GPR44 in a sample obtained from the pationt.

96. The kit according to claim 94, wherein the kit comprises reagents for
measuring the mRNA levels of at least one, at feast two, at least three, or four markers
selected from SIGLECS, CCL23, CACNGH, and GPR44in a sample obtained from the

patient,

87. The kit according to any one of claims 90 to 96, wherein the kit comprises 8

package insert for determining whether the paticnt is EIP or EIN,

88, The kit according to any one of claims 90 to 97, wherein the kit comprises a
ackage msert for determning whether the patient is hikely to respond io a TH2 pathway
s # ¥ ¥

inhibitor.

o
o
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9%, 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 claimas §1

to 77,

100, The kit according to any one of claims 90 to 99, further comprising an crpty

container to hold a biclogical sample.

101, A method of identifying an asthyoa patient or a respiratory disorder patient as
hikely to suffer from severe exacerbations, the method comprising:
obtaining a biclogical 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, MEISZ, LGALS1Z, IDOT, THBS4, OLIG2, ALOX1S,
SIGLECE, CCL23, PYROXD?2, HSD3B7, SORD, ASB2, CACNGS, GPR44,
MGATS, SLC47AL, SMPD3, CCR3, CLC, CYP4F1Z, and ABTB2,
comparing the mRNA fevel detected 1o the sample to a reference level,
and
predicting that the patient is likely to suffer from severe exacerbations when the mRNA fovel

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
tikely to suffer from severe exacerbations, the method comprising:

{a) measuring the mRMNA level of at least one, at least two, or at least three
markers selected from CSF1, MEISZ, LGALSIZ, IDOT, THRS4, GLIGZ,
ALOX1S, SIGLECR, CCL23, PYROXD2, HSD3RT, SORD, ASBZ,
CACNGS, GPR44, MGAT3, SLC4ATAL, SMPD3, CCR3, CLC, CYP4Fi2,
and ABTB2 in g biological sample from the patient;

{b) comparing the mRNA level measured in (a) to a reference level, and

{cy identifying the patient as more likely to suffer from severe exacerbations when
the mRNA level measured in (a) 18 above the reference level.

133, The method according to claim 101 or claim 12, wherein measuring the

mRNA levels comprises amplification.

14, The method according to claim 103, wherein measuring the mRNA fovels

comprises quantitative PCR.
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105. The method according to any one of claims 101 to 104, whercin measuring the
mRMNA levels comprises amplifying the mRNA and detecting the amplified product, thereby

measuring the level of the mRNA.

106, The method according to any one of claims 101 to 135, wherein the reference

tevel is the median level of the respective marker 1n a reference population.

107. The method according to any one of ¢laims 101 to 106, wherein the at least
one, at feast two, or at Jeast three markers are selected from CSF1, MEIS2, CCL23, HSDI3R7Y,

SORD, CACNGS, MGAT3, SLC47AL, and ABTBZ.

108, The method according to any one of claims 101 to 136, wherein the at least
one, at ieast two, or at least three markers are selected from MEISZ, LGALS12, IDOL,

ALOX1S, SIGLECSE, CCL23, PYROXDZ, HSD3R7, CACNGS, 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, IDOT, HSD3R7, and

CACNGS,

118, The method according to any one of claims 101 to 106, wherein the at least

one, at leasi two, or three markers are selected from CCL23, IDGT, and CACNGS.

111, The method according to any one of claims 101 to 106, wherein the at least

one, at ieast two, or three markers are selected from HSD3B7, SIGLECY, and GPR44.

112, The method according to any one of claims 101 to 106, wherein the at least
one, at least two, at least three, or four markers are selected from SIGLECE, CCL23,

CACNGS, and GPR44.
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