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half-life, increase resistance to proteases, and/or reduce ability to inter-
act with F; gamma receptors. These molecules are useful for treatment
of allergic and non-allergic inflammation associated with TSLP-related
disorders and diseases.
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AGENTS THAYT INTERFERE WITH THYMIC STROMAL LYMPHOPOIETIN
{(TSLP-RECEPTOR SIGNALING

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Application No.

62/873,051, filed on July 11, 2019, which s herein incorporated by reference n its entirety.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY
The contents of the text file submitted electronically herewith are incorporated by
reference in their entirety: A computer readable format copy of the Sequence Listing {filename:

TABI 002 01WO Seqlust ST2S5; date recorded July 3, 2020; file size 49 kilobytes).

BACKGROUND OF THE DISCLOSURE

Thymic stromal lymphopotetin, TSLP, 15 an interleukin 7 -like cytokine that plays a
critical role in the regulation of immune responses and in the differentiation of hematopoietic
cells,. TSLP s widely expressed in epithehal cells of the lung, skin and gut, Hassall’s corpuscles
in the thymic medulla, mucosa-associated lymphotd tissues and tonsils (Liu, Soumels et al.
2007, Rochman and Leonard 2008, Sokol, Barton et al. 2008}, High TSLP expression levels are
found in the heart, hiver, spleen and prostate compared to expression levels n lung, skeletal
muscle, kidney, spleen, ovary, small intestine and colon (Quentmeser, Drexler et al. 2001}

The epithelial cell-dertved cytokine 13 produced in response to environmental and
proinflammatory stimuli. It induces the release of T-cell attracting chemokines from monocytes
and enhances maturation of myeloid dendritic cells. Within the thymus, TSLP activates myeloid
and plasmacytoid dendritic cells, resulting 1n production of regulatory T cells. TSLP is
important in regulating type 2 (Th2, T2} immunity through s activity on dendritic cells, T and B
cells, and production of cytokines by antigen-specitic Th2 cells (Ziegler, Roan et al. 2013).

TSLP signals through a heterodimeric receptor complex composed of the thymic stromal
lymphopoigtin receptor {TSLPR) and the IL-7R alpha-chain (Verstraete, van Schie et al. 2014).
On binding its receptor complex, TSLP can activate multiple signal transduction pathways
{Zhong, Sharma et al. 2014}, Sumulation of IL7R/TSLPR complex by TSLP induces the

phosphorylation and activation of Janus kinases (JAKs). Activated JAKSs, in turn, regulate the



WO 2021/007533 PCT/US2020/041642

activity of multiple transcription (STAT) factors, which include STATL, STAT3, STATY,
STATSa, STATSb and STATS. Several other proteins such as AKTI, ERK1/2, JNKs, ribosomal
protein S6 kinase and 4E-BP1 are also activated by TSLP stimulation. In addition,
phosphoproteomic analyses reveal that TSLP can regulate phosphorylation of 226 proteins

mncluding kinases and protein phosphatases such as SHP-1 and SHP-2.

TSLP is known to be involved in the initiation of an inflammatory cascade and can
contribute to development of chronic disease including allergic asthma, atopic dermatitis,
allergic rhintis, ulcerative colitis, and many chronic fibroproliferative disorders {(Vannella,
Ramalingam et al. 2016). Studies have suggested also that TSLP 15 involved m immune disorders
mcluding infection (Piiponsky et al. 2016), cancer (De Monte et al. 2011), autoimmunity (Moret
et al. 2011}; as well as in innate and adaptive immune responses {Ziegler, Roan, 2013; Headley

et al. 2009).

TSLP 1s a master regulator of allergic inflammation, particularly type 2 inflammatory
pathways, and therefore has been a promising target for treatment of asthma. Asthmaisa
disorder characterized by inflammation of the bronchual tubes with increased production of
mucous inside the tubes. People with asthima experience syrmptoms such as coughing, wheezing,
shortness of breath, chest tightness, pain or pressure due to chronic airway hyper-responsiveness,
typically with eosinophil infiltration (Ohta, Nagase et al. 2017). Some patients with severe
asthma have frequent exacerbations associated with persistent eosinophilic mflammation despite
continuous treatment with high-dose mhaled glucocorticoids with or without oral
glucocorticords. A certain percentage of refractile asthma patients, those who do not respond to
conventional treatment, have severe symptoms due most likely to a non-eosinophil, non-Th2 cell
population. TSLP expression ts higher in the airways of patients with asthma than in those of
healthy controls, and its levels correlate with Th2 cytokine and chemokine expression and
disease severity (Gavvreau , ('Byrne et al. 2014). More recently, Tezepelumab {AMG 157}, a
human anti-TSLP 1gGr antibody that specifically binds human TSLP, 1s in clinical trials for
uncontrolled asthma (Comeau, DESMEDT et al. 2006} (Comeau, Smothers et al. 2012} (Corren,
Parnes et al. 2017},

Besides targeting TSLP, three mAbs directed toward {L-5 have been approved for
patients with severe asthma and an eosinophilic phenotype, Mepolizumab and Reslizumab,

which bind directly to IL-5, and Benralizumab which binds to the IL-5 receptor (Ortega, Liu et
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al. 2014) (Castro, Zangrilh et al. 2015} (Bleecker, FitzGerald et al. 2016). Dupilumab, an
antibody that binds to the -4 receptor alpha chain and prevents binding of both IL-4 and IL-13,
has been approved for patients with moderate-to-severe eosinophilic asthma {Castro, Corren et
al. 2018}, Notably, all these therapeutic antibodies appear to be more efficacious in patients with

mncreasing levels of T2 biomarkers relative to those with lower levels.

The prevalence of TSLP in other nonallergic diseases and several fibrotic conditions
should also be considered as a justification for targeted therapy {(Ying, Zhang 2015} In
systemic sclerosis, an autoimmune disease, TSLP is highly expressed in perivascular areas
and in immune cells of the skin. TSLP 15 upregulated in cutaneous epithelial cells, mast
cells, and fibroblasts of patients with systemic sclerosis (Usategui, Criado et al. 2013).

TSLP and its receptor are strongly expressed in lungs of patients with idiopathic pulmonary
fibrosis, a severe fibrotic lung disease (Datta, Alexander et al. 2013). In a fibrotic skin
disease, dermal fibroblasts produce high levels of TSLP in response to TGFp mn keloidal
tissues.

Further support for TSLP as a therapeutic target comes from the finding that TSLP
has a role in the mitiation and progression of a vartety of tumors. These include solid tumors
(such as breast, colon, and pancreatic) as well as hematological tumors (such as B cell acute
lymphocytic leukemia (B-ALL)) (Corren, Ziegler 2019). Tumors displaying Th2-type
responses generally have a worse prognosis than those tumors with predominantly Th-type
responses. Tumor cells secrete Ti-1a and T1-18 which are required for TSLP expression by
the cancer associated fibroblasts, suggesting that the tumor and tumor microenvironment are
important in induction of TSLP. Studies with human cervical carcinoma cells, gastric and
ovarian cancers also provide evidence that there 18 TSLP mediated cross-talk between
hematopoietic cells that infiltrate the tumor and stroma, and the tumor self

While TSLP has an important role in cancer, its function as a pro or anti-tumor factor
is dependent on the type of tumor. TSLP in metastatic breast cancer 1s an area of intense
study, but there have been contradictory findings in mouse models and human breast-tumor
cell ines. Similarly, the role of TSLP in skin tumors is dichotomous. The role of TSLP in
B-ALL 1s complicated by the presence of genetic lesions with mutations in genes encoding
components of the TSLP signaling pathway which occur in 50-60% of patients with poor

prognosis {Corren, Ziegler 2019).
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These observations suggest an important role for TSLP in human disease, and disruption
of TSLP and TSLP receptor signalling pathways may have clinical benefit for diseases that lack
effective treatment. For asthma, as an example, mortality due to asthma related symptoms 13
around 250,000 per year globally, and the number 15 predicted to grow by more than 100 million
by 2025 (Pawankar 2014). People with allergic asthma often have other conditions like diabetes,
obesity, cardiovascular disease, gastro-oesophageal disease leading to more complicated and
worse outcomes. About 70% of asthmatics also have allergies. Allergic diseases include
anaphylaxis, food allergies, certain forms of asthma, rhinitis, conjunctivitis, angioedema,
urticaria, atopic dermatitis, eczema, eosinophtilic disorders, including eosinophilic esophagitis
and drug and nsect allergies {(Pawankar 2014} (Kay 2001).

Owing to the high health care costs, morbidity, impact on quality of life, absenteeism,
poorer work performance, increasing patient population with allergic and non-allergic diseases,
there 1s undoubtedly a significant need to reduce ThZ cviokine related inflammation.  Agents
such as neutralizing antibody molecules that interfere with TSLP receptor binding and signalling,
and have the desired efficacy and pharmacokinetic profiles, 1s an unimet need for inubiting {(both

T2 high and T2 low) symptoms associated with chronic inflamumatory conditions.

SUMMARY OF THE DISCLOSURE

The disclosure provides for monoclonal antibodies and antigen-binding fragments
thereof that specifically bind and neutralize, inhibit, block, abrogate, reduce, or interfere
with, at least one activity of thymic stromal Iymphopotetin, TSLP. The activity of TSLP that
can be neutralized, inhibited, blocked, abrogated, reduced or interfered, by the antibodies or
fragments thereof as disclosed herein, includes, but s not limited by, neutralization of TSLP
activation of its receptor complex, and the like. In embodiments, the antibodies are
monoclonal antibodies, e.g., mouse monoclonal antibodies or humanized antibodies. In
embodiments, the antibodies are antigen-binding antibody fragments.

The disclosure provides for a mouse monoclonal antibody to human TSLP,
designated as TAV(202, comprising a heavy chain variable region sequence with amino
acid sequence of SEQ ID NO. 1, and a hight chain variable region sequence with amino acid

sequence of SEQ 1D NO. 2.
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The disclosure provides for the heavy chain variable region of TAV(202 comprising
three Complementarity Determining Regions (CDRs), designated as HCDR1, HCDR2 and
HCDR3, with amino acid sequence set forth as SEQ ID NO. 3, SEQ ID NO. 4 and SEQ D
NQO. §, respectively.

The disclosure provides for the light chain variable region of TAV(202 comprising
three CDRs, designated as LCDR 1, LCDR2 and LCDR3, with amino acid sequence set
forth as SEQ 1D NO. 6, SEQ ID NO. 7 and SEQ ID NO. &, respectively.

The disclosure provides for one humanized heavy chain variable region of
TAYVO202, designated as 202HZ, with amino acid sequence set forth as SEQ [D NQO. 9.

The disclosure provides for two humanized light chain variable region of TAV(O202,
designated as 20213 and 20214, with amino acid sequences set forth as SEQ (D NO. 10 and
SEQ ID NO. 11, respectively.

In embodiments, the disclosure provides a humanized antibody or antigen-binding
fragment thereof that comprises HCDR1, HCDR2, HCDR3, LCDR1, LCDR2, and LCDR3
according to SEQ ID NO. 3, SEQ ID NO. 4 SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7
and SEQ ID NO. 8, respectively. In an embodiment, the humanized antibody comprises a
heavy chain variable region having at least 80%, at least 85%, at least 90%, at least 95%, or
at least 99% sequence wdentity to SEQ ID NG: 9. In an embodiment, the humanized
antibody comprises a light chain variable region having at least 80%, at least 85%, at least
0%, at least 95%, or at least 99% sequence identity to SEQ D NO: 10 or SEQ ID NO: 11,

As a non-himiting example, the disclosure provides for a first humanized antibody for
TAVO202 comprising humanized heavy chain variable region 202H2 and humanized hight
chain vanable region 20213 with human {gG2 Fe¢, designated as TAVO6264, comprising
heavy chain sequence set forth as SEQ 1D NO. 12 and hight chain sequence set forth as SEQ
IDNG. 13,

The disclosure provides for a second humamzed antibody for TAVO202 comprising
humanized heavy chain variable region 202H2 and humanized light chain variable region
20214 with human [gG2 Fe, designated as TAVO62635, comprising heavy chain sequence
set forth as SEQ ID NO. 12 and light chain sequence set forth as SEQ ID NO. 14,

The disclosure provides for a third humanized antibody for TAVO202 comprising
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humanized heavy chain variable region 202H2 and humanized light chain vanable region

202013 with human fgG1 Fe with L234F, L235E, D265A, F4051L mutations, designated as
TAVQ7264, comprising heavy chain sequence set forth as SEQ 1D NO. 15 and light chain
sequence set forth as SEQ D NO. 13,

The disclosure provides for a fourth humanized antibody for TAV202 comprising
humanized heavy chain variable region 202H2 and humanized light chain variable region
20214 with human IgG1 Fc with L234F, L235E, D265A, F4050 mutations, designated as
TAV(O7265, comprising heavy chain sequence set forth as SEQ 1D NO. 15 and light chain
sequence set forth as SEQ D NO. 14,

The disclosure provides for a fifth humanized antibody for TAVOZ02 comprising
humanized heavy chain variable region 202H2 and humanized light chain variable region
20213 with human IgG1l Fc with L234A, 1.235A, M428L, N4348S mutations, designated as
TAV(O9764, comprising heavy chain sequence set forth as SEQ 1D NO. 16 and light chain
sequence set forth as SEQ ID NO. 13,

The disclosure provides for a sixth humanized antibody for TAVO202 comprising
humanized heavy chain variable region 202H2 and humanized light chain variable region
20214 with human IgGl Fe with L234A, 1.235A, M4281., N4348S mutations, designated as
TAVO9765, comprising heavy chain sequence set forth as SEQ 1D NO. 16 and light chain
sequence set forth as SEQ ID NO. 14,

The anti-TSLP monocional antibodies can be full length IgG, TeGe, 1gGs, 1gGs
antibodies or may comprise only an antigen-binding portion ncluding a Fa, Flav )2, or scFv
fragment that specifically binds g, human) TSLP, neutralizes, inhibits, blocks, abrogates,
reduces, or interferes with at least one activity of TSLP. The antibody backbones may be
modified to affect functionality, e.g. to eliminate residual effector functions.

The disclosure also provides for anti-TSLP monoclonal antibodies with an extended half-
Iife when compared to the wild-type antibody. The extension of half-life can be realized by
engineering the Cuz and Cus domains of the antibody with any one set of mutations selected
from M252Y/S254T/TZS6E, M428L/N4348, T2500Q/M428L, N434A and T307A/E380A/N434A
when compared to a parental wild-type antibody, residue numbering according to the EU Index.

The disclosure also provides for anti-TSLP monocional antibodies with enhanced
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resistant to proteolytic degradation by a protease that cleaves the wild-type antibody between or
at residues 222-237 (EU numbering). The resistance o proteolytic degradation can be realized
by engineering E233P/L.234V/L.235A mutations in the hinge region with (3236 deleted when
compared to a parental wild-type antibody, residue numbering according to the EU Index.

The disclosure also provides for vectors comprising the polymucleotides of the disclosure.

The disclosure also provides for a method of producing the anti-TSLP monoclonal
antibodies of the disclosure, comprising culturing the host cell of the disclosure under conditions
that the antibody 1s expressed, and purifying the antibody.

The disclosure also provides for a pharmaceutical composition comprising the anti-TSLP
antibodies or antigen-binding fragments thereof of the disclosure and a pharmaceutically
acceptable carrier.

The disclosure also provides for methods of detecting the binding of the anti-TSLP
antibodies.

The disclosure also provides for methods of blocking the binding of TSLP to its receptor
TLPR, the method comprises contacting the TSLPR with any one of the anti-TSLP antibodies or
antigen binding fragments thereof provided herein.

The disclosure also provides for a method of treating asthma comprising administering to

a subject in need a therapeutically effective amount of the provided antibodies to TSLP.

The disclosure also provides for a method of treating COPD and idiopathic pulmonary
fibrosis, comprising administering to a subject in need a therapeutically effective amount of the
provided antibodies to TSLP.

The disclosure also provides for a method of treating symptoms of atopic dermatitis,
comprising administering to a subject in need a therapeutically effective amount of the provided
antibodies to TSLP.

The disclosure also provides for a method of treating symptoms of eczema, comprising
administering to a subject in need a therapeutically effective armount of the provided antibodies
to TSLP.

The disclosure also provides for a method of treating symptoms of other allergic states
such as eosinophilic esophagitis, comprising administering to a subject in need a therapeutically

effective amount of the provided antibodies to TSLP.

~d
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The disclosure also provides for a method of treating symptoms of mflammatory bowel
diseases, comprising administering to a subject in need a therapeutically effective amount of the
provided antibodies to TSLP.

The disclosure also provides for a method of treating fibrotic conditions such as systemic
sclerosis, systemic idiopathic pulmonary fibrosis, and keloidal disease, comprising
administering to a subject in need a therapeutically effective amount of the provided antibodies
to TSLP.

The disclosure also provides for a method of treating cancers, 1.e, breast, pancreatic,
colorectal, lymphoblastic leukemia, head and neck cancer, comprising administering to a subject

m need therapeutically effective amounts of the provided antibodies to TSLP.

BRIFF BESCRIPTION GF THE DRAWINGS

FI(3. 1. Binding to (A} human and (B) mouse TSLP by mouse monoclonal anti-human
TSLP antibody TAV(202.

FI1G. 2: (A). The response of cell proliferation upon stimulation by human TSLP in BAF
cells transfected with human TSLP receptor complex. (B). Dose-dependent neutralizing human
TSLP-driven cell proliferation by TAVQ202.

FIG. 3: (A). Dose-dependent STATS reporter gene expression upon stimulation by
human TSLP in a luciferase reporter assay. {B). Dose-dependent neutralization of reporter gene
expression by TAVQ202 in human TSLP-driven reporter gene expression assay.

F1G. 4: Sequence alignments of heavy chain and hight chain vanable regions of
TAVO202 with humanized Va and Vi variants. Humanized antibodies can be formed by pairing
the humanized Vi variant (202H2) and two humanized Vi variands (20213 and 202L.4) with
different IgG Fe.

FIG. 5: SDS-PAGE analysis of example humanized anti-TSLP IgG antibodies under {A)
non-reduced and (B) reduced conditions. {C). Size Exclusion Chromatography (SEC) analysis of

example anti-TSLP [gG antibodies.

FIG. 6: Binding to {A) human and (B) cynomolgus TSLP by example humanized anti-

TSLP IgG antibodies.
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FI(G. 7. Neutralizing human TSLP driven reporter gene activation by example humanized
anti-TSLP Ie(5 antibodies in STATS reporter gene expression assay.

F1G. & Neutralizing human TSLP driven CCL17 release from dendritic cells tsolated
from two donors by humanized anti-TSLP 1g( antibodies.

FI1(3. 9. Binding to mouse FcRn at pH 6.0 by humanized anti-TSLP IgG antibody
TAVO9765 with half-life extension Fe mutations and TAV(7263 lacking such mutations.

F1G. 10: PK profile of anti-TSLP antibody in a cynomolgus monkey. Anti-TSLP
antibody with Fc mutations for half-life extension (TAVQ9765) was administered as a 4 mg/kg
mtravenous dose into a cynomolgus monkey. The plasma concentration is displayed at time

points up to day 35 post-dose.

DETAILED DESCRIPTION OF THE DISCLOSURE
Definifions

The terminology used herein is for describing embodiments only and 1s not intended to be
limiting. Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the disclosure
pertains. In describing and claiming the present disclosure, the following terminology will be

f=

used.
As used in this specification and the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the content clearly dictates otherwise. Thus, for example,

reference to “a cell” includes a combination of two or more cells, and the like.

“Antibodies” is meant in a broad sense and includes immunoglobulin molecules
mcluding monocional antibodies including murine, human, humanized and chimeric monoclonal
antibodies, antibody fragments, bispecific or multi-specific antibodies, dimeric, tetrameric or
multimernic antibodies, single chain antibodies, domain antibodies and any other modified
configuration of the immunoglobulin molecule that comprises an antigen binding site of the
required specificity. “Full length antibody molecules” are comprised of two heavy chains (HC)
and two hight chains inter-connected by disulfide bonds as well as multimers thereof (e.g. IgM).

Each heavy chain is comprised of a heavy chain variable region (Vi) and a heavy chain constant
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region {comprised of domains Cr, hinge, Cuz and Cus). Each hight cham s comprised of a light
chatn variable region {Vi.} and a light chain constant region {(Cr). The Vu and the V1 regions
may be further subdivided into regions of hyper variability, termed complementarity determining
regions (CDR), interspersed with framework regions (FR). Each Vaand Vi is composed of
three CDRs and four FR segments, arranged from amino-to-carboxyl-terminus in the following
order: FR1, CDR1, FR2, CDR2Z, FR3, CDR3 and FR4.

“Complementarity determining regions (CDR)” are “antigen binding sites” in an
antibody. CDRs may be defined using various terms: (1) Complementarity Determining Regions
{CDRs), three in the Ve (HCDR1, HCDR2, HCDR3) and three 1n the Vi (LCDRI, LCDRZ,
LCDR3) are based on sequence variability (Wu and Kabat 1970} (Kabat, National Institutes of er
al 1991); (11) “Hypervariable regions,” “HVR,” or “HV,” three in the Va (H1, H2, H3) and three
m the VL (L1, L2, 1.3} refer to the regions of an antibody variable domains which are
hypervariable in structure as defined by Chothia and Lesk (Chotlua and Lesk 1987) (The
International ImMunoGeneTics (IMGT) database (htip://www _imgt org) provides a
standardized numbering and definition of antigen-binding sites. The correspondence between
CDRs, HVs and IMGT delineations 1s described in Lefranc ef af. (Lefranc, Pomumie ef af. 2003},
The term “CDR,” “HCDRIL,” “HCDR2,” “HCDR3,” “LCDR1,” “LCDR2” and “LCDR3” as
used herein mcludes CDRs defined by any of the methods described supra, Kabat, Chothia or
IMGT, unless otherwise explicitly stated in the specification.

Immunoglobulins may be assigned to five major classes, IgA, IgD, IgE, TG and IgM,
depending on the heavy chamn constant region amino acid sequence. IgA and IgG are further
sub-classified as the sotypes IgAy, IgAz, IgGr, IgGe, TgGs and IgGe. Antibody light chamns of
any vertebrate species may assign to one of two clearly distinet types, namely kappa () and
lambda (4}, based on the amino acid sequences of their constant regions.

“Antibody fragments” refers to a portion of an mmmunoglobulin molecule that retains the
heavy chain and/or the light chain antigen binding site, such as heavy chain complementarity
determining regions (HCDR) 1, 2 and 3, light chain complementarity determining regions
{LCDR} 1, 2 and 3, a heavy chain variable region {Vu), or a light chain variable region (Vi)
Antibody fragments include well known Fay, F{aw )2, Fa and Fy fragments as well as domain
antibodies (dAb) consisting of one Va domain. Vu and Vi domains may be linked together via a

synthetic hinker to form various types of single chain antibody designs where the Vi/VL domains

10
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may pair intramolecularly, or intermolecularly in those cases when the Vu and Vi domains are
expressed by separate single chain antibody constructs, to form a monovalent antigen binding

stte, such as single chain Fv {scFv) or diabody; described for example n Int. Patent Publ Nos.
W(G1998/44001, WO1988/01649, W(31994/13804 and W(1992/01047.

“Monoclonal antibody” refers to an antibody population with single amino acid
composition in each heavy and each light chain, except for possible well-known alterations such
as removal of C-terminal lysine from the antibody heavy chain. Monoclonal antibodies typically
bind one antigenic epitope, except that bispecific monoclonal antibodies bind two distinet
antigenic epitopes. Monoclonal antibodies may have heterogeneous glycosylation within the
antibody population. Monoclonal antibody may be monospecific or multi-specific, or
monovalent, bivalent or multivalent. A bispecific antibody 15 included in the term monoclonal

antibody.

“Isolated antibody” refers to an antibody or antibody fragment that is substantially free of
other antibodies having different antigenic specificities {(e.g., an isolated antibody specifically
binding for example TSLP is substantially free of antibodies that specifically bind antigens other
than TSLP).

“Isolated antibody” encompasses antibodies that are 1solated to a higher purity, such as
antibodies that are 80%, §1%, 82%, 83%, 84%, 85%, 86%., 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% pure.

“Humanized antibody” refers to an antibody in which the antigen binding sites are
derived from non-human species and the vaniable region frameworks are derived from human
mmunoglobulin sequences. Humanized antibody may include substitutions in the framework so
that the framework may not be an exact copy of expressed human immunoglobulin or human
mmunoglobulin germLine gene sequences.

“Human antibody” refers to an antibody having heavy and light chain variable regions in
which both the framework and the antigen binding site are derived from sequences of human
origin and 13 optimized to have minimal immune response when administered to a human
subject. If the antibody contains a constant region or a portion of the constant region, the
constant region also is derived from sequences of human origin.

The numbering of amine acid residues in the antibody constant region throughout the

11
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specification s according to the E1I index as described 1n Kabat e7 af | unless otherwise
explicitly stated (Kabat, National Institutes of er a/. 1991).

Conventional one and three-letter amino acid codes are used herein as shown in Table 1.

Table 1.

Aming acid Fhree-letter One-letter code

code
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartate Asp D
Cysteine Cys C
Glutamate Gln E
Glutamine Glu 8]
Glycine Gly G
Histidine His H
Isolencine lie 1
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenvlalanine | Phe F
Proline Pro P
Serine Ser 5
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Valine Val \Y

A “variant” of a polypeptide (e.g., an antigen binding protein, or an antibody} comprises
an amino acid sequence wheremn one or more amino acid restdues are inserted into, deleted from

and/or substituted into the ammo acid sequence relative to another polypeptide sequence.
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Variants include antibodies and fragments thereof that have a recited percent identity o an
antibody or fragment provided herein or to an antibody or fragment having a recited DNA or

amino acid sequence.

The term “identity” refers to a refationship between the sequences of two or more
polypeptide molecules or two or more nucleic acid molecules, as determined by aligning and

2y

comparing the sequences. “Percent identity,” “percent homology,” “sequence identity,” or
“sequence homology” and the like mean the percent of identical residues between the amino
acids or nucleotides in the compared molecules and 1s calculated based on the size of the smallest
of the molecules being compared. For these calculations, gaps in alignments (if any) are
preferably addressed by a particular mathematical model or computer program (i.e., an
“algorithm”). Methods that can be used to calculate the 1dentity of the aligned nucleic acids or
polypeptides include those described in Computational Molecular Biology, (Lesk, A. M., ed ),
1988, New York: Oxford University Press; Biocomputing Informatics and Genome Projects,
(Smith, D. W, ed.), 1993, New York: Academic Press; Computer Analysis of Sequence Data,
Part I, (Griffin, A, M., and Gniffin, H. G, eds.), 1994, New Jersey: Humana Press; von Heirye,
G, 1987, Sequence Analysis in Molecular Biology, New York: Academic Press; Sequence
Analysis Primer, (Gribskov, M. and Devereux, ], eds.), 1991, New York: M. Stockton Press;
and Carillo et al., 1988, SIAM J. Applied Math. 48:1073. In calculating percent identity, the
sequences being compared are typically aligned i a way that gives the largest match between
the sequences.

The constant region sequences of the mammalbian Ig(G heavy chain are designated in
sequence as Cmi-hinge-Cra-Crs. The “hinge,” “hinge region” or “hinge domam™ of an IgG s
generally defined as inchuding Glu216 and terminating at Pro230 of human IgGr according to the
EU Index but functionally, the flexible portion of the chain may be considered to include
additional residues termed the upper and lower hinge regions, such as from Glu216 to Gly237
and the lower hinge has been referred to as residues 233 to 239 of the Fe region where FoyR
binding was generally attributed. Hinge regions of other Ig( isotypes may be aligned with the
1g(h sequence by placing the first and last cysteine residues forming inter-heavy chain 8-8
bonds. Although boundaries may vary shightly, as numbered according to the EU Index, the Cu:
domain 1s adjacent to the Vi domain and amino terminal to the hinge region of an

immunoglobulin heavy chain molecule and includes the first (most aming terminal) constant
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region of an immunoglobulin heavy chaim, e.g., from about EU positions 118-215. The Fe
domain extends from amino acid 231 to amino acid 447, the Caz domain 1s from about AlaZ31 to
Lys340 or Gly341 and the Cns from about Gly341 or GIn342 to Lys447. The residues of the [gGG
heavy chain constant region of the Ui region terminate at Lys. The Fo domain containing
molecule comprises at least the Cnz and the Cas domains of an antibody constant region, and
therefore comprises at least a region from about Ala231 to Lysd47 of 12(G heavy chain constant
region. The Fc domain containing molecule may optionally comprise at least portion of the
hinge region.

“Epitope” refers to a portion of an antigen to which an antibody specifically binds.
Epitopes typically consist of chemically active (such as polar, non-polar or hydrophobic) surface
eroupings of moieties such as amino acids or polysaccharide side chains and may have specific
three-dimensional structural characteristics, as well as specific charge characteristics. An
epttope may be composed of contiguous and/or discontinuous anmino acids that forma
conformational spatial unit. For a discontinuous epitope, anuno acids from differing portions of
the hinear sequence of the antigen come near in 3-dimensional space through the folding of the
protein molecule. Antibody “epitope” depends on the methodology used to wdentify the epitope.

A “leader sequence” as used herein includes any signal peptide that can be processed by a
mammalian cell, including the human B2M leader. Such sequences are well-known in the art.

The terms “peptide,” “polypeptide,” and “protein” are used interchangeably herein, and
refer to a polymeric form of amino acids of any length, which can mclude coded and non-coded
anuno acids, chemically or biochemically modified or derivatized amimo acids, and polypeptides
having modified peptide backbones. The terms also inchude polypeptides that have co-
translational {e.g., signal peptide cleavage) and post-transiational modifications of the
polypeptide, such as, for example, disulfide-bond formation, glycosylation, acetylation,
phosphorylation, proteolvtic cleavage, and the like. Furthermore, as used herein, a “polypeptide”
refers to a proten that includes modifications, such as deletions, additions, and substitutions
{generally conservative in nature as would be known to a person in the art) to the native
sequence, if the protein maintains the desired activity. These modifications can be deliberate, as
through site-directed mutagenesis, or can be accidental, such as through mutations of hosts that

produce the proteins, or errors due to PCR amplification or other recombinant DNA methods.

The term “recombinant,” as used herein to describe a nucleic acid molecule, means a
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polynuclestide of genomic, cDNA| viral, semisynthetic, and/or synthetic origin, which, by its
origin of manipulation, is not associated with all or a portion of the polynuclestide sequences
with which it 1s associated in nature. The term “recombinant,” as used with respect to a protein
or polypeptide, refers to a polypeptide produced by expression from a recombinant
polynucleotide. The term “recombinant,” as used with respect to a host cell or a virus, refers to a
host cell or virus into which a recombinant polynucleotide has been introduced. Recombinant is
also used herein to refer to, with reference to material {e.g., a cell, a nucleic acid, a protein, ora
vector) that the material has been modified by the introduction of a heterologous material {e.g., a
cell, a nucleic acid, a protein, or a vector).

3?2 ¢ 23 <¢

The terms “polynucleotide,” “oligonucleotide,” “nucleic acid” and “nucleic acid
molecule” are used interchangeably herein to include a polymeric form of nucleotides, either
ribonucleotides or deoxyribonucleotides. This term refers only to the primary structure of the
molecule.

“Vector” refers to a polynucleotide capable of being duplicated within a biological
system or that can be moved between such systems. Vector polynucleotides typically contain
elements, such as origins of replication, polyadenylation signal or selection markers, that
function to facilitate the duplication or maintenance of these polynucleotides 1n a biological
systern, such as a cell, virus, animal, plant, and reconstituted biological systems utilizing
biological components capable of duplicating a vector. The vector polynucleotide may be DNA
or RNA molecules, ¢cDNA, or a hybrid of these, single stranded or double stranded.

“Expression vector” refers to a vector that can be utilized in a biological system or ma
reconstituted biological system to direct the translation of a polypeptide encoded by a
polynucieotide sequence present in the expression vector.

“Valent” refers to the presence of a specified number of binding sites specific for an

% 6¢

antigen in a molecule. As such, the terms “monovalent,” “bivalent,” “tetravalent,” and
“hexavalent” refer to the presence of one, two, four and six binding sites, respectively, specific
for an antigen i a molecule.

As used herein, the term “heterologous” used about nucleic acid sequences, proteins or

polypeptides, means that these molecules are not naturally occurring in the cell from which the

heterologous nucleic acid sequence, protein or polypeptide was derived. For example, the
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nucleic acid sequence coding for a human polypeptide that is inserted into a cell that 1s not a
human cell 1s a heterologous nucleic acid sequence in that context. Whereas heterologous
nucleic acids may be derived from different organism or animal species, such nucleic acid need
not be derived from separate organism species to be heterologous. For example, in some
mnstances, a synthetic nucleic acid sequence or a polypeptide encoded therefrom may be
heterologous to a cell into which 1t 1s introduced 1n that the cell did not previously contamn the
synthetic nucleic acid. As such, a synthetic nucleic acid sequence or a polypeptide encoded
therefrom may be considered heterologous to a human cell, e.g, even if one or more components
of the synthetic nucleic acid sequence or a polypeptide encoded therefrom was originally derived
from a human cell.

A “host cell,)” as used herein, denotes an in vivo or in vitro eukaryotic cell or a cell from a
multicellular organism (e.g., a cell line} cultured as a unicellular entity, which eukaryotic cells
can be, or have been, used as recipients for a nucleic acid (e.g., an expression vector that
comprises a nucleotide sequence encoding a multimeric polypeptide of the present disclosure),
and include the progeny of the original cell which has been genetically modified by the nucleic
acid. Tt 1s understood that the progeny of a single cell may not necessarily be completely
identical in morphology or in genomic or total DNA complement as the original parent, due to
natural, accidental, or deliberate mutation.

A “recombinant host cell” (also referred to as a “genetically modified host celi”} 1s a host
cell mto which has been mtroduced a heterologous nucleic acid, e.g2., an expression vector. For
example, a genetically modified eukaryotic host cell 15 genetically modified by mtroduction into
a suitable eukaryotic host cell 3 heterologous nucleic acid, e.g., an exogenous nucleic acid that 1s
foreign to the eukaryotic host cell, or a recombinant nucleic acid that 15 not normally found in the
eukarvotic host cell.

“Spectfic binding” or “specifically binds” or “binds” refer to an antibody binding to a
specific antigen with greater atfinity than for other antigens. Typically, the antibody
“specifically binds™ when the equilibrium dissociation constant (Kp) for binding is about 110
M or less, for example about 13107 M or less, about 1x107% M or less, about Ix1071 M or less,
or about 110" M or less, typically with the Kp that is at least one hundred-fold less than its Kp
for binding 10 a non-specific antigen {e.g., BSA, casemn). The Ko may be measured using

standard procedures.
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As used herein, the terms “treatment,” “treating,” and the fike, refer to obtaining a desired
pharmacologic and/or physiologic effect. The effect may be prophylactic in terms of completely
or partially preventing a disease or symptom thereof and/or may be therapeutic in terms of a
partial or complete cure for a disease and/or adverse effect attributable to the disease.

“Treatment,” as used herein, covers any treatment of a disease in a mammal, e.g., ina
human, and includes: {a} preventing the disease from occurring in a subject which may be
predisposed to the disease but has not yet been diagnosed as having it; (b) imhibiting the disease,
i.e., arresting tts development; and (¢} relieving the disease, i.e., causing regression of the
disease.

The terms “individual,” “subject,” “host,” and “patient,” used interchangeably herein,
refer to a mammal, including, but not limited to, murine {e.g., rats, mice}, lagomorphs (e.g.,
rabbits), non-human primates, humans, canines, felines, ungulates {e.g., equine, bovine, ovine,
porcine, caprine}, efc.

A “therapeutically effective amount” or “efficacious amount” refers to the amount of an
agent, or combined amounts of two agents, that, when administered to a mammal or other subject
for treating a disease, is sufficient to affect such treatment for the disease. The “therapeutically
effective amount” will vary depending on the agent(s), the disease and its severity and the age,

weight, erc., of the subject to be treated.

Before the present disclosure is further described, it 1s to be understood that this
disclosure is not limited to embodiments described, as such may, of course, vary. It is also to be
understood that the terminology used herein is for describing embodiments only, and 15 not
intended to be limiting, since the scope of the present disclosure will be limited only by the

appended claims.

Compaosition of anti-TSLP antibody and antigen binding fragment

Herein is described monoclonal antibodies and antigen-binding fragments thereof that
specifically bind and neutralize, inhibit, block, abrogate, reduce, or interfere with, at least one
activity of TSLP, e g., a functional activity of TSLP to its receptor complex. The anti-TSLP
antibodies and antigen binding fragments can be therapeutically administered to a subject to treat
TSLP mediated diseases.
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The disclosure provides for a mouse monocional antibody, designated as TAVQ202,
which was identified from a mouse hybridoma screening, that specifically binds and neutralizes,
mhibits, blocks, abrogates, reduces, or interferes with, at least one activity of human thymic
stromal lymphopotetin (TSLP). TAV(O202 comprises a heavy chain vanable region sequence
with amino acid sequence of SEQ ID NO. 1, and a hight chain variable region sequence with
amino acid sequence of SEQ ID No. 2. The heavy chain variable region of TAVO202 comprises
three Complementarity Deternmining Regions, designated as HCDRY, HCDR2 and HCDR3, with
amino acid sequence set forth as SEQ D NO. 3, SEQ ID NO. 4 and SEQ 1D NO. 5, respectively.
The light chain variable region of TAVO202 comprises three Complementarity Determining
Regions, designated as LCDR1, LCDR2 and LCDR3, with amino acid sequence set forth as SEQ
ID NG. 6, SEQ D NO. 7 and SEQ ID NO. 8, respectively.

Heavy chain variable region sequence of anti-human TSLP mouse monoclonal antibody
TAVO202 (SEQID NG 1)

QVQLOQSGAELVRPGSSVKISCK ASGYTFSSYWVNWVKQRPGQGLEWIGQIYPGDGDT
DYNGKFKGKATLTADKSSSTAYMQLSSLTSEDSAVYFCARGTYYNNYYGIDYWGOGT
SVTVSS

The sequence of three CDRs of heavy chain are underhined.

Light chain vanable region sequence of Anti-human TSLP mouse monoclonal antibody

TAV0202 (SEQ ID NO: 2)

The sequence of three CDRs of light chain are underlined.

HCDRI1 sequence of Anti-human TSLP mouse monoclonal antibody TAVO202 (SEQ ID NO: 3)

GYTFSSYWVN

HCDRZ sequence of Anti-human TSLP mouse monoclonal antibody TAVO202 (SEQ ID NO: 4)
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QIYPGDGDTD

H{DR3 sequence of Anti-human TSLP mouse monoclonal antibody TAVO202 (SEQ ID NO: 5}
GIYYNNYYGTDY

LCPDRI sequence of Anti-human TSLP mouse monoclonal antibody TAVO202 (SEQ ID NG 6)
SVSSSISSSNLH

LCPDR2 sequence of Anti-human TSLP mouse monoclonal antibody TAVO202 (SEQ ID NG: 7)
GTSNLAS

LCDR3 sequence of Anti-human TSLP mouse monoclonal antibody TAVO202 (SEQ ID NG: 8)
QOWSSYPLT

The mouse anti- homan TSLP antibody TAYV(G202 can be humanized by grafting of
mouse CDRs onto human germbine scaffolds. A few key mouse residues are preserved by back
mutations to achieve higher stability and better expression while minimizing immunogenicity.
For TAVQO202, one humanized VH variant (Z0ZH2} 1s designed based on IGHV1-69*02 and two
humanized VL variants are designed with 20213 based on IGKV1-9%01 and 20214 based on
IGKV6-21%01 with a couple of back mutations in framework.

Based on the foregoing, the disclosure provides for one humanized heavy cham variable

region of TAYV(Q202, designated as 202H2, with amino acid sequence set forth as SEQ ID NG. 9.

Humanized heavy chain variable region 202H2 sequence (SEQ ID NGO 9}
QVOLYVOQSGAEVKEPGSSVKVSCKASGYTESSYWYVNWYVROAPGQGLEWIGQIYPGDGD
TDYAQKFOGRATLTADKSTSTAYMELSSLRSEDTAVYFCARGTYYNNYYGTDYWGOG
TTVTVSS

The sequences of three CDRs of humanized heavy chain are underlined.
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The disclosure provides for two humanized light chain variable region of TAYV(202,
designated as 20213 and 20214, with amino acid sequences set forth as SEQ 1D NO. 10 and
SEQ 1D NQO. 11, respectively.

Humanized light chain vaniable region 20213 sequence (SEQ 1D NO: 10)
DIQLTOSPSFLSASVGDRVTITCSVSSSISSSNLHWYQOKPGKAPKPWIYGTSNLASGVPS
RESGSGSGTEYTLTISSLOPEDAATYYCOOWSSYPLTFGOQGTKLEIK

The sequences of three CDRs of humanized light chain are underlined.

Humanized light chain variable region 20214 sequence (SEQ ID NG 11)
EIVLTQSPDFOSVTPRKEKVTITCSVSSSISSSNLHWYQQKPDOSPRKPWIYGTSNLASGVPS
RFSGSGSGTDYTLTINSLEAEDAATYYCQOWSSYPETFGQGTKLEIK

The sequences of three CDRs of humanized light chain are underlined.

As a non-hmiting example, by pairing the humanized 202H2 heavy chain variable region
and the two humanized light chain variable regions 20213 and 20214 with different IgG Fc, six
humanized antibodies for TAV(O202 can be generated (Figure 4, Table 2).

Table 2. Exemplary antibodies

Humanized mAb Vu Vi Fe

TAVO6264 202H2 20213 1eG2

TAV06265 202H2 20214 1gG2

TAV(G7264 202H2 20213 1eG1 (L234F, L235E, D265SA, F405L)
TAVQO7265 202H2 20214 1gG1 (L234F, L235E, D265A, F405L)
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TAV(G9764 202H2 20213 1eG1 (L234A, L235A, M428L, N4348)

TAVQO9765 202H2 20214 1gG1 (L234A, L235A, M428L, N4345)

The disclosure provides for a first humanized antibody for TAVO202 comprising
humanized heavy chain variable region 202H2 and humanized light chain variable region
20213 with human IgG2 Fe, designated as TAV(O6264, comprising heavy chain sequence
set torth as SEQ D NO. 12 and light chain sequence set forth as SEQ 1D NO. 13

The disclosure provides for a second humanized antibody for TAVO202 comprising
humanized heavy chain variable region 202H2 and humanized light chain varable region
20214 with human [gG2 Fe, designated as TAVO62635, comprising heavy chain sequence
set forth as SEQ ID NO. 12 and light chain sequence set forth as SEQ ID NO. 14,

The disclosure provides for a third humanized antibody for TAVO202 comprising
humanized heavy chain vanable region 202H2 and humanized light chain variable region
20213 with human TgG1 Fe with L234F, L235E, D265A, F405L mutations, designated as
TAVQ7264, comprising heavy chain sequence set forth as SEQ 1D NO. 15 and light chain
sequence set forth as SEQ ID NO. 13,

The disclosure provides for a fourth humanized antibody for TAVO202 comprising
humanized heavy chain vaniable region 202H2 and humanized light chain variable region
20204 with human [gG1 Fo with L234F, L235E, D265A, F40510 mutations, designated as
TAVQO7265, comprising heavy chain sequence set forth as SEQ ID NO. 15 and light chain
sequence set forth as SEQ D NO. 14,

The disclosure provides for a fifth humanized antibody for TAVO2Z02 comprising
humanized heavy chain variable region 202H2 and humanized light chain vanable region
202013 with human fgG1 Fec with L234A, 1L235A, M428L, N434S mutations, designated as
TAVO9764, comprising heavy chain sequence set forth as SEQ ID NO. 16 and light chain
sequence set forth as SEQ D NO. 13,

The disclosure provides for a sixth humanized antibody for TAVO202 comprising
humanized heavy chain variable region 202H2 and humanized light chain variable region

20214 with human IgG1 Fc with L234A, 1.235A, M428L, N434S mutations, designated as
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TAV0O9765, comprising heavy chain sequence set forth as SEQ 1D NO. 16 and light chain
sequence set forth as SEQ D NO. 14,

Anti-TSLP humamzed antibody Heavy Chain based on 202H2 with 1gG2 Fc (SEQ D NO: 12)
OVOLVOSGAEVKKPGSSVKVSCKASGYTFSSYWVNWVYROAPGOGLEWIGOIYPGDGD
TDYAQKFOOGRATLTADKSTSTAYMELSSLRSEDTAVYFCARGTYYNNYYGTDYWGOG
TTVTIVSSASTKGPSVFPLAPCSRESTSESTAALGCLVKDYFPEPVTVESWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTIVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPP
VAGPSVFLFPPKPKDTLMISRTPEVTCVYVVDVSHEDPEVOQFNWYVDGVEVHNAKTKPR
EEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGOPREPQVYTL
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYRKTTPPMLDSDGSFFLYSKL
TVDKSRWQOGNVEFSCSVMHEALHNHYTQKSLSLSPGK

The sequence of variable domain of heavy chain s underlined.

Anti-TSLP humanized antibody Light Chain based on 20213 {(SEQ 1D NO: 13)
DICLTOSPSFLSASYGDRVTITCSVSSSISSSNLHWYOQOKPGKAPKPWIYGTSNLASGVPS
RESGSGSGIEYTLTISSLOPEDAATYYCOOQWSSYPLTFGOOGTKE FIKRTVAAPSVEIFPPS
DEQLKSGTASVVULINNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTL
TLSKADYEKHEVYACEVTHQGLSSPVTKSFNRGEC

The sequence of variable domain of light chain 1s underhined.

Anti-TSLP humanized antibody Light Chain based on 20214 (SEQ ID NO: 14)

EIVLTOSPDIOSYVIPRKEKVIITCSVSSSISSSNLHWYQOKPDOSPEKPWIYGTINLASGYES

RESGSGSGTIDYTLTINSLEAEDAATYYCOOWSSYPLIFGOGTRLEIKRTYVAAPSVEIFPPS
DEQLKSGTASVVCLLNNFYPREAKVOWERKVDNALQSGNSQESVTEQDSKDSTYSLSSTL

TLSKADYEKHKVYACEVTHOGLSSPYVTEKSFNRGEC

The sequence of variable domain of light chain 15 underlined.
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Anti-TSLP humanized antibody Heavy Chain based on 202H2 with Ig(G1 Fe with L234F,
L235E, D265A, F405L mutations (SEQ ID NO: 15)
OVOLVOSGAEVKKPGSSVKVSCKASGYTFSSYWVNWVYROAPGOGLEWIGOIYPGDGD
TDYAQKFOOGRATLTADKSTSTAYMELSSLRSEDTAVYFCARGTYYNNYYGTDYWGOG
TTVTIVSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPYVTVSWNSGALTSGVHTF
PAVLQSSGLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCP
APEFEGGPSVFLFPPKPKDTLMISRTPEVTCYVVAVSHEDPEVKFNWYVDGVEVHNAKT
KPREEGYNSTYRVVSVLTVLHGDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQ
VYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFLL
YSKLTVDESRWQOQGNVFSCSVMHEALHNHYTOKSLSLSPGK

The sequence of variable domain of heavy chain is underlined. The L234F, L235E, D265A,

F405L mmutations are bolded.

Anti-TSLP humanized antibody Heavy Chain based on 202H2 with [gGl Fec with L2344,
L235A, M428L, N434S mutations (SEQ D NO: 16)
OVOLYVOSGAEVKEPGSSVEYVSCRKASGY TESSYWVNWYROAPGOGL EWIGOIYPGDGD
TRDYAQKFOGRATL TADKSTSTAYMELSSLRSEDTAVYFCARGTYYNNYYGTRDYWGOG
TIVTVSSASTRGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTF
PAVLOSSGLYSLSSVVTVPSSSLGTOQTYICNVNHEPSNTEVDKKVEPKSCDKTHTCPPCP
APEAAGGPSVFLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGVEVHNAK
TEPREEQYNSTYRVVSVLTVLHODWILNGKEYKCKVSNK ALPAPIEKTISKAKGQPREP(Q
VYTLPPSREEMTKNQVSLTCLVRKGFYPSBIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWOQOQOGNVESCSVELHEALHSHYTQKSLSLSPGK

The sequence of variable domain of heavy chain 1s undertined. The L234A, L235A, M428L,

N4348 mutations are bolded,

The disclosure also provides for preparation of a bispecific antibody or multispecific
antibody that can include the engagement of any two, threg, or four TSLP epitopes by having
Fab or scFv domains comprising the one humanized heavy chain variable region of TAV(202,

designated as 202H2, with amino acid sequence set forth as SEQ ID NO. 9 with one of the two
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humanized light chain variable region of TAVO202, designated as 20213 and 20214, with
amino acid sequences set forth as SEQ ID NG, 10 and SEQ 1D NQG. 11, respectively. For
mnstance, this can be a bispecific antibody that has Fab or scFv domains 202H2Z with 20213 and
202H2Z with 20214, or any other permutation of domains that can engagement two, three, or four
epitopes.

The TSLP binding antibodies and fragments of the present disclosure encompass antigen-
binding fragments that retain sufficient ability to specifically bind to TSLP. The TSLP binding
fragments as used herein may include any 3 or more contiguous amino acids {e.g., 4 or more, 5
or more 6 or more, 8 or more, or even 10 or more contiguous amino acids) of the antibody and
encompasses Fab, Fab’, F(ab")2, and F(v) fragments, or the individual light or heavy chain
variable regions or portions thereof. These fragments lack the F. fragment of an intact antibody,
clear more rapidly from the circulation, and can have less non-specific tissue binding than an
intact antibody. These fragments can be produced from intact antibodies using well known
methods, for example by proteolytic cleavage with enzymes such as papain (to produce Fab
fragments) or pepsin (to produce F(ab™)2 fragments).

The TSLP binding antibodies and fragments of the present disclosure may also
encompass diabodies, which are bivalent antibodies in which VH and VL domains are expressed
on a single polypeptide chain, but using a hnker that 1s too short to allow for pairing between the
two domains on the same chain, thereby forcing the domains to pawr with complementary
domains of another chain and creating two antigen binding sites.

The TSLP binding antibodies and fragments of the present disclosure may also
encompass single-chain antibody fragments {scFv) that bind to TSLP. An scFv comprises an
antibody heavy chain variable region (Vu) operably hinked to an antibody hight chain variable
region {VL} wherein the heavy chain variable region and the light chain variable region, together
or individually, form a binding site that binds TSLP. Such TSLP binding fragments can be
prepared by methods known 1n the art such as, for example, the synthesis or PCR mediated
amplification of the variable portions of the heavy and light chains of an antibody molecule and a
flexible protein linker composed of the amine acids Gly and Ser. The resulting BDNA fragment 15
cloned for expression in E. coli or mammalian cells. The expressed TSLP binding fragments are

purified from the host cells.
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The TSLP binding antibodies and fragments of the present disclosure encompass full
length antibody comprising two heavy chains and two light chains. Exemplary human or
humanized antibodies include IgG, IgM, IgE, IgA, and IgD antibodies. The present antibodies
can be of any class (IgG, IgM, IgE, 1eGA, IgD, etc.) or isotype. For example, a human antibody
can comprise an 1gG Fc domain, such as at least one of isotypes, IgG1, IgG2, 126G3 or 1pG4.

In some instances, an [gG Fc domain comprises an amino acid sequence having at least
70%, at least 75%, at least 80%, at ieast 85%, at least 90%, at least 95%, at least 98%¢, at least
99%, or 100%, amino acid sequence identity to an IgGl Fc sequence as SEQ D NO: 17.

In some instances, an [gG Fc domain comprises an amino acid sequence having at least
70%, at least 75%, at least 80%, at ieast 85%, at least 90%, at least 95%, at least 98%¢, at least
99%, or 100%, amino acid sequence identity to an 1g(G2 Fc sequence as SEQ D NO: 18

In some instances, an [gG Fc domain comprises an amino acid sequence having at least
70%, at least 75%, at least 80%, at ieast 85%, at least 90%, at least 95%, at least 98%¢, at least
99%, or 100%, amino acid sequence identity to an 1g(G3 Fc sequence as SEQ D NO: 19,

In some instances, an [gG Fc domain comprises an amino acid sequence having at least
T0%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least
99%, or 100%, amino acid sequence identity to an IgG4 Fe sequence as SEQ 1D NO: 20,

A S228P mutation may be made into IgG4 antibodies to enhance TgGuy stability,

IgGi Fo (SEQ ID NO: 17y

KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWILNGKEYRKCKVANKALP
APIEKTISKAKGQOPREPOVYTLPPSRDELTKNQVSLTCLVRGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOQGNVESCSVMHEALHNHYTQOKSLSLSPGK

IgGe Fo (SEQ ID NO: 18):
TVERKCCVECPPCPAPPVAGPSVILFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNW
YVDGVEVHNARKTKPREEQFNSTFRVVSVLTVVHODWILNGKEYKCKVSNKGLPAPIEKT
ISKTKGOPREPOQVYTLPPSREEMTKNQVSLTCLVKGHFYPSDIAVEWESNGOPENNYKTTP
PMLDSBGSFFLYSKLTYDRSRWOQGNVESCSVMHEALHNHYTOQKSLSLSPGK
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1gGa Fo (SEQ 1D NG 19):
RVELKTPLGDTTHTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTICVYVVDYVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHGDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG(QPE
NNYKTTPPVLDSDGSFFLYSKLTVEKSRWOQGNVFSCSYMHEALHNHYTQKSLSLSPG
K

1gGa Fe (SEQ 1D NO: 20)
RVESKYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDYSQEDPEVQEN
WYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIE
KTISKAKGQPREPQVYTLPPSQEEMTKNGQYSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSRLTVDKSRWOBGNVFSCSVMHEALHNHY TQKSLSLSLGK

The present anti-TSLP antibodies may comprise a modified Fc region, wherein the
modified Fc region comprises at least one amino acid modification relative to a wild-type Fc
region. In some embodiments, the present anti-TSLP antibodies are provided with a modified Fc
region where a naturally-occurring Fe region 1s modified to extend the half-life of the antibody
when compared to the parental wild-type antibody 10 a biological environment, for example, the
serum half-life or a half-life measured by an in vitro assay.

Exemplary mutations that may be made singularly or in combinations are T250Q,
M252Y, 1253A, S254T, T256E, P257L, T307A, D376V, F380A, M428L, H433K, N4348,
N434A, N434H, N434F, H435A and H4335R mutations, or a fusion of an albumin-binding
peptide onto the C terminus of the F¢) with enhanced circulating antibody half-life relative to a

control without said Fo mutation,

In certain emnbodiments, the extension of half-life can be realized by engineering the
M252Y/S254T/T256E mutations in IgGl Fe as SEQ 1D NGO: 21, residue numbering according to
the EU Index (Dall' Acgua, Kiener et al. 20006).

In certain embodiments, the extension of half-life can also be realized by engineering the

M4281L/N434S mutations n IgG1 Fe as SEQ ID NO: 22 (Zalevsky, Chamberlain et al. 2010).
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In certain embodiments, the extension of half-life can also be realized by engineering the
T250Q/M428L mutations in [gGl Fe as SEQ 1D NO: 23 (Hinton, Xiong et al. 2006).

In certain embodiments, the extension of half-life can also be realized by engineering the
N434A mutations in IgG1 Fe as SEQ ID NO: 24 (Shields, Namenuk et al. 2001).

In certain embodiments, the extension of half-life can also be realized by engineering the
T307A/E3B0A/N434A mutations in Ig(a] Fe as SEQ 1D NO: 25 (Petkova, Akilesh et al. 2006).

The effect Fc engineering on the extension of antibody half-life can be evaluated in PK

studies m mice relative to antibodies with native 1gG Fo.

IgGr Fo with M252Y/8254T/T256E mutations (SEQ 1D NO: 21)

KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLYITREPEVTCYVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLUTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLYVKGEFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVFSCSVMHEATLHNHYTOKSESLSPGK

1gGy Fo with M428L/N4348 mutations (SEQ D NO: 22
KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYRKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDEL TKNQVSLTCLVKGFYPSDIAVEWESNGOPEN
NYKTTPPVLDSDGSFFLYSKLTVDESRWOOQGNVESCSVEHEALHSHY TOQKSLSLSPGK

IgGr Feo with T250Q/M428L mutations (SEQ 1D NG: 23)

KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDQLMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVUTIVLHODWLNGKEYKCKVSNKALP
APIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVEGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOGNVESCSVLHEALHENHYTQRSLSLSPGK

IgGi Fe with N434A mutations (SEQ ID NO: 24)
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KVEPKSCDKTHTCPPCPAPELL GGPSVELFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVYVDOGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGKEYKCKVSNKALP
APIEKTISKAKGOPREPOQVYTLPPSRDELTENOQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTYVDKSRWQOQGNVFSCSVMHEALHAHYTOKSESLSPGK

1gG Fe with T307A/E380A/N434A mutations (SEQ ID NO: 25)

KVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCYVVDVSHEDPEY
KFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLAVLHQDWENGKEYKCKVSNKALP
APIEKTISKAKGQPREPOVYTLPPSRDELTRKNOQVSLTCLVKGFYPSDIAVAWESNGQPEN
NYKTTPPVEDSDGSFFLYSKLTVDRKSRWQQGNVESCSYVMBEALHARYTQKSLSLSPGK

In some embodiments, the present anti-TSLP antibodies are provided with a modified Fe
region where a naturally-occurring Fe region is modified to enhance the antibody resistance to
proteolytic degradation by a protease that cleaves the wild-type antibody between or at residues
222-237 (EU numbering).

In certain embodiments, the antibody or antigen binding fragment thereof further
comprises a mutation in the lower hinge region of Fc {e.g., equivalent to residues 222-237 of
IgG1 Fo) and allowing for increased protease resistance (e g., resistance to degradation by MMP-
3, MMP-7, MMP-12, MMP-13, cathepsin G, pepsin, IdeS, or GluV8) relative to the native IgGi
antibody n environments with endogenous proteolytic activity.

In certain embodiments, the resistance to proteolyvtic degradation can be realized by
engineering E233P/L234V/L235A mutations in the hinge region with G236 deleted when
compared to a parental wild-type antibody as SEQ ID NO: 26, residue numbering according to

the EU Index (Kinder, Greenplate et al. 2013).

IgGa Fe with E233P/L234V/L 235 A mutations and G236 deleted (SEQ ID NO: 26)
KVEPKSCDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVE
FNWYVDGVEVHNAKTRPREEQYNSTYRVVSVLTVLHODWINGKEYKCKVENKALPA
PIEKTISKAKGOPREPOVYTLPPSRBELTENQVSLTCLVKGFYPSDIAVEWESNGQOPENN
YKTTPPYVLDSBGSFFLYSKLTVDRESRWOOQGNVEFSCSVMHEALHNHYTOKSLSLSPGK
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In instances where effector functionality is not desired, the antibodies of the disclosure
may further be engineered to introduce at least one mutation in the antibody Fc that reduces
binding of the antibody to an activating Foy receptor (FoyR) and/or reduces F. eftector functions
such as Clq binding, complement dependent cytotoxicity (CDC), antibody-dependent cell-
mediated cvtotoxicity { ADCC) or phagocytosis (ADCP).

Fe positions that may be mutated to reduce binding of the antibody to the activating FoyR
and subsequently to reduce effector functions are those described for example m (Xu, Alegre et
al. 2000) (Vafa, Gilliland et al. 2014) (Bolt, Routledge et al. 1993) (Chu, Vostiar et al. 2008)
(Shields, Namenuk et al. 2001). Fc mutations with nunimal ADCC, ADCP, CDC, Fe medicated
cellular activation have been described also as sigma mutations for IgG1, 1gG2 and IgG4 (Tam,
McCarthy et al. 2017).

Exemplary mutations that may be made singularly or in combinations are K214T,
E233P, L234V, L234A, deletion of G236, V234A  F234A, 12354, G237A, P238A, P238S,
D265A, 8267E, H268A, H263(Q, (Q268A, N29TA, A327¢}, P329A, D270A, Q29354, V309L,
A327S, L328F, A3308 and P331S mutations on Ig(, TgGe, IgGs or TgGa.

Exemplary combination mutations that may be made to reduce ADCC are L234A/1.235A
on TgGr, V234A/G237A/P238S/H268A/V3I09L/A3308 /P331S on Tg(as, F234A/1.235A on [g(a,
S228P/F234A/L235A on lgGe, N297A on 1gG, 1g(n, 1gGa or IgGs, V234A/G237A onlg(Ge,
KZI4T/E233P/L234V/L235A/G236-deleted/A327G/P331A/D365E/L358M on g,
H268(3/V309L/A3308/P331S on Iglo, SZ6TE/A328F on TgGr, L234F/L235E/D265A on Ig(n,
L234A/L.235A/G237A/P238S /H268A/A3308/P3318 on Igla,
S228P/F234A/L235A/G237A/P238S on 1g(is, and S228P/F234A/1.235A/(3236-
deleted/(G237A/P2388 on [gGe. Hybrid IgGos Fe domains may also be used, such as Fo with
residues 117-260 from Ig(sz and residues 261-447 from Ig(Ga.

In some embodiments, the present anti-TSLP antibodies are provided with a modified Fe
region where a naturally-occcurring Fe region is modified to facilitate the generation of bispecific

antibody by Fc heterodimerization.
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In certain embodiments, the Fc¢ heterodimerization can be realized by engmeering F405L
and K409R mutations on two parental antibodies and the generation of bispecific antibody ina
process known as Fab arm exchange {Labrijn, Meesters et al. 2014).

In certain embodiments, the Fc¢ heterodimerization can also be realized by Fc mutations
to facilitate Knob-in-Hole sirategy (see, e.g., Intl. Publ. No. W{3 2006/028936). An amino acid
with a small side chain (hole) 1s intreduced into one Fc domain and an amino acid with a large
side chain (knob) 1s introduced into the other Fc domam. After co-expression of the two heavy
chains, a heterodimer is formed as a result of the preferential interaction of the heavy chain with
a “hole” with the heavy chain with a “knob” (Ridgway, Presta et al. 1996).

Exemplary Fc mutation pairs forming a knob and a hole are: T366Y/F405A,
T366W/F40SW, FA0SW/Y40TA, T394W/Y407T, T3948/Y407A, T366W/T3948,
FA0SW/T394S and T366W/T3665/L368A/Y40TY .

In certain embodiments, the Fc heterodimenization can also be realized by Fc mutations
to facilitate the electrostatically-matched interactions strategy (Gunasekaran, Pentony et al.
2010). Mutations can be engineered to generate positively charged residues at one Fc domain
and negatively charged residues at the other Fc domain as described in US Patent Publ. No.
US2010/0015133; US Patent Publ. No. US2009/0182127; US Patent Publ. No. USZ010/028637
or US Patent Publ. No. US2011/0123532. Heavy chain heterodimerization can be formed by
electrostatically-matched interactions between two mutated Fe.

Antibodies of the disclosure further comprising conservative modifications are within the
scope of the disclosure.

“Conservative modifications” refer to amino acid modifications that do not sigmificantly
affect or alter the binding characteristics of the antibody contaming the amino acid sequences.
Conservative modifications inchude amino acid substitutions, additions and delstions.
Conservative substitutions are those 1 which the amino acid 1s replaced with an amino acid
residue having a similar side chain. The families of anuno acid residues having similar side
chains are well defined and imclude ammno acids with acidic side chains {e.g., aspartic acid,
glutanuc acid), basic side chains {e.g., lysine, arginine, hustidine}, nonpolar side chains {e.g,,
alanine, valine, leucine, 1soleucine, proline, phenylalanine, methionine), uncharged polar side

chains {e.g., glycine, asparagine, glutamineg, cysteine, serine, threonine, tyrosing, tryptophans,
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aromatic side chains (e.g., phenylalanine, tryptophan, histidine, tyrosine}, aliphatic side chains
{e.g., glycine, alanine, valine, leucine, isoleucine, serine, threonine}, amide (&.g., asparagine,
glutamine}, beta-branched side chains (e.g., threonine, valine, isoleucine) and sulfur-containing
side chains {cysteine, methionine}. Furthermore, any native residue in the polvpeptide may also
be substituted with alanine, as has been previously described for alanine scanning mutagenesis
{{(MacLennan, Rice et al. 1998); (Sasaki and Sutch 1998)). Amino acid substitutions to the
antibodies of the disclosure may be made by known methods for example by PCR mutagenesis
(US Patent No. 4,683,195}, Alternatively, hibraries of variants may be generated for example
using random (NNK) or non-random codons, for example DVK codons, which encode 11 amino
acids {Ala, Cys, Asp, Glu, Gly, Lys, Asn, Arg, Ser, Tyr, Trp). The resulting antibody variants
may be tested for their characteristics using assays described herein.

The antibodies of the disclosure may be post-translationally modified by processes such
as glycosylation, isomerization, deglycosylation or non-naturally occurring covalent
modification such as the addition of polyethyviene glveol moieties (pegylation) and hipidation.
Such modifications may occur in vivo or n vitro. For example, the antibodies of the disclosure
may be conjugated to polyethviene glycol (PEGylated) to improve their pharmacokinetic
profiles. Comjugation may be carried out by techniques known to those skilled in the art.
Conjugation of therapeutic antibodies with PEG has been shown to enhance pharmacodynamics
while not mterfering with function (Ieong, DeForge et al. 2001, Yang, Basu et al. 2003, Knght,
Jordan et al. 2004},

Antibodies of the disclosure may be modified to improve stability, selectivity, cross-
reactivity, affinity, immunogenicity or other desirable biclogical or brophysical property are
within the scope of the disclosure. Stability of an antibody 1s nfluenced by a number of factors,
meluding (1) core packing of mdividual domains that affects their intrinsic stability, (2)
protein/protemn nterface interactions that have impact upon the HC and LC pairing, (3) bunal of
polar and charged residues, (4) H-bonding network for polar and charged residues; and (5)
surface charge and polar residue distribution among other intra- and inter-molecular forces
{(Worn and Pluckthun 2001}, Potential structure destabilizing residues may be identified based
upon the crystal structure of the antibody or by molecular modelling in certain cases, and the
effect of the residues on antibody stability may be tested by generating and evaluating variants

harboring mutations in the identified residues. One of the ways to increase antibody stability is
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to raise the thermal transition nmudpoint (Tm) as measured by differential scanning calorimetry
{DSC). In general, the protein Tm 15 correlated with its stability and inversely correlated with its
susceptibility to unfolding and denaturation in solution and the degradation processes that
depend on the tendency of the protein to unfold (Remmele and Gombotz 2000). A number of
studies have found correlation between the ranking of the physical stability of formulations
measured as thermal stability by DSC and physical stability measured by other methods (Maa
and Hsu 1996, Remmele, Nightlinger et al. 1997, Gupta and Kaisheva 2003, Bedu-Addo,
Johnson et al. 2004, Zhang, Roy et al. 2004}, Formulation studies suggest that a Fab Ty, has
umphication for long-term physical stability of a corresponding mAb.

Antibodies of the disclosure may have amino acid substitutions in the Fc region that
mprove manufacturing and drug stability. An example for IgGr 1s H224S (or H224Q) 1n the
hinge 221-DKTHTC-226 (Eu numbering} which blocks radically induced cleavage (Yates,
Gunasekaran et al. 2010); and for TgGa, the 8228P mutation blocks half-antibody exchange

{Angal, King et al. 1993, Labrin, Buysse et al. 2009).

Fxpression and purification of the anti-TSLP antibodies

The anti-TSLP antibodies and fragments of the disclosure can be encoded by a single
nucleic acid (e.g., a single nucleic acid comprising nucleotide sequences that encode the light
and heavy chain polypeptides of the antibody), or by two or more separate nucleic acids, each of
which encode a different part of the antibody or antibody fragment.

As a non-hmiting example, the disclosure provides nucleic acid sequence as SEQ ID NO:
27 which encodes anti~TSLP humanized antibody heavy chain based on 202H2 with IgG2 Fe,
nucleic acid sequence as SEQ 1D NO: 28 which encodes the anti-TSLP antibody light chain
sequence based on 20213, and nucleic acid sequence as SEQ ID NO: 29 which encodes the anti-

TSLP antibody light chain sequence based on 20214

Nucleotide sequence for anti-TSLP humanized antibody heavy chain based on 202H2 with [g(G2
Fe (SEQ ID NG: 27
caagigcagciggtgcagtccggagecgageoigaagaagcccggetecagegigaaggtioasctocaaagectecggctacacctica

geagcetactggotoaactogeicagacaageccocggecaaggactggagtogatiooccagatciatcccggrgacgglgacacoegs
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tiacgcecagaagticcaaggeagagecacacigacegecgacaagiccaccageaccgectacatggagctgagcteicteaggoagcy
aggataccgecgtgtactictgegetagaggocacctactacaacaactactacggeaccgactactgggoccaaggeaccaccgigaccg
tgagecagegecageaccaagggeccatcegtctteccoctggeecctigetecagaageacctocgagageacagecgeecteggatgt

ctggteaaagactacttceccgagectgtgacegigagctggaacageggogeccigacaageggogigcatacciticctgoegtyctae
agagcageggectgiactececigiccagegtggigaccgigeccagcageaatticggeacocagacctacaccigiaacgtogatcaca

agccctecaacaccaaagigeacaagacogiggagaggaagigctotgtggaatgeoccoctigiccigecectocegtggetggeccca
gegtgttcetcttcoctoccaageccaaggacacectoatgatcagoagaacaceegaggigacctgegtogiggtggacgtateccacga
ggacceegaggtocagticaactggtacgiggacggegiggaggtgcacaacgecaagaccaagoccagggaggagcagitcaattce
accticagggtogtoascgtectgacegiggigeaccaggaciggctgaacggcaaggagtacaagigcaagotzagcaacaaggacoe
tgcoccgececcategaaaagaccatitccaaaaccagaggocageccagggagecccaggigiacacactigeoccocageagagagga
gatgacaaagaaccaggtoagcctgacatgectggtgaaggactittaccctagegacategeigiggagtigggagageaacggecage
cegagaacaactacaagacaaceoctoccatgetiggaticegatggctecticticotgtactccaagotgacegtggacaagageaggty

geageagggaacgigttetcetgticogtgatgeatgaggecctacacagccactacacecagaagtoccigagoctgagoooggoaa

o
&

Nucleotide sequence for anti-TSLP humanized antibody light chain based on 20213 (SEQ ID
NO: 28)
satatccagcetgacccagagecccagetiictigagegotagogigggagacagagigaccalcacatgeagegtgtccageageateage
agcageaatctgeactggtaccageagaagoooggeaaggeccocaagecttggatetacggaaccageaatetggecagegacgtge
clageagattttceggatecggaagegocaccgagiacacacigaccatcagetetctgeageecgaagacgecgotacctactactgeca
geagtggaocagctaccecictgaccticggoecaaggeaccaagetggagatcaagegtacggtgoctocaccatetgicticaicttcocy
ccatctgatgageagttgaaatctggaactgectetgitgiotgcctgetgaataactictatcecagagaggccasagtacagiggaaggoty
gataacgecctecaatcgggtaacicccaggagagtgtcacagagcaggacageaaggacageacctacagectcageageaceetga
cgctgageaaageagaciacgagaaacacaaagiclacgectgegaagtcacceatcagggocigagetegocegicacaaagagotic

agcagggeagaotot

Nucleotide sequence for anti-TSLP humanized antibody hight chain based on 20214 (SEQ ID
NG: 29)
gagatcgtoctgacccagagoeecegatitecagiecgigaceeccaaggagaaggtoaccatiacatgotecgtigageageageaicage

agcagceaatcigeactggtaccageagaagoccgatcagagecccaagectigeatitaceggcacaagcaatciggecageggagtoce

o
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ciccagattcagcggrageggaagcggcaccgactacacactgaccatcaactcictggageccgaggatgccgccacctactactgee
agcagtogascagctacccictgaccticggecaaggcaccaagetggaaatcaagegtacggtgoctgcaccatctgtcticateticceg
ccatctgatgagcagtigaaatciggeaacigecictgttgtgtocctgetgaataactictateccagagagoccaaagtacagtggaagots
eataacgcoctceaalcgggiaacteccaggagagtgicacagageaggacageaaggacageacctacagecicageageacectea
cgotgageaaagoagaciacgagaaacacaaagictacgectgegaagicacccatcagggactgagetogecogicacaaagagctic

aacaggggagagtal

The nucleic acids can be mserted into vectors, e.g., nucleic acid expression vectors and/or
targeting vectors. Such vectors can be used in various ways, ¢.g., for the expression of anti-
TSLP binding antibody or antibody fragment in a cell or transgenic animal. Vectors are typically
selected to be functional in the host cell in which the vector will be used. A nucleic acid
molecule encoding anti-TSLP binding antibody or fragment may be amplified / expressed in
prokaryotic, yeast, insect (baculovirus systems) and/or eukaryotic host cells. Selection of the
host cell will depend in part on whether the anti-TSLP binding antibody or fragment 15 to be
post-translationally modified (e.g., glycosylated and/or phosphorylated). If so, veast, insect, or
mammalian host cells are preferable. Expression vectors typically contain one or more of the
followimg components: a promoter, one or more enhancer sequences, an origin of replication, a
transcriptional termination sequence, a complete intron sequence containing a donor and
acceptor splice site, 3 leader sequence for secretion, a ribosome binding site, a polyadenylation
sequence, a polylinker region for inserting the nucleic acid encoding the polypeptide to be
expressed, and a selectable marker element.

In most cases, a leader or signal sequence 18 engineered at the N-terminus of the anti-
TSLP antibodies or fragments to guide 1ts secretion. The secretion of anti-TSLP antibodies or
fragments from a host cell will result in the removal of the signal peptide from the antibody or
fragment. Thus, the mature antibody or fragment will lack any leader or signal sequence. In
some cases, such as where glycosylation 13 desired in a eukaryotic host cell expression system,
one may manipulate the various pre-sequences to improve glycosyiation or vield. For example,
one may alter the peptidase cleavage site of a signal peptide, or add pro-sequences, which also
may affect glycosylation.

The disclosure further provides a cell {e.g., an isolated or purified cell) comprising a

nucleic acid or vector of the disclosure. The cell can be any type of cell capable of being
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transformed with the nucleic acid or vector of the disclosure so as to produce a polypeptide
encoded thereby. To express the anti-TSLP binding antibodies or fragments, DNAs encoding
partial or full-length light and heavy chains, obtained as described above, are inserted into
expression vectors such that the genes are operatively linked to transcriptional and translational

control sequences.

Methods of introducing nucleic acids and vectors into isolated cells and the culture and
selection of transformed host cells i vitre are known in the art and include the use of calcium
chloride-mediated transformation, transduction, conjugation, triparental mating, DEAE, dextran-
mediated transfection, infection, membrane fusion with hiposomes, high velocity bombardment
with DN A-coated microprojectiles, direct microinjection into single cells, and electroporation.

After itroducing the nucleic acid or vector of the disclosure into the cell, the cell is
cultured under conditions suitable for expression of the encoded sequence. The antibody,

antigen binding fragment, or portion of the antibody then can be isolated from the cell.

In certain embodiments, two or more vectors that together encode anti-TSLP binding
antibodies, or antigen binding fragments thereof, can be mtroduced nto the cell.

Purification of anti-TSLP binding antibodies or fragments which have been secreted mnto
the cell media can be accomplished using a variety of techniques including atfinity,
immunoaffinity or ion exchange chromatography, molecular sieve chromatography, preparative
gel electrophoresis or 1soeleciric focusing, chromatofocusing, and high-pressure iguid
chromatography. For example, antibodies comprising a F: region may be purified by affinity
chromatography with Protein A, which selectively binds the Fo region.

Modified forms of an antibody or antigen binding fragment may be prepared with affinity
tags, such as hexahistidine or other small peptide such as FLAG (Eastman Kodak Co., New
Haven, Conn.} or maye (Invitrogen) at either 1ts carboxy] or amino termnas and purtfied by a
one-step atfinity colurmn. For example, polvhistidine binds with great affinity and specificity to
nickel, thus an affinity column of nickel (such as the (Qiagen® nickel columns) can be used for
purification of polyhistidine-tagged selective binding agents. In some mstances, more than one
purification step may be employed.

Modified forms of an antibody or antigen binding fragment may be prepared with affinity

tags, such as hexahistidine or other small peptide such as FLAG (Eastman Kodak Co., New
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Haven, Conn.) or myc {Invitrogen) at either its carboxyl or amino terminus and purified by a
one-step affinity column. For example, polyhistidine binds with great affinity and specificity to
nickel, thus an affinity column of nickel (such as the Qiagen® nickel columns) can be used for
purification of polyhistidine-tagged selective binding agents. In some nstances, more than one

purification step may be employed.

T8LP

Thymic stromal lymphopotetin, TSLP, 1s an epithelial cell derived protein belonging to a
cytokine family that 1s implicated in allergic inflammation (Cianferoni and Spergel 2014}, It s
produced mainly by non-hematopoietic cells such as fibroblasts, epithelial cells and different -
like cells, and plays an important role in the maturation of T cell populations through activation
of antigen presenting cells. TSLP is produced in response to proinflammatory stimuli and drives
allergic mflammatory responses mainly by influence on dendritic cells for T helper (Th) 2
cytokine production.

Human TSLP has two 1soforms. The long form of TSLP, IfTSLP, is expressed in several
tissues including heart, liver and prostate and induces release of T-cell attracting chemokines
from monocytes and enhances the maturation of CD11c-dendritic cells. it can induce allergic
inflaramation by directly activating mast cells (Reche, Soumehs ef ¢/, 2001, Fhang and Zhou
2012). Isoform 2 is the short form of TSLP, sfTSLP, and 1s the predominant form in
keratinocytes of oral mucosa, skin and in salivary glands, and may function as an antimicrobial
peptide (Bjerkan, Sonesson ef af. 2016) . Human TSLP 1s mapped to chromosome 5¢22.1
{Quentmeier, Drexler ef a/. 2001).

The amino acid sequence of HTSLP 1s provided as SEQ ID No. 30, of whach the first 28
amino acids constitute the signal peptide and Y29 to Q159 1s the mature form. The amino acid

sequence of sSfTSLP 15 provided as SEQ 1D No. 31

Amino acid sequence for long form TSLP HTSLP (SEQ ID NO: 30)

MFPFALLYVLSVSFRKIFILQLVGLVLTYDFINCDFEKIKAAYLSTISKDLITYMSGTEST
EFNNTVSCSNRPHULTEIQSLTINPTAGCASLAKEMFAMKTKAALAIWCPGYSETOINA

TOAMKERRKREVTTNKCLEQVSOLOGLWRRFNRPLLKQQ
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Amino acid sequence for short form TSLP sfTSLP (SEQ ID NG 31)
MFAMEKTRKAALATWUOPGYSETOINATOAMEKRREKRRVTTNKCLEQVSQLOGLWRRINR
PLLKOQ

TSLP receptor (TSLPR} binds TSLP with low affinity and is a member of the
hematopotetin receptor family (Park, Martin ef a/. 2000} A combination of IL-7 receptor alpha
chain (IL-7Ra} and TSLPR 1s required for high affinity binding of TSLP to form the ternary
complex (Verstraete, van Schie ef ¢/ 2014). The ternary complex is necessary for cell
proliferation and signalling.

After binding of TSLP, STATS phosphorylation 1s induced resulting in expression of
downstream transcription factors. Although initial results suggest that TSLP engagement on
TSLPR complex activates STATS without detectable JAK activation, recent results demonstrate
that JAKY and JAKZ, which bind to [L-7Ra and TSLPR chain respectively, is required for
TSLP-mediated STATS activation (Rochman, Kashyap ef af. 2010). Other signalling pathways
stimulated by many cytokines, such as activation of ERK1 2 and p7086K, are not involved in
TSLP activity {Quentmeier, Drexler er af. 2001).

The homology between mouse and human TSLP 15 43% and 39% for the TSLPR, with no
cross reactivity between the species. Despite the poor amino acid sequence identity between
murine and human TSLP and murine and human TSLPR, the fact that high affinity binding of
TSLP to 1ts receptor 1n both species requures IL-7Ra suggest that human TSLP and TLPLR are
orthologs to mouse TSLP and TSLPR. Thus, mouse models have been used for various
hiological studies, mcluding use of a chimeric human TSLP and buman TSLPR transgenic
mouse strain {(Francis, Milford e o/ 2016).

TSLP expression 1s linked to many disease states including asthma (Ying, O’ Connor ef
af. 2005), inflammatory arthritis (Koyama, Ozawa ef al. 2007}, inflammatory bowel disease
{(Park, Jeong ef af 2017), atopic dermatitis (Ebner, Nguyen et a/. 2007}, eczema |, eosinophilic
esophagitts and other allergic states (Soumelis and Liu 2004), (Soumelis, Reche ef al. 2002}
Understanding the mechanism of TSLP production and those potential substances that block the

production may enable better methods to prevent or treat these conditions. Thus, targeting TSLP
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may inhibit multiple bislogic pathways immvolved 1n asthma and Th2 cytokine mediated

mflammatory disorders (Gauvreau , O'Byrne era/ 2014).

Binding and funciional activity of anti-TS5LP antibodies

The present disclosure encompasses anti-TSLP monoclonal antibodies or antibody
fragments that bind selectively to TSLP with greater affinity than to other antigens. The anti-
TSLP monoclonal antibodies and fragments may bind selectively to human TSLP, but also bind
detectably to non-human TSLP. Alternatively, or additionally, TSLP binding antibodies and
antibody fragments may have the same or substantially the same potency against recombinant
human TSLP and endogenous human TSLP.

In vitro and cell-based assays are well described in the art for use in determining binding
of TSLP antibodies to its target. For example, the binding of TSLP to their receptors may be
determined by immobilizing a TSLP hinding antibody, sequestering TSLP with the immobilized
antibody and determining whether the TSLP is bound to the antibody, and contacting a soluble
form of receptor with the bound TSLP/antibody complex and determining whether the soluble
receptor 1s bound to the complex. The protocol may also include contacting the soluble receptors
with the immobilized antibody before the contact with TSLP antibody, to confirm that the
soluble receptor does not bind to the immobilized antibody. This protocol can be performed
using a Biacore® instrument for kinetic analysis of binding mteractions. Such a protocol can
also be employed to determine whether an antibody or other molecule pernuts or blocks the
binding of TSLP to their receptors.

For other TSLP /receptor binding assays, the permitting or blocking of TSLP binding to
its receptor may be determined by comparing the binding of TSLP to its receptor in the presence
or absence of TSLP antibodies or TSLP binding fragments thereof. Blocking 1s identified in the
assay readout as a designated reduction of TSLP binding to its receptor in the presence of anti-
TSLP antibodies or TSLP binding fragments thereof, as compared to a control sample that
contains the corresponding buffer or diluent but not an TSLP antibody or TSLP binding fragment
thersof. The assay readout may be qualitatively viewed as indicating the presence or absence of
blocking or may be quantitatively viewed as indicating a percent or fold reduction in binding due

to the presence of the antibody or fragment. When an TSLP binding antibody or TSLP binding
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fragment substantially blocks TSLP binding to its receptor, the TSLP binding to its receptor is
reduced by at least 10-fold, alternatively at least about 20-fold, alternatively at least about 50-
fold, alternatively at least about 100-fold, alternatively at least about 1000-fold, alternatively at
least about 10000-fold, or more, compared to binding of the same concentrations of TSLP and its
receptor in the absence of the antibody or fragment.

Preferred anti- TSLP antibodies for use in accordance with the disclosure generally bind
to human TSLP with high affinity {e.g., as determined with BIACORE), such as for example
with an equilibrium binding dissociation constant (KD) for TSLP of about 10 nM or less, about 5
nM or less, about T nM or less, about 500 pM or less, or more preferably about 250 pM or less,
about 100 pM or less, about 50 pM or less, about 25 pM or less, about 10 pM or less, about 5 pM
or less, about 3 pM or less about 1 pM or less, about 0.75 pM or less, about 0.5 pM or less, or

about 0.3 pM or less.

Antibodies or fragments of the present disclosure may, for example, bind to TSLP with
an BCS0 of about 10 oM or less, about 3 nM or less, about 2 nM or less, about 1 nM or less,
about 0.75 nM or less, about 0.5 nM or less, about 0.4 nM or less, about 0.3 nM or less, or even

about 0.2 nM or less, as determuned by enzyme hoked immunosorbent assay (ELISA).

Preferably, the antibody or antibody fragment of the present disclosure does not cross-
react with any target other than TSLP. For example, the present antibodies and fragments may
bind to TSLP, but do not detectably bind to, or have at least about 100 times {(e.g., at least about
150 times, at least about 200 times, or even at least about 250 times) greater selectivity in its
binding of TSLP relative to its binding to other proteins.

The key amino acid residues {epitope} bound by the TSLP binding antibody or fragment
described i this disclosure may be determined using a peptide array, such as for example, a
PepSpot™ peptide array (JPT Peptide Technologies, Berlin, Germany), wherein a scan of twelve
amino-acid peptides, spanning the entire TSLP amimno acid sequence, each peptide overlapping
by 11 amino acid to the previous one, 1s synthesized directly on a membrane. Alternatively, or in
addition, antibody competition experiments may be performed and such assays are well known
in the art.

The present disciosure also encompasses neutralizing antibodies or neutralizing

fragments thereof which bind to TSLP so as to neutralize its biological activity. Neutralization
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of biological activity of TSLP can be assessed by assays for one or more indicators of biological
activity, such as TSLP stimulated reporter gene expression in a reporter assay. Neutralization of
bislogical activity of TSLP can also be assessed in vivo by animal models of asthma or atopic
dermatitis. Preferably the TSLP binding antibodies and fragments of the present disclosure
neutralize the biological activity of TSLP connected with the signalling function of their
receptors bound by the TSLP.

The present antibodies or fragments may be neutralizing antibodies or fragments which
bind specifically to TSLP epitopes that affects biclogical activity of TSLP. The present
antibodies or fragments can bind to neutralization-sensitive epitopes of TSLP. Whena
neutralization-sensitive epttope of TSLP 1s bound by one of the present antibodies or fragments,
the result is a loss of biological activity containing the epitope.

In certain embodiments, an antibody or fragment thereof of the present disclosure can
neutralize, inhibit, block, abrogate, reduce or interfere with, an activity of TSLP by binding to an
epttope of TSLP that 1s directly involved in the targeted activity of TSLP. In another
ernbodiment, an antibody or fragment thereof of the disclosure can neutralize, inhubit, block,
abrogate, reduce or interfere with, an activity of TSLP by binding to an epitope of TSLP that 1s
not directly involved in the targeted activity of TSLP, but the antibody or fragment binding
thereto sterically or conformationally inhibuts, blocks, abrogates, reduces or interferes with, the
targeted activity of TSLP. In yet another embodiment, an antibody or fragment thereof of the
disclosure binds to an epitope of TSLP that 15 not directly involved in the targeted activity of
TSLP (i.e., a non-blocking antibody )}, but the antibody or fragment binding thereto results 1n the
enhancement of the clearance of TSLP.

In certain embodiments, the antibody or antigen-binding fragment thereof’ a) mnhibits
binding of TSLP and TSLPR; b) reduces the expression level of an TSLP-dependent gene; ¢)
mhibits TSLP-induced cell proliferation; d) mhibits TSEP-induced STATS activation; and/or ¢)

mhubits TSLP-induced CCL17 production from primary human dendritic cells.

Pharmaceutical Compositions

TSLP binding antibodies and antibody fragments for use according to the present

disclosure can be formulated in compositions, especially pharmaceutical compositions, for use in
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the methods herein. Such compositions comprise a therapeutically or prophylactically effective
amount of an TSLP binding antibody or antibody fragment of the disclosure in admixture witha
suitable carrier, e.g., a pharmaceutically acceptable agent. Typically, TSLP binding antibodies
and antibody fragments of the disclosure are sufficiently purified for administration to an animal
before formulation n a pharmaceutical composition.

Pharmaceutically acceptable agents include carriers, excipients, diluents, antioxidants,
preservatives, coloring, flavoring and diluting agents, emulsifying agents, suspending agents,
solvents, fillers, bulking agents, buffers, delivery vehicles, tonicity agents, cosolvents, wetting
agents, complexing agents, buffering agents, antimicrobials, and surfactants.

The composition can be i liquid form or in a lyophilized or freeze-dried form and may
nclude one or more lyoprotectants, excipients, surfactants, high molecular weight structural
additives and/or bulking agents.

Compositions can be suitable for parenteral administration. Exemplary compositions are
suitable for injection or infusion into an animal by any route available to the skilled worker, such
as intraarticular, subcutaneous, intravenous, intramuscular, intraperitoneal, intracerebral
(intraparenchymal), intracerebroventricular, imtramuscular, intraocular, intraartenial,

mtralesional, intrarectal, transdermal, oral, and nhaled routes.

Pharmaceutical compositions described herein can be formulated for controlled or
sustained delivery 1n a manner that provides local concentration of the product {e.g., bolus, depot

effect) sustained release and/or increased stability or half-life in a particular local environment.

Methods of Use

The present antibodies and fragments are useful for the prophylaxis and treatment of
TSLP-mediated diseases or medical conditions, e.g., asthina, allergic rhirutis, atopic dermatitis,
allergies, and certain cancers.

One aspect of the disclosure provides a method of treating moderate to severe
uncontrolled asthma, including asthma that s not Th2 driven, by administering to a subject in
need thereof a therapeutically effective amount of any one of the subject antibody or antigen

binding fragment thereof and the subject pharmaceutical composition,
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Another aspect of the disclosure provides a method of treating a fibrotic disease and
related condition, ncluding systemic sclerosis, systemic idiopathic pulmonary fibrosis, and
keloidal disease, by administering to a subject in need thereof a therapeutically effective amount
of any one of the subject antibody or antigen binding fragment thereof and the subject
pharmaceutical composition.

Another aspect of the disclosure provides a method of treating chronic obstructive
pulmonary disease, such as emphysema, chronic bronchitis, and refractory asthma, by
administering to a subject in need of a therapeutically effective amount of any one of the subject

antibody or antigen binding fragment thereof and the subject pharmaceutical composition.

Another aspect of the disclosure provides a method of treating disorders associated with
mflammatory diseases, including rhinitis, atopic dermatitis, eczema, food allergies, and
mflammatory bowel disease; the method comprising administering to a subject in need of a
therapeutically effective amount of any one of the subject antibody or antigen-binding fragments

thereof and the subject pharmaceutical composition.

Another aspect of the disclosure provides a method of treating certain cancers, including
lung, breast, pancreatic, colorectal, lymphoblastic leukemia, head and neck carcinomas; the
method comprising administering to a subject in need of a therapeutically effective amount of
any one of the subject antibody or antigen-binding fragments thereof and the subject
pharmaceutical composition.

An aspect of the disclosure also provides uses of any of the antibodies or antigen binding
fragments thereof provided herein, in a the manufacture of a medicament for blocking the
binding of TSLP to its receptor TLPR, and/or a medicament for the prophylaxis and treatment of
TSLP-mediated diseases or medical conditions such as those provided herein. An aspect of the
disclosure also provides for use of the provided antibodies or antigen binding fragments thereof
for blocking the binding of TSLP to its receptor TLPR and/or for in methods for the prophylaxis
and treatment of TSLP-mediated diseases or medical conditions such as those provided herein.
For example, in embodiments, the disclosure provides uses the antibodies provided heremn in
methods for treating asthma, COPD, idiopathic pulmonary fibrosis, atopic dermatitis, eczema,
eosinophilic esophagitis, inflammatory bowel disease, systemic sclerosis, systemic idiopathic

pulmonary fibrosis, keloidal disease, or cancer.
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In addition to therapeutic uses, the present antibodies and fragments can be used 1n
diagnostic methods to detect TSLP (for example, in a biological sample, such as serum or
plasma}, using a conventional immunoassay, such as an enzyme linked immunosorbent assays
{Rizos C.V .}, an radioimmunoassay (RIA) or tissue immunohistochemistry.

A method for detecting TSLP in a bislogical sample can comprise the steps of contacting
a binlogical sample with one or more of the present antibodies or fragments and detecting etther
the antibody or fragment bound to TSLP or unbound antibody or fragment, to thereby detect
TSLP in the biological sample. The antibody or fragment can be directly or indirectly labelled
with a detectable substance to facilitate detection of the bound or unbound antibody. Suitable
detectable substances include various enzymes, prosthetic groups, fluorescent materials,

fuminescent materials and radicactive materials.

EXAMPLES
The following examples are provided to describe the present disclosure in greater detail.

They are intended to illustrate, not to limit, the present disclosure.

Example 1: TSLP binding affinity for mouse anti-TSLP antitbhody TAV202

TAVO202 was identified as a mouse anti-human TSLP antibody by hybridoma
screening. ELISA-based binding assay was employed to evaluate TAVO202 binding to
recombinant human TSLP. In this assay, | pg/mL recombinant human TSLP (R&D Systems)
were coated on ELISA plate Increasing concentrations of TAVO202 antibodies were applied on
the plate and their binding to the recombinant human TSLP were detected by HRP-conjugated
anti-mouse secondary antibody. It was observed that TAVO202 dose-dependently bound

recombinant human TSLP with ECS0 at 2.4 ng/mb (Figure 1A).

The binding of TAV(202 to moouse TSLP was also evaluated i sioular ELIS A assay by
coating the plate with mouse TSLP (R&D Systems). TAVO202 did not show significant binding
affinity to mouse TSLP (Figure 1B).

Example 2:  in vitro assays for TSLP neutralization by TAV(O202
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A TSLP-mediated cell proliferation assay was developed to assess functional activity
of TAV(202. in this assay, human I1-7 receptor alpha (IL-7Ra) and TSLP receptor
(TSLPR) were co-transfected into BAF3 mouse pro-B cells. Recombinant human TSLP was
added to the transfected cells and cell proliferation was guantitated with a cell proliferation
assay two days later. It was observed that recombinant human TSLP could stimulate the
proliferation of the transfected BAF3 cell line in a dose-dependent manner with EC30 at 0.18
ng/mL (Figure 2A).

To assess the functional activity of TAVQ202, increasing concentrations of
TAVO20Z along with 0.5 ng/mL human TSLP were applied with BAF3 cells co-transtected
with IL-7Ro and TSLPR. It was observed that TAVQ202 could dose-dependently neutralize
TSLP activity in stimulating transfected BAF3 cell proliferation with IC50 at 6.6 ng/mbL
{Figure 2B).

Besides the cell prohiferation assay, a TSLP-driven reporter gene expression assay
was also developed to assess the functional activity of TAV(202. STATS activationisa
downstream event that occurs after TSLP binds to and activates its receptor complex
(TSLPRIL-7Ra). In this assay, plasmids expressing TSLPR, IL-7Ra and a STATS luciferase
reporter construct were transiently transfected into HEK293T cells. One day after transfection,
recombinant human TSLP was added and TSLP-driven luciferase reporter gene expression was
quantitated 24 hours later. 1t was observed that human TSLP could dose-dependently drive
reporter gene expression with EC50 at 1.4 ng/mL (Figure 3A).

To assess the functional activity of TAVQ202, mncreasing concentrations of
TAVO20Z along with 10 ng/mL human TSLP were applied with HEK2937T cells co-
transfected with IL-7Ro, TSLPR and STATS luciferase reporter gene. It was observed that
TAV0O202 dose-dependently neutralized TSLP activity in stimulating reporter gene

expression with IT50 of 20 ng/mL (Figure 3B).

Example 3: Humanization of mouse anti-human TSLP antibody TAYV(202
The mouse anti- human TSLP antibody TAV0202 was humanized by grafting of mouse
CDRs onto human germLine scaffolds. A few key mouse residues were preserved by back

mutations to achieve higher stability and better expression while minimizing immunogenicity.
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For TAV(202, one humanized Vi variant (Z02H2} was designed based on IGHV1-69%02 and
two humanized Vi variants were designed with 20213 and 20214 based on IGKV1-9%01 and
IGKV6-21*01 respectively with a couple of back mutations (Figure 4). By combination of the
humanized Vy variant with the two humanized Vi variants, two humanized TAV(202
antibodies with IgG2 Fc, designated as TAV06264 and TAVO6265, were generated with 202H2
variant pairing with 20213 and 20214 respectively (Figure 4). Likewise, two humanized
TAV0202 antibodies with Ig(G1 Fe with L234F, L235E, D265SA, F405L mutations, designated
as TAV(7264 and TAVO7265, were also generated with 202HZ variant pairing with 20213 and
20214 respectively. Besides, two humanized TAVO202 antibodies with IgGl Fc with L234A,
L235A, M428L, N4348 mutations, designated as TAV09764 and TAV097635, were also
generated with 202H2 variant pairing with 20213 and 20214 respectively (Figure 4).

FExample 4: Expression and purification of humanized TAVO202

Plasmids encoding heavy chains and light chains of TAVOG6264, TAVOG62635,
TAVOT264, TAVOT26S, TAVO9764, TAVO976S were co-transfected into Expi293F cells
following the transfection kit instructions (Thermo Scientific). Cells were spun down five days
post transfection, and the supernatant were passed through a 0.2 pm fidter. The purification of
expressed antibodies in supernatant was carried out by affinity chromatography over protein A
agarose column (GE Healthcare Life Sciences). The purified antibodies were buffer-exchanged
mto DPBS, pH7.2 by dialysis, and protein concentrations were determined by UV absorbance at
280 nm.

The purified humanized TAVO202 antibodies were subjected to SDS-PAGE analysis and
an example for TAVO7264 and TAV(7265 was shown 1n Figure 5SA and 5B. Under the reduced
condition, all four antibodies showed heavy chains and light chains with the expected molecular
weight. Under the non-reduced condition, all four antibodies migrated as a major protein band
with a molecular weight around 150 kDa. The purified humanized TAVQO202 antibodies were
also assessed by Size Exclusion Chromatography (SEC). Figure 5C revealed SEC profiles of

example antibodies TAV(7264 and TAVO7265.

Example 3:  Binding to TSLP by hamanized TAV(202
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ELISA-based binding assays were employed to evalnate humanized TAV(202
antibodies binding to recombinant huoman TSLP antigen. In this assay, 1ug/mL recombinant
human TSLP (R&D Systems) were coated on ELISA plate. Increasing concentrations of
humanized TAVO202 antibodies were applied on the plate and their binding to the recombinant
human TSLP were detected by HRP-conjugated anti-mouse secondary antibody. As an example,
it was observed that TAV(6264 and TAV062635 dose-dependently bound recombinant human
TSLP with similar potency and comparable to the mouse antibody TAVOZ02 (Figure 6A).

The binding of humanized TAVO202 antibodies on Cynomolgus monkey TSLP were
also evaluated in similar ELISA assay by coating the plate with Cynomolgus monkey TSLP.
None of TAVO7264 or TAVO7265 antibodies could bind to monkey TSLP (Figure 6B).

To further measure the binding of humanized antibodies to immobilized recombinant
TSLP, surface plasmon resonance {(SPR) binding assays will be performed using Biacore. This
assay not only can measure binding affinities, but also kinetic rate constants and thermodynamics

of binding.

Example 6:  fn vitro assay for TSLP neutralization by humanized TAVO202 antibedies
The TSLP-driven STATS luciferase reporter gene expression assay was emploved to
assess the functional activity of humanized TAVO202 antibodies. Increasing concentrations
of TAVO6264 and TAVO6265 along with 10 ng/mL human TSLP were applied with
HEK293T cells co-transfected with IL-7Ra, TSLPR and STATS luciferase reporter gene. It
was observed that both TAVO6264 and TAVO6265 could dose-dependently neutralize
TSLP activity in stimulating reporter gene expression with IC50 comparable to TAVO202

(Figure 7).

Example 7: Inhibition of TSLP-mediated dendritic cell activation by humanized
TAY(202

TSLP can stimulate the activation of primary human CD1c¢” blood dendritic cells with the
mcreased secretion of CCL17 chemokine. An ex vivo assay was set up to evaluate the
humanized TAVOQ202 antibodies in neutralizing TSLP-driven CCL17 release from activated

dendritic cells. CD1¢" dendritic cells were isolated from donor peripheral blood mononuclear
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cells (PBMC) by anti-CD1c¢” antibody coated magnetic beads selection (Miltenyi Biotec). The
isolated cells were incubated with recombinant human TSLP and the release of CCL17 was
quantitated by ELISA. It was observed that 15 ng/mkL recombinant human TSLP could stimulate
several folds of enhanced CCL17 release from activated dendritic cells after 48 hours incubation.

Both TAV(7264 and TAV7265 could block TSLP-driven CCL17 release from activated

1 et

with PBMC isolated from two different donors.

Example & ¥, engineering of humanized antibodies for extended half-life and reduced

effector funciions

To improve the PK profile of humanized antibodies, Fc mutations can be introduced to
1gG1 antibody to extend antibody half-life. Specifically, M428E/N434S mutations have been
demonstrated to extend antibody half-life by increasing FcRn binding affinity (Booth,
Ramakrishnan et al. 2018). Furthermore, L234A/L.235A F: mutations can abolish the ADCC and
CDC effector functions of TgGl antibody (Hezareh, Hessell et al. 2001). Therefore, a humanized
1gG1 heavy chain based on 202H1 with L234A/L 235 A/MA281/N434S (AALS) mutations was
generated which comprises sequence set forth as SEQ ID NG. 16, By pairing this Fe-engineered
202H1 heavy cham with either humanized 20213 or 20214 light chain, two humanized
TAVO202 antibodies with extended half-hife and reduced effector funciions, were generated and
designated as TAVO9764 and TAVO9763, respectively {Figure 4).

To study whether the F. engineered antibody has improved FcRu binding affinuty, the
binding by TAV0O9765 and TAV(7265 to mouse FcRu were assessed in ELISA-based binding
assay. | pg/ml recombinant mouse FeRn (R&D Systems) were coated on ELISA plate.
Increasing concentrations of TAV(9765 and TAV(7265 antibodies were applied on the plate
and their binding to the recombinant FcRn under pH 6.0 were detected by HRP-conjugated anti-
human secondary antibody. It was observed that TAV097635, which has the Fc M428L/N4348
mutations, could bind FeRn with about 10-fold better potency than TAV(7265 which 1s lacking
such half-life extension mutations (Figure 9).

To determine whether the M4281L/N4348 mutations could extend circulating half-life of

an anti-TSLP antibody, TAV(9765 was tested in a cynomolgus monkey PK model. TAV(G9765
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was administered as an intravenously infusion at 4 mg/keg into a male naive cynomolgus monkey
at a volume of 1.0 mbi/kg for 3 minutes based on the body weight on day 6. Whole blood was
collected into EDTA-K2 collection tubes at pre-dose, and at 1h, Zh, and on days 2, 5, 9, 12, 16,
21,24, 26,29, 32, 35 post-dose. Plasma was separated by centrifugation at 3500xg for 10
minutes at 4°C, and then transferred to microfuge tubes for storage at -80°C. Plasma samples
were measured by a standard ELISA method to detect human [gG. Goat anti-human IgG was the
capture antibody and HRP conjugated goat anti-human IgG (H+L) was the detection antibody.
Dilution factor for capture and detection antibodies was 13,333 and 30,000, respectively. PK
data was analyzed for half-life; Co, AUC, Vd, and clearance using Winnonlin 6.4 software. The
PK profile of plasma concentration vs time for TAVO97635 is shown in Figure 10. PK
parameters for TAVO9765 were as follows: Co: 131405 ng-mL "}, half-life: 26.131 d, AUCo«:
1268621 ng-d-mL, AUCo.u: 2128728 ng-d-mL, clearance - 1.879 mL ket d!, Vid : 71.049

mL kg
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WHAT IS CLAIMED:

I

b

~3

An isolated antibody or an antigen-binding fragment thereof that specifically binds to
thymic stromal lymphopoietin TSLP and neutralizes, inhibits, blocks, abrogates,
reduces, or interferes with an activity of TSLP.

The antibody or antigen-binding fragment thereof of claim 1, wherein the antibody or
fragment is a mouse monoclonal antibody or antibody fragment with the heavy chain
variable region set forth as SEQ 1D NO: 1 and the light chain variable region set forth
as SEQ ID NO: 2.

The antibody or antigen-binding fragment of claim 1, wherein the antibody or
fragment comprises complementarity determining region {CDR} sequences HCDRI1,
HCDR2, HCDR3 of the heavy chain as according to SEQ D NO: 3, SEQ 1D NO: 4
and SEQ D NO: S, respectively.

The antibody or antigen-binding fragment of claim 1, wherein the antibody or
fragment comprises complementarity determining region (CDR) sequences LCDR1,
LCDR2Z, LCDR3 of the light chain as according to SEQ ID NO: 6, SEQ 1D NO: 7 and
SEQ ID NO: 8, respectively.

The antibody or antigen-binding fragment of claim 1, wherein the antibody or
fragment 1s a humanized antibody or antibody fragment.

The antibody or antigen-binding fragment of claim 5, wherein the humanized
antibody or fragment comprises a heavy chain variable region set forth as SEQ ID
NO: 9.

The antibody or antigen-binding fragment of claim 5, wherein the humanized
antibody or fragment comprises a light chain variable region set forth as SEQ 1D NO:
10,

The antibody or antigen-binding fragment of claim 5, wherein the humanized
antibody or fragment comprises a light chain variable region set forth as SEQ 1D NO:
11

The antibody or antigen-binding fragment of claim 5, wherem the antibody or
fragment comprises complementarity determining region {CDR) sequences HCDR1,

HCDR2, HCDR3 of the heavy chain according to SEQ ID NO: 3, SEQ ID NG 4 and
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10.

It

12.

13.

i4.

5.

i6.

18

19.

SEQ ID NO: 5, respectively, and LCDR1, LCDR2Z, LCDR3 of the light chain
according to SEQ ID NO: 6, SEQ ID NO: 7 and SEQ ID NG 8, respectively, and
wherein the antibody or antigen-binding fragment comprises a heavy chain variable
region having at least 0% sequence 1dentity to SEQ ID NO: 9 and a hight chain
variable region having at least 80% sequence identity to SEQ ID NO: 10 or 11

The antibody or antigen-binding fragment of claim 5, wherein the humanized

antibody comprises a human IgG heavy chain sequence set forth as SEQ 1D NO: 12.
The antibody or antigen-binding fragment of claim 5, wherein the humanized
antibody comprises a human light chain sequence set forth as SEQ D NO: 13,

The antibody or antigen-binding fragment of claim 5, wherein the humanized

anttbody comprises a human light chain sequence set forth as SEQ 1D NO: 14
The antibody or antigen-binding fragment of claim 5, wherein the humanized
antibody comprises a human IgG heavy chain sequence set forth as SEQ ID NO: 15,
The antibody or antigen-binding fragment of claim 5, wherein the humanized
anttbody comprises a human IgG heavy chain sequence set forth as SEQ 1D NO: 16.
The antibody or antigen-binding fragment of claims 1 to 14, wherein the antibody s
an gy, IpGo, 1gGs or IgGa 1sotype.
The antibody or antigen-binding fragment of claims 1 to 14, wherein the antibody has
one or more Fe mutations that extend the half-life of the engineered antibody
compared to the parental wild-type antibody.
The antibody or antigen-binding fragment of claims 1 to 14, wherein the antibody has
one or more Fo mutations that enhance the engineered antibody resistance to
proteolytic degradation by a protease compared to the parental wild-type antibody.
The antibody or antigen-binding fragment of claims 1 to 14, wherein the antibody has
one or more Fe mutations that reduce or eliminate the effector functions of engineered
antibody compared to the parental wild-type antibody.
The antibody or antigen-binding fragment of claims 1 to 14, wherein the antibody has
J234A, 1.235A, M428L and N4348 Fc mutations that extend the half-life and reduce
the effector functions of the engineered antibody, residue numbering according to the

EU Index, compared to the parental wild-type antibody.
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22.

28.
29.

30

The antibody or antigen-binding fragment of claim 5, wherein the humanized
antibody or fragment comprises a human Ig(G1 heavy chain with L234A L.235A,
M428L., N4348 Fc mutations set forth as SEQ ID NO: 16,

The antibody or antigen-binding fragment of claims 1 to 20, wherein the antibody or
fragment blocks the binding of human TSLP to its receptor complex.

The antibody or antigen-binding fragment of claims 1 to 20, wherein the antibody or
fragment neutralizes, reduces, or interferes the functional activity of TSLP to its
receptor complex.

The antibody or antigen-binding fragment of claims 1 to 20, wherein the antthody or
fragment neutralizes the TSLP-driven reporter gene activation in STATS reporter
gene assay.

The antibody or antigen-binding fragment of claims 1 to 20, wherein the antthody or
fragment neutralizes the TSLP-driven proliferation of cells expressing TSLP receptor
complex n cell proliferation assay.

The antibody or antigen-binding fragment of claims 1 to 20, wherein the antthody or
fragment inhibits the TSLP-driven cytokine release from human dendritic cells in
cytokine release assay.

The antibody or antigen-binding fragment of claims 1 to 20, wherein the antibody or
fragment inhibtts the TSLP-driven asthma and lung inflammation in animal asthma

model.

An 1solated polynucleotide encoding the anti-TSLP Ig( antibody thereof as in claims
1-20.

A vector comprising the polynucleotide of claim 27,

The vector of claim 28, which is an expression vector.

A host cell comprising the vector of claim 28 or 29,

A method of producing the anti-TSLP IgG antibody or fragment as in claims 1-20,
comprising culturing the host cell of claim 29 n conditions wherein the anti-TSLP
Ig(3 antibody or fragment 15 expressed, and 1solating the anti-TSLP IgG antibody or

fragment.
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35

36.
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40.

A method of measuring the half-life of the anti-TSLP IgG antibody or fragment as in
claims 1-20.

A method of measuring the resistance to proteoivtic degradation of the anti-TSLP IgG
antibody or fragment as in claims 1-20.

A method of measuring the effector functions of the anti-TSLP IgG antibody or
fragment as in claims 1-20.

A method for treating a TSLP mediated disease or disorder in a subject in need
thereof, comprising administering to the subject an effective amount of the anti-TSLP
IgG antibody or fragment according to claims 1-20.

The method according to claim 35, wherein the TSLP mediated disease or disorder 1s
asthma, including moderate to severe uncontrolled asthma.

The method according to claim 35, wherein the TSLP mediated disease or disorder is
a fibrotic disease and related condition, including systemic sclerosis, systemic
tdiopathic pulmonary fibrosis, and keloidal disease.

The method according to claim 35, wherein the TSLP mediated disease or disorder is
chronic obstructive pulmonary disease, such as emphysema, chronic bronchitis, and
refractory asthma.

The method according to claim 35, wherein the TSLP mediated disease or disorder is
an inflammatory disease, including rhinutis, atopic dermatitis, eczema, systemic
sclerosis, food allergies, and inflammatory bowel disease.

The method according to clanm 35, wherein the TSLP mediated disease or disorder is
certain cancers, including lung, breast, pancreatic, colorectal, lymphoblastic
leukemaa, head and neck carcinomas.

The method according to any one of claims 35-40, further comprising administering a
second agent to the subject in need of treatment.

42. The method of claim 41, wherein the second agent s a selected from the group
consisting of corticosteroid, bronchodilator, antihustamune, anti-leukotriene, PDE-4

mhibttor; anti-cancer drugs, immunomodulatory drugs, and cytokmne therapy drugs.
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Box No.“{, Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

carried out on the basis of a sequence listing:

a. m forming part of the international application as filed:
Iz in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

only in the form of an Annex C/ST.25 text file.

3. Additional comments:

SEQ ID NOs: 1-20 were searched.

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

b. D furnished together with the international application under PCT Rule 13fer: 1(a) for the purposes of international search

c. D furnished subsequent to the international filing date for the purposes of international search only:
E] in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).

I:l on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

2. I:I In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)
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. X

This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims Nos.: 21-42
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

4.[]

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos..

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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According to International Patent Classification (IPC) or to both national classification and IPC
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see Search History document

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the intermational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2018/0327489 A1 (NOVARTIS AG) 15 November 2018 (15.11.2018) entire document 1,5, 15-18

v at9

Y US 2008/0050368 A1 (CELNIKER et al) 28 February 2008 (28.02.2008) entire document 4

Y US 2018/0044427 A1 (JANSSEN BIOTECH, INC.) 15 February 2018 (15.02.2018) entire 19
document
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document

A US 2016/0069900 A1 (AYANOGLU et al) 10 March 2016 (10.03.2016) entire document 1-20

A US 2017/0210797 A1 (BIRD ROCK BIO, INC.) 27 July 2017 (27.07.2017) entire document 1-20

A US 2005/0208042 A1 (CO et al) 22 September 2005 (22.09.2005) entire document 1-20

A US 2017/0002077 A1 (PROTHENA BIOSCIENCES LIMITED et al) 05 January 2017 1-20
(05.01.2017) entire document

A WO 2019/126594 A2 (RADIMMUNE THERAPEUTICS, INC. et al) 27 June 2019 (27.06.2019) 1-20
entire document

A WO 2016/194363 A1 (R-TECH UENO, LTD.) 08 December 2016 (08.12.2016) entire document 1-20

X

Further documents are listed in the continuation of Box C.

E] See patent family annex.
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wpn

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which
is cited to establish t e_ﬁpubllcanon date of another citation or other
special reason (as specified)

documentreferringtoanoral qisclosure, use, exhibition or other means
document published prior to the international filing date but later than
the priority date claimed
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“yr

wy

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search
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