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FIELD OF THE INVENTION

[0001] The present disclosure generally relates to novel anti-human FGFR2b antibodies.

BACKGROUND

[0002] Fibroblast growth factor receptors (FGFR) are transmembrane tyrosine kinases which
are encoded by four structurally related genes (FGFR1 to FGFR4). The FGFRs are
characterized by multiple alternative splicing of their mRNAs, leading to a variety of
1soforms (Ornitz et al, J. Biol. Chem. 271: 15292, 1996; see also UniProtKB P21802 and
1soforms P21802-1 to P21802-23 for sequence of human FGFR2 and 1ts isoforms;
UniProtKB P11362 and 1soforms P11362-1 to P11362-21 for sequence of human FGFR1 and

1ts 1soforms). FGFRs have common structural features which consist of an extracellular
ligand-binding section composed of different I1g-like domains (o 1soform contains all three Ig-
like domains D1, D2, and D3; B 1soform contains only the two Ig-like domains D2 and D3
domains but without D1), a transmembrane domain, and an intracellular tyrosine kinase
catalytic domain. FGFs bind to the receptors primarily through regions in D2 and D3 of the
receptors. In FGFR1- FGFR3, all forms contain the first half of D3, the 1soforms containing
only the first half of D3 are denoted as Illa forms, while two alternative exons can be utilized
for the second half of D3, leading to 11Ib and Illc forms. For example, in FGEFR-1, alternative
splicing of the exon encoding the third Ig-like domain produces the FGFR1111b or FGFR111lc
(or just “FGFR1b” and “FGFRI1c¢”) splice forms, which have distinct ligand-binding
preferences. For FGFR2, these forms are respectively denoted as FGFR2I1Ib and FGFR2IIIc
(or just FGFR2b and FGFR2c). FGFR2b 1s produced only 1n cells of epithelial origin, and
FGEFR2c¢ only 1n mesenchymal cells. The FGFR2b form of FGFR2 1s a high affinity receptor
for FGF1 and 1s the specific receptor for the KGF family members (e.g., FGF 10, FGF22, and
especially FGF7); whereas FGFR2c¢ binds both FGF1 and FGF2 well but does not bind the
KGF family members (Miki et al., Proc. Natl. Acad. Sci. USA 89:246, 1992).

[0003] The FGFs upon binding to the FGFRs mediate a variety of responses in various cell
types including proliferation, migration and differentiation, especially during embryonic
development (Ornitz et al., J. Biol. Chem. 271:15292, 1996), and 1n the adult are involved in
tissue homeostasis and repair. KGF (FGF7) and KGFR (FGFR2I1Ib) are found involved 1n
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various types of cancers such as pancreatic cancer, gastric cancer, ovarian cancer and breast
cancer. FGF7 and FGFR2b are overexpressed in pancreatic cancer (Ishiwata et al., Am. J.
Pathol. 153: 213, 1998), and their co-expression correlates with poor prognosis (Cho et al.,
Am. J. Pathol. 170:1964, 2007). Amplification and overexpression of FGFR2 is strongly
associated with the undifferentiated, diffuse type of gastric cancer, which has a particularly
poor prognosis, and inhibition of the FGFR2 activity by small molecule compounds potently
inhibited proliferation of such cancer cells (Kunii et al., Cancer Res. 68:2340, 2008;
Nakamura et al., Gastroenterol. 131:1530, 2006). FGFR2b ligands FGF1, FGF7 and FGF10
induced proliferation, motility and protection form cell death in EOC cell lines (Steele et al.,
Growth Factors 24:45, 2006), suggesting that FGFR2b may contribute to the malignant
phenotype 1n ovarian cancer. FGFR2b 1s highly expressed in about 5% of breast cancer
(Finch and Rubin 2006) and mediates signaling cascades via MAPK and PI3K (Moffa,
Tannhemmer et al. 2004). Frequent activating FGFR2 mutations (e.g., S252W) are also

discovered to be associated with various cancers.

[0004] Amplification or activation of FGFR1 has been reported in many cancers including
oral squamous cell carcinoma (Freier et al., Oral Oncol. 43(1):60-6, 2007), breast cancer
(Turner et al., Cancer Res. 1;70(5):2085-94, 2010), esophageal squamous cell carcinoma
(Ishizuka et al., Biochem Biophys Res Commun. 9;296(1):152-5, 2002), ovarian cancer
(Gorringe et al., Clin Cancer Res. 15;13(16):4731-9, 2007), bladder cancer (Simon et al.,
Cancer Res. 1;61(11):4514-9, 2001), prostate cancer (Edwards et al., Clin Cancer
Res. 1;9(14):5271-81 2003), and lung cancer, predominantly in the squamous subtype (Dutt
et al., PLoS One. 6(6):¢20351, 2011; Weir et al., Nature. 6;450(7171):893-8, 2007; Weiss et
al., Sc1 Transl Med. 15;2(62):62ra93, 2010).

[0005] There 1s a significant need for novel anti-FGFR2b antibodies. In particular, it 1s
believed that no antibodies have been reported to be capable of binding to both FGFR2b and
FGFR1b.

SUMMARY OF THE INVENTION

¢ 22 ¢¢
d

[0004] Throughout the present disclosure, the articles an,” and “the” are used herein
to refer to one or to more than one (1.e., to at least one) of the grammatical object of the

article. By way of example, “an antibody” means one antibody or more than one antibody.

[0005] The present disclosure provides novel monoclonal anti-FGFR2b antibodies, amino

acid and nucleotide sequences thereof, and uses thereof.
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[0006] In one aspect, the present disclosure provides an isolated anti-FGFR2b antibody,
comprising 1, 2 or 3 heavy chain complementarity determining region (CDR) sequences
selected from the group consisting of SEQ ID NOs: 1, 3 and 5; and/or 1, 2 or 3 light chain
CDR sequences selected from the group consisting of SEQ ID NOs: 2, 4 and 6, wherein the
antibody 1s capable of specifically binding to both FGFR2b and FGFRI1b. In some

embodiments, the antibody provided herein does not have detectable binding affinity to

FGFR2c.

[0007] In some embodiments, the antibody provided herein comprises: a heavy chain
CDR3 of SEQ ID NO: 5, and/or a light chain CDR3 of SEQ ID NO: 6. In some
embodiments, the antibody provided herein comprises: a heavy chain variable region (Vp)
having 1, 2 or 3 heavy chain CDR sequences selected from the group consisting of SEQ 1D
NOs: 1, 3, and 5, and/or a light chain variable region (V) having 1, 2 or 3 light chain CDR
sequences selected from the group consisting of SEQ ID NOs: 2, 4 and 6. In some
embodiments, the antibody provided herein comprises: a heavy chain variable region (Vy)
comprising SEQ ID NOs: 1, 3, and 35, and/or a light chain variable region (Vi) comprising
SEQ ID NOs: 2, 4 and 6.

[0008] In some embodiments, the antibody provided herein comprises: a heavy chain
variable region comprising SEQ ID NOs: 7 or a homologous sequence thereof having at least
80 % sequence 1dentity to SEQ ID NOs: 7. In some embodiments, the antibody provided
herein comprises: a light chain variable region comprising SEQ ID NO: 9 or a homologous
sequence thereof having at least 80% sequence identity SEQ ID NOs: 9. In some
embodiments, the antibody provided herein comprises: a heavy chain variable region

comprising SEQ ID NO: 7 and a light chain variable region comprising SEQ ID NO: 9.

[0009] In some embodiments, the antibody provided herein further comprises one or more
amino acid residue substitutions or modifications yet retains specific binding affinity to
FGFR2b and/or to FGFR1b. In some embodiments, the at least one of the substitutions or
modifications 1s in one or more of the CDR sequences, and/or 1in one or more of the Vy and
VL sequences, or 1n one or more of the Vy and Vi sequences but outside any of the CDR

SCqUCNCCS.

[00010] In some embodiments, the antibody provided herein further comprises an
immunoglobulin constant region, optionally a constant region of human immunoglobulin,

preferably a constant region of human IgG, more preferably a constant region of human IgG1.
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[00011] In some embodiments, the antibody provided herein further comprises within its
constant region one or more modifications which: a) introduces or removes a glycosylation
site, b) introduces a free cysteine residue, ¢) enhances binding to an activating Fc receptor,

and/or d) enhances antibody-dependent cellular cytotoxicity (ADCC).

[00012] In some embodiments, the antibody provided herein 1s glyco-engineered. In some
embodiments, the antibody provided herein 1s afucosylated. In some embodiments, the
atucosylated antibody provided herein lacks fucose at Asn297. In some specific embodiments,
the glyco-engineered antibody exhibits enhanced ADCC activity than its non-engineered
counterpart. In some embodiments, the antibody provided herein 1s a chimeric antibody. In

some other embodiments, the antibody provided herein 1s a humanized antibody.

[00013] In some embodiments, the antibody provided herein i1s linked to one or more
conjugate moieties. In certain embodiments, the conjugate moiety comprises a therapeutic
agent, a radioactive 1sotope, a detectable label, a pharmacokinetic modifying moiety, or a
purifying moiety. In some embodiments, the conjugate moiety 1s covalently attached either

directly or via a linker.

[00014] In another aspect, the present disclosure further provides isolated antibodies or
antigen binding fragment thereof, which competes for binding to FGFR2b and/or FGFR 1b
with the antibody described above.

[00015] In one aspect, the present disclosure provides an 1solated polynucleotide encoding
the antibody provided herein. In some embodiments, the 1solated polynucleotide comprises a
nucleotide sequence selected from a group consisting of SEQ ID NOs: 8, 10, or a
homologous sequence thereof having at least 80% sequence 1dentity to SEQ ID NOs: 8 to 10.

In some embodiments, the homologue sequence encodes the same protein as encoded by SEQ

ID NOs: 8 or 10.

[00016] In another aspect, the present disclosure provides an expression vector comprising

the 1solated polynucleotide provided herein.

[00017] In yet another aspect, the present disclosure provides a host cell comprising the

expression vector of the present disclosure.

[00018] In yet another aspect, the present disclosure provides a method of producing the

antibody provided herein. In some embodiments, the method comprises culturing the host

cell of the present disclosure under the condition at which the expression vector of the present
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disclosure 1s expressed. In some embodiments, the method further comprises purifying the

antibody produced by the host cell.

[00019] In yet another aspect, the present disclosure provides a pharmaceutical composition

comprising the antibody provided herein, and a pharmaceutically acceptable carrier.

[00020] In another aspect, the present disclosure provides a method of treating a FGFR2b-
and/or FGFR1b-related disease or condition in a subject, comprising administering a
therapeutically effective amount of the antibody or the pharmaceutical composition of the

present disclosure.

[00021] In some embodiments, the disease or condition 1s cancer, and optionally the cancer

1s characterized 1n expressing or over-expressing FGFR2b and/or FGFR 1b.

[00022] In some embodiments, the administration 1s via oral, nasal, intravenous,
subcutaneous, sublingual, or intramuscular administration. In some embodiments, the subject

1S human.

[00023] In another aspect, the present disclosure provides a method of detecting the
presence or amount of FGFR2b and/or FGFR1b 1n a sample, comprising contacting the

sample with the antibody of the present disclosure, and determining the presence or the

amount of FGFR2b and/or FGFR1b 1n the sample.

[00024] In another aspect, the present disclosure provides a method of diagnosing a
FGFR2b- and/or FGFR 1b-related disease or condition 1n a subject, comprising: a) contacting
a sample obtained from the subject with the antibody of the present disclosure; b)
determining the presence or amount of FGFR2b and/or FGFR1b 1n the sample; ¢) correlating
the presence or the amount of FGFR2b and/or FGFR1b to existence or status of the FGFR2b-

and/or FGFR 1b-related disease or condition in the subject.

[00025] In another aspect, the present disclosure provides methods of prognosing a
FGEFR2b- and/or FGFR1b-related disease or condition 1n a subject, comprising: a) contacting
a sample obtained from the subject with the antibody of the present disclosure; b)
determining the presence or amount of FGFR2b and/or FGFR1b 1n the sample; ¢) correlating
the presence or the amount of FGFR2b and/or FGFR1b to potential responsiveness of the
subject to a FGFR2b and/or a FGFR1b antagonist.
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[00026] In another aspect, the present disclosure provides use of the antibody of the present
disclosure 1n the manufacture of a medicament for treating a disease or condition that would

benefit from modulation of FGFR2b and/or FGFR 1b expression 1n a subject.

[00027] In another aspect, the present disclosure provides use of the antibody of the present
disclosure 1n the manufacture of a diagnostic reagent for detecting FGFR2b and/or FGFR1b

related disease or condition.

[00028] In yet another aspect, the present disclosure provides kits for detecting FGFR2b
and/or FGFR1b, comprising the antibody of the present disclosure.

BRIEF DESCFRIPTION OF THE DRAWINGS

[00029] FIG. 1. Biacore binding K,, K, and affinity Kp of Ab 26c¢ (denoted as “26¢” in the
figures) to human FGFR2b or human FGFR1b with FPA144 as control antibody for reference
comparison.

[00030] FIG. 2. Flow cytometry of dose-dependent binding of the chimeric Ab26¢ to
FGFR2b on KATOIII cells.

[00031] FIG. 3. Cross-species binding of the Ab 26¢ to human, cynomolgus, and rat/mouse
FGFR2b.

[00032] FIG. 4. Binding selectivity of the mouse Ab 26 to various family members of
human FGFRs.

[00033] FIG. 5. Inhibition of FGF7-induced cell proliferation of Ba/F3 cells stably
transfected with human FGFR2b by the Ab 26¢ with 1sotype human IgG1 as negative control.
[00034] FIG. 6. The dose-dependent down-regulation of FGFR2b phosphorylation and its
downstream target ERK phosphorylation by the Ab 26c.

[00035] FIG. 7. ADCC activity of Ab 26¢ against KATOIII cells.

[00036] FIG. 8. In vivo antitumor efficacy of 26¢ at 10 mg/kg 1.p. dosed twice a week 1n a

LCO38 patient-derived-xenograft lung cancer model. FPA 144 used as comparison.

DETAILED DESCRIPTION OF THE INVENTION

[00037] The following description of the disclosure 1s merely intended to illustrate various
embodiments of the disclosure. As such, the specific modifications discussed are not to be
construed as limitations on the scope of the disclosure. It will be apparent to one skilled 1n
the art that various equivalents, changes, and modifications may be made without departing

from the scope of the disclosure, and 1t 1s understood that such equivalent embodiments are to
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be included herein. All references cited herein, including publications, patents and patent

applications are incorporated herein by reference in their entirety.

[00038] Definitions

[00039] The term “antibody” as used herein includes any immunoglobulin, monoclonal
antibody, polyclonal antibody, multivalent antibody, bivalent antibody, monovalent antibody,
multispecific antibody, bispecific antibody as well as the antigen-binding fragment thereof
that binds to a specific antigen. A native intact antibody comprises two heavy (H) chains and
two light (L) chains. Mammalian heavy chains are classified as alpha, delta, epsilon, gamma,
and mu, each heavy chain consists of a variable region (Vy) and a first, second, and third
constant region (Cyy, Cr, Cus, respectively); mammalian light chains are classified as A or «,
while each light chain consists of a variable region (V) and a constant region. The antibody
has a “Y” shape, with the stem of the Y consisting of the second and third constant regions of
two heavy chains bound together via disulfide bonding. Each arm of the Y includes the
variable region and first constant region of a single heavy chain bound to the variable and
constant regions of a single light chain. The variable regions of the light and heavy chains
are responsible for antigen binding. The variable regions 1n both chains generally contain
three highly variable loops called the complementarity determining regions (CDRs) (light
chain CDRs including LCDR1, LCDR2, and LCDR3, heavy chain CDRs including HCDRI,
HCDR2, HCDR3). CDR boundaries for the antibodies disclosed herein may be defined or
identified by the conventions of Kabat, IMGT, Chothia, or Al-Lazikani (Al-Lazikani, B.,
Chothia, C., Lesk, A. M., J. Mol. Biol., 273(4), 927 (1997); Chothia, C. et al., J] Mol Biol.
Dec 5;186(3):651-63 (1985); Chothia, C. and Lesk, A.M., J.Mol.Biol., 196,901 (1987);
Chothia, C. et al., Nature. Dec 21-28;342(6252):877-83 (1989) ; Kabat E.A. et al., National
Institutes of Health, Bethesda, Md. (1991); Marie-Paule Lefranc et al, Developmental and
Comparative Immunology, 27: 55-77 (2003); Marie-Paule Lefranc et al, Immunome
Research, 1(3), (2005); Marie-Paule Lefranc, Molecular Biology of B cells (second edition),
chapter 26, 481-514, (2015)). The three CDRs are interposed between flanking stretches
known as framework regions (FRs), which are more highly conserved than the CDRs and
form a scaffold to support the hypervariable loops. The constant regions of the heavy and
light chains are not involved 1n antigen-binding, but exhibit various effector functions.
Antibodies are assigned to classes based on the amino acid sequence of the constant region of
their heavy chain. The five major classes or 1sotypes of antibodies are IgA, 1gD, 1gE, I1gG,

and IgM, which are characterized by the presence of alpha, delta, epsilon, gamma, and mu
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heavy chains, respectively. Several of the major antibody classes are divided into subclasses
such as IgG1l (gammal heavy chain), IgG2 (gammaZ2 heavy chain), IgG3 (gamma3 heavy
chain), IgG4 (gammad heavy chain), IgA1 (alphal heavy chain), or IgA2 (alpha2 heavy

chain).

[00040] The term “antigen-binding fragment™ as used herein refers to an antibody fragment
formed from a portion of an intact antibody comprising one or more CDRs, or any other
antibody fragment that can bind to an antigen but does not comprise an intact native antibody
structure. Examples of antigen-binding fragment include, without limitation, a diabody, a
Fab, a Fab', a F(ab'),, an Fv fragment, a disulfide stabilized Fv fragment (dsFv), a (dsFv),, a
bispecific dsFv (dsFv-dsFv'), a disulfide stabilized diabody (ds diabody), a single-chain
antibody molecule (scFv), single-chain Fv-Fc antibody (scFv-Fc), an scFv dimer (bivalent
diabody), a bispecific antibody, a multispecific antibody, a camelized single domain antibody,
a nanobody, a domain antibody, and a bivalent domain antibody. An antigen-binding

fragment 1s capable of binding to the same antigen to which the parent antibody binds.

[00041] “Fab” with regard to an antibody refers to that portion of the antibody consisting of

a single light chain (both variable and constant regions) bound to the variable region and first

constant region of a single heavy chain by a disulfide bond.
[00042] “Fab’ ” refers to a Fab fragment that includes a portion of the hinge region.

[00043] “F(ab’),”’refers to a dimer of Fab’. “Fv” with regard to an antibody refers to the
smallest fragment of the antibody to bear the complete antigen-binding site. An Fv fragment
consists of the variable region of a single light chain bound to the variable region of a single

heavy chain.

[00044] A “dsFv” refers to a disulfide-stabilized Fv {fragment that the linkage between the
variable region of a single light chain and the variable region of a single heavy chain 1s a
disulfide bond. In some embodiments, a “(dsFv),” or “(dsFv-dsFv')” comprises three peptide
chains: two Vy moieties linked by a peptide linker (e.g., a long flexible linker) and bound to
two Vi moieties, respectively, via disulfide bridges. In some embodiments, dsFv-dsFv' 1s

bispecific in which each disulfide paired heavy and light chain has a different antigen

specificity.

[00045] “Single-chain Fv antibody™ or “scFv” refers to an engineered antibody consisting of

a light chain variable region and a heavy chain variable region connected to one another
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directly or via a peptide linker sequence (Huston JS er al. Proc Natl Acad Sc1 USA,
83:5879(1988)).

[00046] “Fc” with regard to an antibody refers to that portion of the antibody consisting of
the second and third constant regions of a first heavy chain bound to the second and third
constant regions of a second heavy chain via disulfide bonding. The Fc portion of the
antibody 1s responsible for various effector functions such as antibody-dependent cell-
mediated cytotoxicity (ADCC), and complement dependent cytotoxicity (CDC), but does not

function 1n antigen binding.

[00047] “Single-chain Fv-Fc antibody” or “scFv-Fc” refers to an engineered antibody

consisting of a scFv connected to the Fc region of an antibody.

[00048] “Camelized single domain antibody,” “heavy chain antibody,” or “HCADb” refers to
an antibody that contains two Vy domains and no light chains (Riechmann L. and
Muyldermans S., J Immunol Methods. Dec 10;231(1-2):25-38 (1999); Muyldermans S., J
Biotechnol. Jun;74(4):277-302 (2001); WQ094/04678; WO094/25591; U.S. Patent No.
6,005,079). Heavy chain antibodies were originally derived from Camelidae (camels,
dromedaries, and llamas). Although devoid of light chains, camelized antibodies have an
authentic antigen-binding repertoire (Hamers-Casterman C. er al., Nature. Jun
3;363(6428):446-8 (1993); Nguyen VK. er al. “Heavy-chain antibodies in Camelidae; a case
of evolutionary innovation,” Immunogenetics. Apr;34(1):39-47 (2002); Nguyen VK. et
al.Immunology. May;109(1):93-101 (2003)). The variable domain of a heavy chain antibody
(VHH domain) represents the smallest known antigen-binding unit generated by adaptive
immune responses (Koch-Nolte F. er al., FASEB J. Nov;21(13):3490-8. Epub 2007 Jun 15
(2007) ).

[00049] A “nanobody” refers to an antibody fragment that consists of one VH domain from

a heavy chain antibody of a conventional 1gG, and two heavy chain constant domains, for

example CH2 and CH3.

[00050] “Diabodies” or “dAbs” include small antibody fragments with two antigen-binding
sites, wherein the fragments comprise a Vg domain connected to a Vi domain 1n the same
polypeptide chain (Vy-Vi or Vi-Vp) (see, e.g., Holliger P. er al., Proc Natl Acad Sc1 U S A.
Jul 15;90(14):6444-8 (1993); EP404097; W(O93/11161). By using a linker that 1s too short to
allow pairing between the two domains on the same chain, the domains are forced to pair

with the complementary domains of another chain, thereby creating two antigen-binding sites.
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The antigen—binding sites may target the same or different antigens (or epitopes). In certain
embodiments, a “bispecific ds diabody” 1s a diabody target two different antigens (or
epitopes). In certain embodiments, a “scFv dimer” 1s a bivalent diabody or bivalent ScFv
(BsFv) comprising Vy-V. (linked by a peptide linker) dimerized with another Vy-V . moiety
such that Vy's of one moiety coordinate with the Vi's of the other moiety and form two
binding sites which can target the same antigens (or epitopes) or different antigens (or
epitopes). In other embodiments, a “scFv dimer” 1s a bispecific diabody comprising Vyi-Vio
(linked by a peptide linker) associated with V-V (also linked by a peptide linker) such
that Vy; and Vi coordinate and Vi and Vi; coordinate and each coordinated pair has a

different antigen specificity.

[00051] In certain embodiments, a “scFv dimer” 1s a bivalent diabody or bivalent ScFv
(BsFv) comprising Vy-V. (linked by a peptide linker) dimerized with another Vy-V | moiety
such that Vy's of one moiety coordinate with the Vi's of the other moiety and form two
binding sites which can target the same antigens (or epitopes) or different antigens (or
epitopes). In other embodiments, a “scFv dimer” 1s a bispecific diabody comprising Vyi-Via
(linked by a peptide linker) associated with V-V, (also linked by a peptide linker) such
that Vy; and Vi coordinate and Vi and Vi; coordinate and each coordinated pair has a

different antigen specificity.

[00052] A “domain antibody” refers to an antibody fragment containing only the variable
region of a heavy chain or the variable region of a light chain. In certain instances, two or
more Vy domains are covalently joined with a peptide linker to create a bivalent or
multivalent domain antibody. The two Vy domains of a bivalent domain antibody may target

the same or different antigens.

[00053] The term “chimeric™ as used herein, means an antibody or antigen-binding fragment,
having a portion of heavy and/or light chain derived from one species, and the rest of the
heavy and/or light chain derived from a different species. In an illustrative example, a
chimeric antibody may comprise a constant region derived from human and a variable region
from a non-human animal such as mouse. In some embodiments, the non-human animal 1s a

mammal, for example, a mouse, a rat, a rabbit, a goat, a sheep, a guinea p1g, or a hamster.

[00054] The term “humanized” as used herein means that the antibody or antigen-binding
fragment comprises CDRs derived from non-human animals, FR regions derived from human,

and when applicable, the constant regions are derived from human.

10



WO 2021/129656 PCT/CN2020/138591

[00055] The term “bivalent” as used herein refers to an antibody or an antigen-binding
fragment having two antigen-binding sites; the term “monovalent” refers to an antibody or an
antigen-binding fragment having only one single antigen-binding site; and the term
“multivalent” refers to an antibody or an antigen-binding fragment having multiple antigen-

binding sites.

[00056] As used herein, a “bispecific” antibody refers to an artificial antibody or an antigen-
binding fragment which has fragments derived from two different monoclonal antibodies and
1S capable of binding to two different epitopes. The two epitopes may present on the same

antigen, or they may present on two different antigens.

[00057] Unless otherwise specified, the term “FGFR” as used herein encompasses any or all
of the fibroblast growth factor receptor family members (FGFR1-FGEFR4), and 1s intended to
encompass any form of FGFRs, for example, 1) native unprocessed FGFR molecules, “full-
length” FGFR chains or naturally occurring variants of FGFRs, including, for example,
allelic variants; 2) any form of FGFR that results from processing in the cell, e.g. different
splicing forms, for example, FGFR1b, FGFR1c, FGFR2a, FGFR2b, FGFR2c and the like; or
3) a fragment (e.g., a truncated form, an extracellular/transmembrane domain) or a moditied
form (e.g. a mutated form, a glycosylated/PEGylated, a His-tag/immunofluorescence fused
form) of FGFR subunit generated through recombinant methods. “FGFR” as used herein can
be derived from any vertebrate source, including mammals such as primates (e.g. humans,

monkeys) and rodents (e.g., mice and rats).

[00058] The term “FGFR2IIIb” and “FGFR2b” are used interchangeably to refer to the
subtype 11Ib splice form of FGFR2. Exemplary sequences of FGFR2b include Homo sapiens
(human) FGFR2b protein (e.g., precursor sequence with signal peptide, Genbank accession
number: NP_075259.4); Rattus norvegicus (Rat) FGFR2b protein (e.g., full sequence,
Genbank accession number: NP_001103363.1); Mus musculus (mouse) FGFR2b protein (e.g.,
full sequence, Genbank accession number: NP_963895.2).

[00059] “FGFR2IIIc” or “FGFR2¢” are used interchangeably to refer to the subtype Illc
splice form of FGFR2. Exemplary sequences of FGFR2c¢ include human FGFR2c¢ protein
(e.g., precursor sequence, Genbank accession number: NP_000132.3); Rattus norvegicus (Rat)

FGFR2c¢ protein (full sequence, Genbank accession number: NP_001103362.1); Mus

musculus (mouse) FGFR2c¢ protein (full sequence, Genbank accession number:

NP_034337.2).
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[00060] The term “FGFRI1IIIbb” and “FGFRI1b” are used interchangeably to refer to the
subtype 11Ib splice form of FGFR1. Exemplary sequences of FGFR1b include Homo sapiens
(human) FGFR1b protein (e.g., precursor sequence with signal peptide, UniProtKB accession
number: P11362-19); Mus musculus (mouse) FGFR1b protein (e.g., precursor sequence with

signal peptide, UniProtKB accession number: P16092-5).

[00061] The term “anti-FGFR2b antibody” refers to an antibody that 1s capable of
specifically binding to FGFR2b. In some embodiments, the anti-FGFR2b antibodies provided
herein are capable of specifically binding to both FGFR2b and FGFR1b, but does not bind to
FGFR2c¢ and FGFR1c, or bind less well to FGFR2¢ and FGFR1c¢ (e.g., the binding affinity to
FGFR2c or FGFR 1c 1s at least 10-fold lower than that to FGFR2b or FGFR1b, or at least 50-
fold lower, or at least 100-fold lower, or at least 200-fold lower). In some embodiments, the

anti-FGFR2b antibodies provided herein do not have detectable binding atfinity to FGFR2c.

[00062] The term “specific binding” or “specifically binds™ as used herein refers to a non-
random binding reaction between two molecules, such as for example between an antibody
and an antigen. Binding affinity of, the antibody and antigen-binding fragment provided
herein can be represented by Kp value, which represents the ratio of dissociation rate to
association rate (kof/kon) when the binding between the antigen and antigen-binding molecule
(e.g. the antibody and antigen-binding fragment) reaches equilibrium. The antigen-binding
atfinity (e.g. Kp) can be appropriately determined using suitable methods 1n the art, including,
for example, Biacore techniques (which 1s based on surface plasmon resonance technology,
see, for example, Murphy, M. et al, Current protocols 1n protein science, Chapter 19, unit
19.14, 2006), Kinexa techniques (see, for example, Darling, R. J., et al, Assay Drug Dev.
Technol., 2(6): 647-657 (2004)), and flow cytometry.

[00063] The ability to “compete for binding” as used herein refers to the ability of an
antibody or antigen-binding fragment to 1nhibit the binding interaction between two
molecules (e.g. human FGFR2b and an anti-FGFR2b antibody) to any detectable degree (e.g.
by at least 85%, or at least 90%, or at least 95%).

[00064] Those skilled 1n the art will recognize that it 1s possible to determine, without undue
experimentation, 1if a given antibody competes for binding to FGFR 2b and/or to FGFR1b
with the antibody of present disclosure (e.g., Ab 26, or Ab 26¢, defined below).

[00065] The term “epitope” as used herein refers to the specific group of atoms or amino

acids on an antigen to which an antibody binds.
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[00066] A “‘conservative substitution” with reference to amino acid sequence refers to
replacing an amino acid residue with a different amino acid residue having a side chain with
similar physiochemical properties. For example, conservative substitutions can be made
among amino acid residues with hydrophobic side chains (e.g. Met, Ala, Val, Leu, and lle),
among residues with neutral hydrophilic side chains (e.g. Cys, Ser, Thr, Asn and Gln), among
residues with acidic side chains (e.g. Asp, Glu), among amino acids with basic side chains
(e.g. His, Lys, and Arg), or among residues with aromatic side chains (e.g. Trp, Tyr, and Phe).
As known 1n the art, conservative substitution usually does not cause significant change in
the protein conformational structure, and therefore could retain the biological activity of a

protein.

[00067] The term “homologue” and “homologous™ as used herein are interchangeable and
refer to nucleic acid sequences (or its complementary strand) or amino acid sequences that

have sequence 1dentity of at least 80% (e.g., at least 85%, 88%, 90%, 91%, 92%, 93%, 94 %,
95%, 96%, 971%, 98%, or 99%) to another sequences when optimally aligned.

[00068] ““‘Percent (%) sequence i1dentity” with respect to amino acid sequence (or nucleic
acid sequence) 1s defined as the percentage of amino acid (or nucleic acid) residues in a
candidate sequence that are identical to the amino acid (or nucleic acid) residues 1n a
reference sequence, after aligning the sequences and, 1if necessary, introducing gaps, to
achieve the maximum number of identical amino acids (or nucleic acids). Conservative
substitution of the amino acid residues may or may not be considered as identical residues.
Alignment for purposes of determining percent amino acid (or nucleic acid) sequence 1dentity
can be achieved, for example, using publicly available tools such as BLASTN, BLASTp
(available on the website of U.S. National Center for Biotechnology Information (NCBI), see
also, Altschul S.F. et al, J. Mol. Biol., 215:403-410 (1990); Stephen F. et al, Nucleic Acids
Res., 25:3389-3402 (1997)), ClustalW2 (available on the website of European
Bioinformatics Institute, see also, Higgins D.G. et al, Methods in Enzymology, 266:383-402
(1996); Larkin M.A. et al, Bioinformatics (Oxford, England), 23(21): 2947-8 (2007)), and
ALIGN or Megalign (DNASTAR) software. Those skilled in the art may use the default
parameters provided by the tool, or may customize the parameters as appropriate for the

alignment, such as for example, by selecting a suitable algorithm.

[00069] An “1solated” substance has been altered by the hand of man from the natural state.
If an “1solated” composition or substance occurs in nature, 1t has been changed or removed

from 1ts original environment, or both. For example, a polynucleotide or a polypeptide
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naturally present in a living animal 1s not “isolated,” but the same polynucleotide or
polypeptide 1s “1solated” 1f 1t has been sufficiently separated from the coexisting materials of
its natural state so as to exist in a substantially pure state. An “1solated polynucleotide
sequence” refers to the sequence of an 1solated polynucleotide molecule. In certain
embodiments, an “1solated antibody” refers to the antibody having a purity of at least 60%,
710%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 1%, 92%, 93%,
949%, 95%, 96%, 97%, 98%, or 99% as determined by electrophoretic methods (such as SDS-
PAGE, 1soelectric focusing, capillary electrophoresis), or chromatographic methods (such as

1on exchange chromatography or reverse phase HPLC).

[00070] “Eftector functions” as used herein refer to biological activities attributable to the
binding of Fc region of an antibody to 1its effectors such as C1 complex and Fc receptor.
Exemplary effector functions include: complement dependent cytotoxicity (CDC) induced by
interaction of antibodies and Clq on the C1 complex; antibody-dependent cell-mediated
cytotoxicity (ADCC) induced by binding of Fc region of an antibody to Fc receptor on an

effector cell; and phagocytosis.

[00071] “Antibody-dependent cell-mediated cytotoxicity” and “ADCC” refer to a cell-
mediated reaction in which effector cells that express Fc receptors (FcRs) recognize bound
antibody or antigen-binding fragment on a target cell and subsequently cause lysis of the
target cell. “ADCC activity” refers to the ability of the antibody or antigen-binding fragment

which 1s bound on the target cell to elicit an ADCC reaction as described above.

[00072] “Target cells” are cells to which antibodies comprising an Fc region specifically
bind, generally via the protein part that 1s C-terminal to the Fc region. “Effector cells” are
leukocytes which express one or more Fc receptors and perform effector functions.
Preferably, the cells express at least FcyRIII and perform ADCC etftector function. Examples
of human leukocytes which mediate ADCC include peripheral blood mononuclear cells
(PBMCs), natural killer (NK) cells, monocytes, cytotoxic T cells and neutrophils; with
PBMCs and NK cells being preferred. The etfector cells may be 1solated from a native source

thereof, e.g., from blood or PBMCs as 1s known 1n the art.

[00073] As used herein a “vector” refers to a polynucleotide molecule which enables
replicating/cloning of a desired nucleic acid fragment contained therein, or enables
expressing of a protein encoded by such desired nucleic acid fragment as introduced 1nto an

appropriate cell host. Vectors include both cloning vectors and expression vectors. The term
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“expression vector” as used herein refers to a vehicle into which a polynucleotide encoding a
protein may be operably inserted so as to bring about the expression of that protein. An
expression vector may contain a variety of elements for controlling expression, including
promoter sequences, transcription initiation sequences, enhancer sequences, selectable

elements, and reporter genes. In addition, the vector may contain an origin of replication.

[00074] The phrase “host cell” as used herein refers to a cell into which an exogenous

polynucleotide and/or a vector has been introduced.

[00075] “Treating” or “treatment” of a condition as used herein includes preventing or
alleviating a condition, slowing the onset or rate of development of a condition, reducing the
risk of developing a condition, preventing or delaying the development of symptoms
associated with a condition, reducing or ending symptoms associated with a condition,
generating a complete or partial regression of a condition, curing a condition, or some

combination thereof.

[00076] A “FGFR 2b- and/or FGFR 1b-related” disease or condition as used herein refers to
any disease or condition that 1s susceptible to treatment with an FGFR2b modulator and/or an
FGEFR 1b modulator, or 1s associated with expression or FGFR mutation or FGFR activities.
In some embodiments, the FGFR 2b- and/or FGFR 1b- related disease or condition 1s cancer,
and optionally a cancer which 1s positive for FGFR2b and/or FGFR 1b expression or elevated
expression.

[00077] “Cancer” as used herein refers to any medical condition characterized by malignant
cell growth or neoplasm, abnormal proliferation, infiltration or metastasis, and includes both
solid tumors and non-solid cancers. As used herein “solid tumor” refers to a solid mass of
neoplastic and/or malignant cells. “Non-solid cancer” refers to hematologic malignancies
such as leukemia, lymphoma, myeloma and other hematologic malignancies. Examples of
cancer or tumor include hematological malignancies (for example, lymphoma, Hodgkin's
lymphoma, non-Hodgkin's lymphoma and B-cell lymphoma), oral carcinomas (for example
of the lip, tongue or pharynx), tumors 1n digestive organs (for example esophagus, stomach,
small i1ntestine, colon, large intestine, or rectum), peritoneum, liver and biliary passages,
pancreas, respiratory system such as larynx or lung (small cell and non-small cell), bone,
connective tissue, skin (e.g., melanoma), breast, reproductive organs (fallopian tube, uterus,
cervix, testicles, ovary, or prostate), urinary tract (e.g., bladder or kidney), brain and
endocrine glands such as the thyroid. In certain embodiments, the cancer 1s selected from

ovarian cancer, endometrial cancer, breast cancer, lung cancer (small cell or non-small cell),
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bladder cancer, colon cancer, prostate cancer, cervical cancer, colorectal cancer, pancreatic
cancer, gastric cancer, esophageal cancer, hepatocellular carcinoma (liver cancer), renal cell
carcinoma (kidney cancer), head-and-neck cancer, mesothelioma, melanoma, sarcomas, brain

and tumors (e.g., gliomas, such as glioblastomas).

[00078] The term “pharmaceutically acceptable” indicates that the designated carrier,
vehicle, diluent, excipient(s), and/or salt 1s generally chemically and/or physically compatible
with the other ingredients comprising the formulation, and physiologically compatible with

the recipient thereof.

[00079] Anti-FGER2b antibodies

[00080] The present disclosure provides anti-FGFR2b antibodies comprising one or more
(e.g. 1,2,3,4, 35, or 6) CDR sequences of Ab 26. Table 1 shows the CDR sequences of Ab 26.
The term “Ab “26” as used herein refers to a mouse monoclonal antibody having a heavy
chain variable region of SEQ ID NO: 7, and a light chain variable region of SEQ ID NO: 9.
Ab 26 specifically binds to both FGFR2b and FGFR1b.

[00081] Table 1. CDR amino acid sequences of Ab 26

HCDR1 HCDR2 HCDR3

Ab 26 SEQ ID NO: 1 SEQ ID NO: 3 SEQ ID NO: 5
SGYYW YITYDGSNNYNPSLKN VYYYGSGNFDV
LCDRI1 LCDR2 LCDR3
SEQ ID NO: 2 SEQ ID NO: 4 SEQ ID NO: 6
KASQSVSNDVA | YASNRYT HQDHTSPFT

[00082] CDRs are known to be responsible for antigen binding, however, 1t has been found
that not all of the 6 CDRs are indispensable or unchangeable. In other words, it 1s possible to

replace or change or modify one or more CDRs 1in Ab 26, yet substantially retain the specific

binding affinity to FGFR, in particular, to FGFR2b and FGFR1b.

[00083] In certain embodiments, the anti-FGFR2b antibodies provided herein may comprise
one or more modifications or substitutions 1n one or more CDR regions as provided in Table
1. Such variants retain specific binding affinity to FGFR2b and/or FGFR1b of their parent
antibody, but may have one or more improvement in properties such as higher antigen-

binding affinity or reduced likelihood of glycosylation.

[00084] In certain embodiments, the anti-FGFR2b antibodies provided herein comprise a
heavy chain CDR3 sequence of SEQ ID NO: 5, and optionally a light chain CDR3 of SEQ 1D
NO: 6. The heavy chain CDR3 region 1s located at the center of the antigen-binding site, and
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therefore 1s believed to make the most contact with antigen and provide the most free energy
to the affinity of antibody to antigen. It 1s also believed that the heavy chain CDR3 1s by far
the most diverse CDR of the antigen-binding site in terms of length, amino acid composition
and conformation by multiple diversification mechanisms (Tonegawa S. Nature. 302:575-81.
(1983)). The diversity in the heavy chain CDR3 1s sufficient to produce most antibody
specificities (Xu JL, Davis MM. Immunity. 13:37-45 (2000)) as well as desirable antigen-
binding affinity (Schier R, etc. J Mol Biol. 263:551-67 (1996)).

[00085] In certain embodiments, the anti-FGFR2b antibodies provided herein further
comprise suitable framework region (FR) sequences, as long as the antibodies can
specifically bind to FGFR2b and/or FGFR1b. The CDR sequences provided in Table 1 are
obtained from a mouse antibody, but they can be grafted to any suitable FR sequences of any
suitable species such as mouse, human, rat, rabbit, among others, using suitable methods

known 1n the art such as recombinant techniques.

[00086] In certain embodiments, the anti-FGFR2b antibodies provided herein further
comprise an 1mmunoglobulin constant region, optionally a human 1mmunoglobulin,
optionally a human IgG. In some embodiments, an immunoglobulin constant region
comprises a heavy chain and/or a light chain constant region. The heavy chain constant
region comprises CHI, hinge, and/or CH2-CH3 regions. In certain embodiments, the heavy
chain constant region comprises a Fc region. In certain embodiments, the light chain constant

region comprises Ck or CA.

[00087] In certain embodiments, the anti-FGFR2b antibodies provided herein are chimeric
antibodies comprising a mouse variable region and a human constant region. “Ab 26¢” as
used herein refers to a chimeric antibody based on Ab 26, which comprises a mouse heavy
chain variable region of SEQ ID NO: 7, and a mouse light chain variable region of SEQ ID
NO: 9, fused respectively to human heavy chain constant region and human light chain

constant region.

[00088] Table 2 and Table 3 show the variable region sequences of the exemplary

antibodies.

[00089] Table 2. Amino acid sequences of variable regions of the exemplary antibodies

Vu SEQ ID NO: 7)

Ab 26/26c | DVHLQESGPGLVKPSQSLSLTCSVTGYSITSGY YWNWIRQFPGNKL
EWMGYITYDGSNNYNPSLKNRLSITRDTSKNQFFLQLSSLTTEDTAT
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YFCARVYYYGSGNFDVWGTGTTVTVSS

V. (SEQ ID NO: 9)
SIVMTQTPKILLYSAGDRVTITCKASQSVSNDVAWYQQKPGQSPKLL
IYYASNRYTGVPDRFTGSGYGTDFTFTISTVQAEDLAVYFCHQDHTS
PFTFGSGTKLEIK

[00090] Table 3. Nucleotide sequences of variable regions of the exemplary antibodies

Ab 26/26¢ Vu: Nucleotide sequence (SEQ ID NO: 8)

gatgtacaccttcaggagtcaggacctggcctcgtgaaacctictcagtetctgtetctcacctgetetgt
cactggctactccatcaccagtggttattactggaactggatccggcagtttccagggaacaaactgga
atggatgggctacataacctacgatggtagcaataactacaacccatctctcaaaaatcgactctccate
actcgtgacacatctaagaaccagtttttcctgcaattgagtictttgacaactgaggacacagcecacat
acttctgtgcaagagtttattactacggtagtgggaacticgatgictggggcacagggaccacggtca
ccglctectea

Vi: Nucleotide sequence (SEQ 1D NO: 10)
agtattgtgatgacccagactcccaaaatcctgcetigtatcagcaggagacagggttaccataacctge
aaggccagtcagagtgtgagtaatgatgtagcttggtaccaacagaagcecagggcagtcicctaaact
gcCtgatatattatgcatctaatcgctacactggagtccctgatcgcticactggcagtggatatgggacg
gatticaccticaccatcagcactgtgcaggctgaagacctggcagtttatttctgtcaccaggatcatac
ctctccattcacgltcggclcggggacaaagiiggaaataaaa

[00091] In certain embodiments, the anti-FGFR2b antibodies provided herein may contain
one or more modifications or substitutions 1n one or more variable region sequences provided
herein, yet retaining specific binding affinity to FGFR2b and/or FGFR 1b. In certain
embodiments, at least one (or all) of the substitution(s) in the CDR sequences, FR sequences,

or variable region sequences comprises a conservative substitution(s).

[00092] Various methods known 1n the art can be used to achieve this purpose. For example,
a library of antibody variants (such as Fab or scFv variants) can be generated and expressed
with phage display technology, and then screened for the binding affinity to human FGFR2b
and/or FGFR1b. For another example, computer software can be used to virtually simulate
the binding of the antibodies to FGFR2b and/or FGFRI1b, and identify the amino acid
residues on the antibodies which form the binding interface. Such residues may be either
avoided 1n the substitution so as to prevent reduction 1n binding affinity, or targeted for

substitution to provide for a stronger binding.

[00093] In certain embodiments, the anti-FGFR2b antibodies provided herein comprises one
or more amino acid residue substitutions in one or more CDR sequences, and/or one or more
FR sequences within SEQ ID NOs: 1-6. In certain embodiments, no more than 10, 9, 8, 7, 6,

J, 4, 3, 2, or 1 substitutions are made to the CDR sequences and/or FR sequences 1n total.
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[00094] In certain embodiments, the anti-FGFR2b antibodies comprise 1, 2, 3, 4, 5, or 6
CDR sequences having at least 80% (e.g. at least 85%, 88%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, Y7%, 98%, or 99%) sequence 1dentity to that (or those) listed in SEQ ID NOs: 1-6,
and 1n the meantime retain the binding affinity to FGFR2b and/or FGFR1b at a level similar

to or even higher than 1ts parent antibody.

[00095] In certain embodiments, the anti-FGFR2b antibodies comprise one or more variable
region sequences having at least 80% (e.g. at least 85%, 88%, 90%, 91%, 92%, 93%, 94 %,
95%, 96%, 97T%, 98%, or 99%) sequence 1dentity to that (or those) listed in Table 2, and 1n
the meantime retain the binding affinity to FGFR2b and/or FGFR1b at a level similar to or
even higher than its parent antibody. In some embodiments, a total of 1 to 10 amino acids
have been substituted, inserted, or deleted 1n a variable region sequence listed in Table 2. In

some embodiments, the substitutions, insertions, or deletions occur 1n regions outside the

CDRs (e.g., in the FRs).

[00096] In certain embodiments, the anti-FGFR2b antibodies provided herein comprise a
constant region capable of inducing effector function such as ADCC or CDC. Effector
functions such as ADCC and CDC can lead to cytotoxicity to cells expressing FGFR, and can
be evaluated using various assays such as Fc receptor binding assay, C1q binding assay, and

cell lysis assay. In certain embodiments, the constant region 1s of IgGGl 1sotype, which 1s

known to induce ADCC.

[00097] In certain embodiments, the anti-FGFR2b antibodies comprise one or more
modifications in the constant region that renders enhanced ADCC. As used herein, the term
“enhanced ADCC” 1s defined as either an increase in the number of target cells that are lysed
In a given time, at a given concentration of antibody in the medium surrounding the target
cells, by the mechanism of ADCC defined above, and/or a reduction in the concentration of
antibody, in the medium surrounding the target cells, required to achieve the lysis of a given

number of target cells 1n a given time, by the mechanism of ADCC.

[00098] To assess ADCC activity of a molecule of interest, an in vitro ADCC assay, such as
that described in U.S. Pat. No. 5,500,362: Hellstrom et al. Proc Natl Acad Sci USA 83, 7059-

7063 (1986) and Hellstrom et al, Proc Natl Acad Sci USA 82, 1499-1502 (1985); U.S. Patent
No. 5,821,337; or Bruggemann et al, J] Exp Med 166, 1351-1361 (1987) may be performed.
Alternatively, non-radioactive assays methods may be employed (see, for example, ACTI™

non-radioactive cytotoxicity assay for tlow cytometry (Cell Technology Inc., Mountain View,
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CA); and CytoTox 96° non-radioactive cytotoxicity assay (Promega, Madison, WI)).

Additionally, ADCC activity of the molecule of interest may be assessed in vivo, €.g., 1n an

animal model such as that disclosed in Clynes et al., PNAS (USA) 95:652-656 (1998).

[00099] Various methods for ADCC enhancement have been described in prior art. For
example, 1t has been demonstrated that a subset of amino acid residues in the Fc region are
involved 1n the binding to FcyRs, such as, the following amino acid residues (EU numbering
of residues): (1) Lys274-Arg301 and Tyrd07-Argd16 (Sarmay et al. (1984) Mol. Immunol.,
21:43-51 and Gergely et al. (1984) Biochem. Soc. Tans.,12: 739-743 ); (2) Leu234-Ser239,
Asp2635-Glu269, Asn297-Thr299, and Ala327-1le332 (Sondermann et al. (2000) Nature,
406:267-273 , and (3) T256, K290, S298, E333, K334, A339 (Shields et al. (2001) J. Biol.
Chem., 276:6591-6604; and U.S. Patent Application No. 2004/0228856) in the Fc region are
involved 1n the binding to human FcyRIIIA. The above-listed amino acid residues can be
mutated to enhance ADCC activity, for example, 1n Shields et al. (2001), J Biol Chem 9(2),
6591-6604, Fc variants T256A., K290A, S298A., E333A, K334A, and A339T have been

proved to enhance ADCC activity as compared to native sequences.

[000100] Alternatively, enhanced ADCC activity can be obtained by engineering the
glycosylation forms of an antibody. A number of glycosylation forms have been reported to
enhance ADCC activity of an antibody through enhancing its binding the Fc receptor of the
effector cells. The different glycosylation form includes to any of several forms of glycans
attached to the antibody, with different saccharides (e.g., lacks one type of saccharide such as
fucose, or has a high level of one type of saccharide such as mannose), or having a different
structure (e.g., various branched structure, such as biantennary (two branches), triantennary

(three branches) or tetraantennary (four branches) structures).

[000101] In certain embodiments, the anti-FGFR2b antibodies provided herein are glyco-
engineered. A “glyco-engineered” antibody or antigen-binding fragment may have an
increased or decreased glycosylation level, a change 1n the glycosylation form, or both, as
compared to 1ts non-glyco-engineered counterpart. In certain embodiments, the glyco-
engineered antibodies exhibit enhanced ADCC activity than its non-engineered counterpart.
In some embodiments, the enhanced ADCC activity 1s characterized 1n at least 10%, 15%,

20%, 259, 30%, 35%, 40%, 45%, S0%, 60%, 65%, 70%, or 75% higher lysis of FGFR2b

expressing cell.

20



WO 2021/129656 PCT/CN2020/138591

[000102] The antibodies can be glyco-engineered by methods known 1n the art, including any
manipulation to the peptide backbone (e.g., modifications to the amino acid sequence, and/or
to the side chain group of individual amino acids), and/or, manipulation to the post-
translational modifications through a host cell line (e.g., modifications to glycosylation
pattern). Methods of altering ADCC activity by engineering of glycosylation of an antibody
have also been described 1n the art, see for example, Weikert et al. (1999) Nature Biotech.,
17:116- 121; Shields R. L. et al. (2002), J. Biol. Chem., 277: 26733-26740; Shinkawa et al.
(2003), J Biol Chem., 278, 3466-3473; Ferrara et al. (2006), Biotech. Bioeng., 93, 851-861;
Yamane-Ohnuki et al.(2004), Biotech Bioeng., 87, 614-622; Niwa et al.(2006), J Immunol
Methods 306, 151-160; Shinkawa T. et al, J. Biol. Chem, (2003), 278: 3466-3473.

[000103] In some embodiments, the glyco-engineered antibodies provided herein are

afucosylated (1.e. contain no fucose). Several studies have shown that afucosylated (i.e.,
fucose deficient, or non-fucosylated) antibody exhibited an increased binding to FcyRIII and
thus provoked a higher ADCC activity (Shields et al. (2002) J. Biol. Chem., 277:26733-
26740; Shinkawa et al. (2003) J. Biol. Chem., 278:3466-3473; and European Patent Appln.
Pub. No. 1176195). In some embodiments, the afucosylated antibody provided herein lacks
fucose at asparagine 297 (Asn297) of the heavy chain (based on Kabat numbering). Asn297

1s a conserved N-linked glycosylation site found in each CH2 domain of the Fc region of

IgG1 1sotype of antibodies (Arnold et al., Glycobiology and Medicine, 564:27-43, 2005).

[000104] In some embodiments, the glyco-engineered antibodies provided herein are
characterized 1n a high mannose glycosylation form (e.g., mannose €5, mannose 7,8,9 glycan).

High mannose glycosylation form has been proved to enhance ADCC activity (Yu et al.

(2012), Landes Bioscience, mAbs 4:4, 475-487).

[000105] In some embodiments, the antibody provided herein further comprises within its
constant region one or more modifications which: a) introduces or removes a glycosylation

site, b) introduces a free cysteine residue, ¢) enhances binding to an activating Fc receptor,

and/or d) enhances ADCC.

[000106] The anti-FGFR2b antibody or antigen binding fragment thereof may comprise one
or more amino acid residues with a side chain to which a carbohydrate moiety (e.g. an
oligosaccharide structure) can be attached. Glycosylation of antibodies 1s typically either N-
linked or O-linked. N-linked refers to the attachment of the carbohydrate moiety to the side

chain of an asparagine residue, for example, an asparagine residue in a tripeptide sequence
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such as asparagine-X-serine and asparagine-X-threonine, where X 1s any amino acid except
for proline. O-linked glycosylation refers to the attachment of one of the sugars N-
aceylgalactosamine, galactose, or xylose to a hydroxyamino acid, most commonly to serine
or threonine. Removal of a native glycosylation site can be conveniently accomplished, for
example, by altering the amino acid sequence such that one of the above-described tripeptide
sequences (for N-linked glycosylation sites) or serine or threonine residues (for O-linked
glycosylation sites) present in the sequence of the antibody 1s substituted. A new
glycosylation site can be created in a similar way by introducing such a tripeptide sequence

or serine or threonine residue.

[000107] The anti-FGFR2b antibodies provided herein also encompass a cysteine-engineered
variant, which comprises one or more introduced free cysteine amino acid residues. A free
cysteine residue 1s one which 1s not part of a disulfide bridge. A cysteine-engineered variant
1s useful for conjugation with for example, a cytotoxic and/or imaging compound, a label, or
a radioisotope among others, at the site of the engineered cysteine, through for example a
maleimide or haloacetyl. Methods for engineering antibodies to introduce free cysteine

residues are known 1n the art, see, for example, W0O2006/034488.

[000108] The anti-FGFR2b antibodies provided herein also encompass an Fc variant, which
comprises one or more amino acid residue modifications or substitutions at its Fc region
and/or hinge region. In certain embodiments, the anti-FGFR2b antibodies comprise one or
more amino acid substitution(s) that improves pH-dependent binding to neonatal Fc receptor
(FcRn). Such a variant can have an extended pharmacokinetic half-life, as it binds to FcRn at
acidic pH which allows 1t to escape from degradation in the transporting lysosome and then
be translocated and released out of the cell. Methods of engineering an antibody and antigen-
binding fragment thereof to improve binding affinity with FcRn are well-known 1n the art,
see, for example, Vaughn, D. et al, Structure, 6(1): 63-73 (1998); Kontermann, R. et al,
Antibody Engineering, Volume 1, Chapter 27: Engineering of the Fc region for improved PK,
published by Springer, 2010; Yeung, Y. et al, Cancer Research, 70: 3269-3277 (2010); and
Hinton, P. et al, J. Immunology, 176:346-356 (2006).

[000109] Binding Property

[000110] The anti-FGFR2b antibodies provided herein are capable of specifically binding to
FGFR2b and FGFR1b. In certain embodiments, the antibodies provided herein specifically
bind to human FGFR2b and/or FGFR1b with a binding affinity (Kp) of <10° M (e.g., <5x10
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"M, <2x107" M, <107 M, <5x10° M, <2x10° M, <10® M, <5x10° M, <4x10°M. <3x10”M.,
<2x107 M, <10” M, <9x 10" M, <8x107"" M, <7x10™"" M, <6x10"" M, <5x10"" M, <4x10™""
M, <3x107"" M, <2.5x107"" M, <2x10™"" M, <1.5x10"" M, <10 M, <9x10™"' M, <5x107"! M,
<4x10°" M, <3x10"' M, <2x10" M, or <10 M).

[000111] In some embodiments, the anti-FGFR2b antibodies provided herein are capable of
specifically binding to human FGFR2b with a binding affinity (Kp) of no more than 5x107M,
no more than 4x10'9M, no more than 3x10'9M, no more than 2x10'9M, no more than 10’91\/[,
no more than SXIO'IOM, no more than 4x10'10M, no more than 3x10'10M, no more than 2x10
10M, no more than 10'10M, no more than 5x10™"! M., or no more than 4x10™" M. no more than

3x107! M. no more than 2x107! M, as measured by Biacore.

[000112] In some embodiments, the anti-FGFR2b antibodies provided herein are capable of
specifically binding to human FGFR 1b with a binding affinity (Kp) of no more than 5x10°M,
no more than 4x10'9M, no more than 3x10’9M, no more than 2x10'9M, no more than IO'QM,
no more than 5x10’10M, no more than 4x10'10M, no more than 3x10‘10M, no more than 2x10
10M, no more than IO’IOM, no more than 5x10™""! M., or no more than 4x107" M. no more than

3x10™"" M, no more than 2x10™"' M as measured by Biacore.

[000113] In certain embodiments, the anti-FGFR2b antibodies provided herein cross-react
with a Cynomolgus monkey FGFR counterpart, rat FGFR counterpart, and mouse FGFR

counterpart.

[000114] Binding of the antibodies to human FGFR2b and/or FGFR1b can also be

represented by “half maximal effective concentration” (ECsp) value, which refers to the
concentration of an antibody where 50% of its maximal effect (e.g., binding or inhibition etc.)
1s observed. The ECsy value can be measured by methods known 1n the art, for example,
sandwich assay such as ELISA, Western Blot, flow cytometry assay, and other binding assay.
In certain embodiments, the antibodies provided herein specifically bind to human FGFR2b
and/or FGFR1b at an ECsg (1.e. 50% binding concentration) of no more than 5 nM, no more
than 4 nM, no more than 3 nM, no more than 2 nM, no more than 1.5 nM, no more than 1 nM.,
no more than 0.9 nM, no more than 0.8 nM. no more than 0.7 nM, no more than 0.6 nM, no
more than 0.5 nM, no more than 0.4 nM., no more than 0.3 nM, no more than 0.2 nM or no
more than 0.1 nM by ELISA. In certain embodiments, the antibodies provided herein

specifically bind to human FGFR2b and/or FGFRIb at an ECs9 (1.e. 50% binding

concentration) of no more than 10 nM, no more than 9 nM, no more than 8 nM, no more than
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7 nM, no more than 6 nM., no more than 5 nM, no more than 4 nM, no more than 3 nM, no
more than 2 nM., no more than 1 nM, no more than 0.8 nM, no more than 0.5 nM or no more

than 0.3 nM by flow cytometry.

[000115] In some embodiments, the antibody provided herein 1s cross-reactive for FGFR2b

of different species, for example, 1t 1s capable of specifically binding to human FGFR2b,
cynomolgus monkey FGFR2b, rat FGFR2b, and/or mouse FGFR2b.

[000116] In certain embodiments, the antibodies provided herein have a specific binding
atfinity to human FGFR2b and/or FGFR1b which 1s sufficient to provide for diagnostic

and/or therapeutic use.

[000117] In certain embodiments, the antibodies provided herein block binding of human
FGFR2b and/or FGFR1Db to its ligand and thereby providing biological activity including, for
example, inhibition of the proliferation of FGFR2b and/or FGFR1b expressing cells.

[000118] The proliferation inhibition effect can be represented by “50% growth inhibition
concentration” (Glsg) value, which refers to the conce<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>