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BAT

'E59 (ug/ml)
Ara h126 {0.02 pg/mi)
Figure 12
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E59 on blocking cat allergy BAT
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BACKGROUND OF THE INVENTION

1. Field of the Invention

[0004] The present mnvention generally relates to human-

ized antibodies having low athnity binding to IgE.

2. Description of the Related Art

[0005] Immunoglobulin E (IgE) constitutes one of the five
major classes of antibodies 1 humans. IgE 1s a single
four-chain unit consisting of two F heavy chains and two K
light chains or two A light chains. IgE 1s synthesized and
secreted by B cells that have undergone heavy-chain class

switching from p to F heavy chain production. Although IgE
represents less than one percent of total Ig 1 blood, this

immunoglobulin 1s a central player in the allergic response.

[0006] The immediate allergic response, immediate hyper-
sensitivity or the type I allergic response, 1s mediated by a
complex that includes IgE and FceRI (the high-aflinity
receptor for IgE). This complex 1s formed upon binding of
the Fc region of secreted IgE antibodies to FceRI receptors
on the surface of eflector cells such as mast cells and
basophils. The bound IgE antibodies then serve as ellector
cell-surface receptors for those antigens, termed allergens,
which trigger a type I allergic response. When antigen (e.g.,
allergen) binds to FceRI-bound IgE so as to cross-link
neighboring IgE/FceRI complexes, 1t signals the eflector cell
to release histamine and other biologically active mediators
by exocytosis.

SUMMARY OF THE INVENTION

[0007] In some embodiments, the present invention pro-

vides a monoclonal antibody (an hLAAIGE) which com-
prises a VH chain that comprises DTAVYYCAR (SEQ ID

NO:7), and a VL chain that comprises LQAED (SEQ ID
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NO:11) and at least one sequence selected from AAPSV
(SEQ ID NO:12), GTKL (SEQ ID NO:13), and RFSGS
(SEQ ID NO:14).

[0008] In some embodiments, the VH chain comprises
WVRQAPG (SEQ ID NO:8), and GLEW (SEQ ID NO:9),
and/or VIVSSA (SEQ ID NO:10). In some embodiments,
the VH chain 1s (X),_; VOQLXQSG(X);PGXS(X);SCXAS-
GXT FX)WVRQAPGXGLEW(X),I(X),G(X);Y(X)R
(X) SDXS(X),T(X)SL(X);DTAVYYCAR(X)o_
1nWGXGTXVITVSSAS (SEQ ID NO:15). In some
embodiments, the VH chain comprises any one or more of
the following sequences VQLXI1QSG (SEQ ID NO:17),
PGX2SX3X4XSSCX6ASGXT7TF (SEQ ID NO:18),
WVRQAPGXS8GLEW (SEQ ID NO:19),
WGXIGTX10VTVSSA (SEQ 1D NO:20),
SLX11X12X13DTAVYYCAR (SEQ ID NO:21), and
RX14X15X16X17X18DX195X20X21 T (SEQ ID NO:22),
wherein X1 to X21 are each independently any amino acid.
In some embodiments, the VH chain comprises any one or

more of the following sequences VQLX1QSG (SEQ ID

NO:17), PGX2SX3X4X5SCX6ASGX7TF (SEQ 1D
NO:18), WVRQAPGX8GLEW (SEQ ID NO:19),
WGX9GTX10VTVSSA (SEQ D NO:20),

SLX11X12X1I3DTAVYYCAR (SEQ ID NO:21), and
RX14X15X16X17X18DX195X20X21 T (SEQ ID NO:22),
wherein X1 1s V or G, preferably V, X2 1s A or R, preferably
A, X3 1s L or V, preferably V, X4 1s K or R, preferably K,
X5 1s L or 'V, preferably V, X6 1s A or K, preferably K, X7
1s F or Y, preferably Y, X8 1s K or Q, preferably Q, X9 1s R
or Q, X101sLorT, X111sT, K, or R, X121s Aor S, X13
1S EorD, X141isForV, X151sTorV, X161s I, F, or M,
X171sSorT, X181s L, R, or T, X19 1s N or T, preferably
T, X201s K, T, or V, and X21 1s N or S, preferably S. In some
embodiments, the VH chain comprises a sequence having a
percent 1dentity of about 75% to about 100%, preferably
about 80% to about 100%, more preterably about 90% to
100%, even more preferably about 95% to about 100%, and
most preferably about 99% to 100% to SEQ ID NO:2. In
some embodiments, the VH chain comprises SEQ ID
NO:68, SEQ ID NO:69, or SEQ 1D NO:70. In some embodi-
ments, the VH chain comprises a sequence having a percent
identity of at least about 90% up to 100%, preferably about
91% up to 100%, more preferably about 95% up to 100%,

even more prelerably about 97% up to 100%, and most
preferably about 99% up to 100% to SEQ ID NO:1. In some

embodiments, the VH chain comprises at least 10, 20, 30,
40, or 50 consecutive amino acid residues of SEQ ID NO:23.

In some embodiments, the VH chain comprises SEQ ID
NQO:23.

[0009] In some embodiments, the VL chain comprises
LQAED (SEQ ID NO:11) plus (a) AAPSV (SEQ ID NO:12)
or (b) RFSGS (SEQ ID NO:14) and GTKL (SEQ ID
NO:13). In some embodiments, the VL chain comprises
(X)1 Q(X)o, PX S(X);SXG(X); TIXC(X), s5(X) V(X))o
11Q(X),PG(X),PKLXIY(X),_,S(X);S(X), ,RFSGSXSG

(X)L LTXSXLOQAEDXAXYYC(X), ,Q(X)s s FGXGTKL

(X);.-AAPSV(X),FPPSXE XL(X),A(X),VCL(X);FYP(X)
VXWKXD(X); oG(X),_,BX),T(X),Y(X),SSXLXL(X)

SH(X),YXC XVTHXG(X) ,SXVXK(X)EC(X),., (SEQ
ID NO:16), wherein each X 1s mdependently any amino
acid. In some embodiments, the VL chain comprises any one
or more of the following sequences REFSGSX22SG (SEQ ID
NO:24), LTX23SX24LQAEDX254AX26YY (SEQ ID
NQO:25), FGX27GTKL (SEQ ID NQO:26),
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AAPSVX28X29FPPSX30EX31IL (SEQ ID NO:27),
AX32X33VCLX34X35X36FYP (SEQ ID NO:28),
HX37X38YX39CX40VTHX41G (SEQ ID NO:29),

PX428X43X44X455X45GX47X48X49TIX50C (SEQ 1D
NO:30), QX51X52PGX53X54PKLX551Y (SEQ 1D
NO:31), wherein X22 to X55 are each independently any
amino acid. In some embodiments, the VL chain comprises

any one or more of the following sequences RFSGSX225G
(SEQ ID NO:24), LTX23SX24LQAEDX254AX26YY

(SEQ ID NO:25), FGX27GTKL (SEQ ID NO:26),
AAPSVX28X29FPPSX30EX31L, (SEQ ID NO:27),
AX32X33VCLX34X35X36FYP (SEQ ID NO:28),
HX37X38YX39CX40VTHX41G (SEQ ID NO:29),

PX425X43X44X455X45GX47X48X49TIX50C (SEQ 1D
NO:30), QX51X32PGX33X54PKLX53IY (SEQ ID
NO:31), wherein X22 1s Gor K, X231sIor V, X24 1s G or
S, X251sEorV, X261sDorV, X271s G, S, or Q, X28 1s
ForT, X291slorL, X301s Dor S, X311s E or QQ, X32 1s
SorT,X331sLorV,X341sIorL, X351s NorS, X36 1s
DorN, X371s KorR, X381s SorV, X391s A or S, X40
1s EorQ, X4l 1sEorQ, X421s A, D, or P, X431s A, L, or
V,X44 1sAor S, X451s Gor V, X461s L or P, X47 1s E or
Q,X481sRor S, X491s A, I, or V, X50 1s N or S, X351 1s
H or Q, preferably Q, X521s Hor K, X53 1s K or Q, X54
1s A or P, and X55 1s L or M. In some embodiments, the VL
chain comprises a sequence having a percent 1dentity of at
least about 65% up to 100% to SEQ ID NO:4. In some
embodiments, the VL chain comprises a sequence selected
from the group consisting of: SEQ ID NO:4, SEQ ID NO:5,
and SEQ ID NO:6. In some embodiments, the VL chain
comprises SEQ ID NO:32, SEQ ID NO:65, or SEQ ID
NO:67.

[0010] Insome embodiments, the hL. AAIGE binds human
IgE. In some embodiments, the hLAAIGE binds to human
IgE when bound to human FceRI or high afhinity IgE
receptor. In some embodiments, the IgE epitope recognized
by the hLAAIGE comprises at least 10 consecutive amino
acid residues of SEQ ID NO:33. In some embodiments, the
IgE epitope recognized by the hLAAIGE comprises, con-
sists essentially of, or consists of one or more of the
following sequences: SEQ 1D NO:34, SEQ ID NO:35, SEQ
ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39,
SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID
NO:43, SEQ ID NO:44, and SJQ ID NO:45. In some
embodlments the IgE epitope recognized by the hLAAIGE
comprises at least one of the following sequences: SEQ 1D
NO:35, SEQ ID NO:39, SEQ ID NO:42, and SEQ ID
NQO:36.

[0011] In some embodiments, the hLAAIGE i1s a human-
1zed antibody. In some embodiments, the hL AAIGE binds to
human IgE with a binding affinity of about 1x10™ M to
about 1x1077 M Kd, about 1x107° M to about 1x10~° M Kd,
or about 5x107> to about 7x10~°> M Kd. In some embodi-
ments, the hLAAIGE ES59, E14, E17, E23, SO91, or H6.2 as
disclosed herein.

[0012] In some embodiments, the present invention pro-
vides a composition comprising one or more hLAAIGEs. In
some embodiments, the composition further comprises a
pharmaceutically acceptable carrier.

[0013] In some embodiments, the present invention pro-
vides a method of treating a subject for an IgE-mediated
disorder, which comprises admimistering to the subject one
or more hLAAIGEs or a composition thereof. In some
embodiments, the IgE-mediated disorder 1s an allergic reac-
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tion. In some embodiments, the allergic reaction 1s an acute
IgE-mediated food allergic reaction. In some embodiments,
the IgE-mediated disorder 1s a food allergy, asthma, allergic
rhinitis, atopic dermatitis, urticaria, angioedema, or anaphy-
lactic hypersensitivity. In some embodiments, the present
invention provides a method of treating a subject for mas-
tocytosis, which comprises administering to the subject one
or more hLAAIGEs or a composition thereof. In some
embodiments, the one or more hLAAIGEs or composition
thereof 1s administered prior to the onset of an IgE-mediated
allergic reaction. In some embodiments, one or more anti-
bodies according to the present invention and a given
allergen are co-administered to a subject to desensitize the
subject to the allergen.

[0014] In some embodiments, the one or more hLAAIGESs
or composition thereof 1s administered to a subject every 3
to 10 weeks. In some embodiments, the one or more
hLAAIGEs or composition thereol 1s administered to a
subject every 3 to 8 weeks. In some embodiments, the one
or more hLAAIGEs or composition thereof 1s administered
to a subject every 4 to 8 weeks. In some embodiments, the
one or more hLAAIGEs or composition thereof 1s admin-
istered to a subject every 4 to 6 weeks. In some embodi-
ments, the one or more hLAAIGEs or composition thereof
1s administered to a subject every 4 to 5 weeks. In some
embodiments, the one or more hLAAIGEs or composition
thereof 1s administered to a subject monthly. In some
embodiments, a therapeutically eflective amount of one or
more hLAAIGEs according to the present invention are

administered to a subject.

[0015] Both the foregoing general description and the
following detailed description are exemplary and explana-
tory only and are intended to provide further explanation of
the mvention as claimed. The accompanying drawings are
included to provide a further understanding of the mnvention
and are incorporated in and constitute part of this specifi-
cation, i1llustrate several embodiments of the invention, and
together with the description explain the principles of the
invention.

DESCRIPTION OF THE DRAWINGS

[0016] This invention 1s further understood by reference to
the drawings wherein:

[0017] FIG. 1 to FIG. 10 show the safety profiles of some
humanized low aflinity anti-IgE antibodies (hLAAIGESs).
FIG. 1 shows the tlow cytometry profiles of the BAT. FIG.
2 1s a graph summarizing the basophil activation test (BAT)
from normal blood basophils showing that hLAAIGE E59
fails to activate human basophils. FIG. 3 1s a graph sum-
marizing the lack of histamine release triggering capacity of
hLAAIGEs from blood basophils. FIG. 4 1s a graph sum-
marizing the lack of p-hexoaminidase-c. release from cul-
ture skin mast cells by hLAAIGEs. FIG. § 1s a graph
summarizing the lack of the 0-hexoaminidase-a release
from fresh lung mast cells by hLAAIGEs. FIG. 6 shows the
results of Passive Cutaneous Anaphylaxis (PCA) 1

hFceRIc. Tg mouse model where hLAAIGEs fail to induce
PCA. FIG. 7 1s a graph summarizing the core temperature
changes of systemic anaphylaxis in hFceRlIa Tg mice show-
ing that hLAAIGE E59 fails to induce systemic anaphylaxis.
FIG. 8 1s a graph summarizing the climical score of the
systemic anaphylaxis i hFceRIlo Tg mice showing that
hLAAIGE E539 fails to induce systemic anaphylaxis.
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HLAAIGEs, E4.15 and E7.12, and polyclonal anti-Ig.
(a-IgE) were used as the positive controls.

[0018] FIG. 9 shows that E59 1s unable to trigger CD63
expression, an activation marker, on basophils.

[0019] FIG. 10 shows that E39 promotes low-level baso-
phil CD203¢ expression, a marker of potentially protective
piecemeal degranulation.

[0020] FIG. 11 to FIG. 14 show the therapeutic eflects of
hLLAAIGEs on BAT. FIG. 11 and FIG. 12 summarize the
results evidencing that hLAAIGEs blocked the peanut aller-
gic subject’s blood basophil BAT. FIG. 13 and FIG. 14
summarize the results evidencing that hL AAIGEs blocked
the cat allergic subject’s blood basophil BAT.

[0021] FIG. 15 to FIG. 19 show the therapeutic effects of
hILAAIGESs 1n the hFceRIa mouse model. FIG. 15, FIG. 16,
and FIG. 17 summarize the results evidencing that
hILAAIGEs blocked the peanut allergic IgE mediated PCA.
In FIG. 17, 1n the 4 sets of bars, the first bar of each set 1s
Control. FIG. 18 and FIG. 19 summarize the results evi-
dencing that hLAAIGESs attenuated dansyl-IgE mediated the
systemic anaphylaxis in hFceRIo mice. AER-37 1s an anti-
human FceRIloo mAb used as PCA control * P0.05; **
P<0.01.

[0022] FIG. 20 and FIG. 21 show the internalization of
E39 mediated surface IgE. FIG. 20 show confocal images of
surface FITC-IgE loaded bone marrow mast cells (BMMCs)
that were treated with hlgG1 control (2 ng/ml) and E39 (2
ug/ml) for 24 hours (overlay view). FIG. 21 shows confocal
sections of the E59 treated BMMC showing the intracellu-
lar-internalized IgFE.
[0023] FIG. 22 to FIG. 24 show hLAAIGE induces piece-
meal degranulation. FIG. 22 1s an electron micrograph
showing the phenotype of the intact granules in resting skin
mast cells. FIG. 23 1s an electron micrograph showing the
typical phenotype of piecemeal degranulation induced by
E39 at 50 ug/ml for 30 minutes. FIG. 24 1s an electron
micrograph showing the phenotype of the anaphylactic

degranulation induced by polyclonal anti-IgE.
[0024] FIG. 25 are graphs showing that crosslinking of

hILAAIGESs, e.g., E17 and E59, with anti-human IgG does
not trigger systemic anaphyﬁ.axis, as measured by fall 1n core
body temperature, in hFceRIa Tg mice. hFceRIa Tg mice
were sensitized with 50 ug IgE 1.p. for 16 hours followed by
1.p. injection of 50 ug control human IgG, E17, or E59. Two
hours later, the mice were 1.v. challenged with 50 ug rabbit
anti-human IgG, and their rectal temperatures were recorded
at 5-minute intervals.

[0025] FIG. 26 are graphs showing that hLAAIGEs, e.g.,
E39, mduces partial FceRI signaling that attenuates full-
FceRI signaling.

[0026] FIG. 27 1s a graph showing the predicted in vivo
half-lives of 5 hLAAIGEs according to the present invention

as assessed by a validated 1n vitro model. See Soudersy et al.
(2015) mAbs 7(5): 912-921).

[T]

DEFINITIONS

[0027] Unless indicated otherwise, all scientific and tech-
nical terms used herein have meanings commonly under-
stood by those skilled 1n the art to which this invention
belongs.

[0028] The terms “antibodies” and “immunoglobulin™
include antibodies or immunoglobulins of any i1sotype,
whole antibodies (e.g., antibodies composed of a tetramer
which 1n turn 1s composed of two dimers of a heavy and light

Mar. 23, 2023

chain polypeptide); half antibodies; single chain antibodies;

fragments ol antibodies (e.g., fragments of whole, half, or
single chain antibodies) which retain specific binding to IgE,
including, but not limited to Fab, Fv, scFv, and diabodies;

chimeric antibodies; humanized antibodies (e.g., humanized
whole antibodies, humanized half antibodies, or humanized
antibody fragments); and fusion proteins comprising an
antigen-binding portion of an antibody and a non-antibody
protein. The antibodies may be detectably labeled, e.g., with
a radioisotope, an enzyme which generates a detectable
product, a fluorescent protein, and the like. The antibodies
may be further conjugated to other moieties, such as mem-
bers of specific binding pairs, e.g., biotin (member of
biotin-avidin specific binding pair), and the like. The anti-
bodies may also be bound to a solid support, including, but
not limited to, polystyrene plates or beads, and the like. Also
encompassed by the terms are Fab', Fv, F(ab'),, and or other
antibody fragments that retain specific binding to antigen,
and monoclonal antibodies. An antibody may be monovalent
(e.g., 1n the case of a half antibody) or bivalent.

[0029] ““Antibody fragments” comprise a portion of an
intact antibody, for example, the antigen binding or variable
region of the intact antibody. Examples of antibody frag-
ments include a Fab, Fab', F(ab'),, and Fv fragments;
diabodies; linear antibodies (Zapata, et al., Protein Eng.
8(10). 1037-1062 (1995)); and multi-specific antibodies
formed from antibody fragments. Papain digestion of anti-
bodies produces two 1dentical antigen-binding fragments,
called “Fab” fragments, each with a single antigen-binding
site, and a residual “Fc” fragment, a designation reflecting
the ability to crystallize readily. Pepsin treatment yields an
F(ab'), fragment that has two antigen combining sites and 1s
still capable of cross-linking antigen.

[0030] A “half antibody” refers to an antibody composed
of a dimer of a heavy chain polypeptide and a light chain
polypeptide, which heavy and light chains may be joined by
noncovalent and/or covalent (e.g., disulfide) bonds. The half
antibody may include a heavy chain that includes a human
heavy chain constant region, and a light chain that includes
a human light chain constant region. As opposed to a “full”
or “complete” antibody that consists of two 1dentical heavy
chains and two identical light chains—and accordingly has
two 1dentical antigen binding sites—a half antibody has a
single antigen binding site (1.e., 15 monovalent). As
described 1n greater detail below, a half antibody may be
generated by genetically modifying a nucleic acid that
encodes the heavy chain of an anfti-IgE antibody, e.g., by
substituting one or more heavy chain amino acid residues
(e.g., one, two, or more cysteines) that promote heavy chain
dimerization for amino acids that do not promote (e.g.,
prevent) such dimerization, or post-translationally modify-
ing one or more heavy chain amino acid residues (e.g., one,
two, or more cysteines) that promote heavy chain dimeriza-
tion such that the amino acid(s) are no longer capable of
interacting with the residues of a different heavy chain.

[0031] “Monovalent” when used 1n the context of an
antibody refers to an antibody that contains a single antigen-
binding region. “Divalent” when used 1n the context of an
antibody refers to an antibody that contains two antigen-
binding regions.

[0032] “Fv” comprises the minimum antibody fragment
which contains a complete antigen-recognition and -binding
site. This region consists of a dimer of one heavy- and one
light-chain variable domain in tight, non-covalent associa-
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tion. It 1s 1 this configuration that the three CDRS of each
variable domain interact to define an antigen-binding site on
the surface of the VH-VL dimer. Collectively, the six CDRs
confer antigen-binding specificity to the antibody. However,
even a single variable domain (or half of an Fv comprising
only three CDRs specific for an antigen) has the ability to
recognize and bind antigen, although at a lower aflinity than
the entire binding site.

[0033] The “Fab” fragment also contains the constant
domain of the light chain and the first constant domain
(CH,) of the heavy chain. Fab fragments differ from Fab'
fragments by the addition of a few residues at the carboxyl
terminus of the heavy chain CH, domain including one or
more cystemes from the antibody hinge region. Fab'-SH 1s
the designation herein for Fab' in which the cysteine residue
(s) of the constant domains bear a free thiol group. F(ab'),
antibody fragments originally were produced as pairs of Fab'
fragments which have hinge cysteines between them. Other
chemical couplings of antibody fragments are also known.

[0034] The “light chains” of antibodies (1mmunoglobu-
lins) from any vertebrate species can be assigned to one of
two clearly distinct types, called kappa and lambda, based
on the amino acid sequences of their constant domains.
Depending on the amino acid sequence of the constant
domain of theiwr heavy chains, immunoglobulins may be
assigned to different classes. There are five major classes of
immunoglobulins: IgA, IgD, IgE, 1gG, and IgM, and several
of these may be further divided into subclasses (isotypes),
e.g., 1gGl, 1gG2, 1gG3, IgG4, IgAl, and IgA2.

[0035] “Single-chain Fv” or “sFv” antibody fragments
comprise the VH and VL domains of an antibody, where
these domains are present 1n a single polypeptide chain. In
some embodiments, the Fv polypeptide further comprises a
polypeptide linker between the VH and VL domains, which
enables the sFv to form the desired structure for antigen
binding.

[0036] The term “diabodies™ refers to small antibody
fragments with two antigen-binding sites, which fragments
comprise a heavy-chain vanable domain (VH) connected to
a light-chain variable domain (VL) 1n the same polypeptide
chain (VH-VL). 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 and create two antigen-binding sites. See,
¢.g., Hollinger, et al., PNAS USA, 90:6444-6448 (1993).

[0037] As used herein, the term “athnity” refers to the
equilibrium constant for the reversible binding of two agents
and 1s expressed as a dissociation constant (Kd). Aflinity can
be at least 1-fold greater, at least 2-fold greater, at least
3-fold greater, at least 4-fold greater, at least 5-fold greater,
at least 6-fold greater, at least 7-fold greater, at least 8-fold
greater, at least 9-fold greater, at least 10-fold greater, at least
20-fold greater, at least 30-fold greater, at least 40-fold
greater, at least S0-fold greater, at least 60-fold greater, at
least 70-1old greater, at least 80-fold greater, at least 90-fold
greater, at least 100-fold greater, or at least 1000-fold
greater, or more, than the athnity of an antibody for unre-
lated amino acid sequences. Aflinity of an antibody to a
target protein can be, for example, from about 100 nano-
molar (nM) to about 0.1 nM, from about 100 nM to about 1
picomolar (pM), or from about 100 nM to about 1 femto-
molar (IM) or more. As used herein, the term “avidity” refers
to the resistance of a complex of two or more agents to
dissociation after dilution. The terms “immunoreactive”,
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“preferentially binds”, and “specifically binds” are used
interchangeably herein with respect to antibodies and/or
antigen-binding fragments. The term “binding” refers to a
direct association between two molecules, due to, for
example, covalent, electrostatic, hydrophobic, and 1onic
and/or hydrogen-bond interactions, including interactions
such as salt bridges and water bridges. A subject anti-IgE
binds specifically to an epitope within an IgE polypeptide.
[0038] By “CDR” or “complementarity determining
region’” 1s meant the non-contiguous antigen combining sites
found within the vanable region of both heavy and light
chain polypeptides. CDRs have been described by Kabat, et
al., I. Biol. Chem. 252:6609-6616 (1977); Kabat, et al., U.S.
Dept. of Health and Human Services, “Sequences of pro-

teins of immunological interest” (1991); by Chothia, et al.,
J. Mol. Biol. 196:901-917 (1987); and MacCallum, et al., J.

Mol. Biol. 262:732-745 (1996), where the definitions
include overlapping or subsets of amino acid residues when
compared against each other.

[0039] As used herein, the term “framework™ when used
in reference to an antibody variable region 1s mtended to
mean all amino acid residues outside the CDR regions
within the variable region of an antibody. A variable region
framework 1s generally a discontinuous amino acid sequence
between about 100-120 amino acids in length but 1s intended
to reference only those amino acids outside of the CDRs. As
used herein, the term “framework region™ 1s intended to

mean each domain of the framework that 1s separated by the
CDRs.

[0040] An *“1solated” antibody 1s one that has been 1den-
tified and separated and/or recovered from a component of
its natural environment. Contaminant components ol 1ts
natural environment are materials that would interfere with
diagnostic or therapeutic uses for the antibody, and may
include enzymes, hormones, and other proteinaceous or
non-proteinaceous solutes. In some embodiments,
hILAAIGEs are purified (1) to greater than 90%, greater than
95%, or greater than 98%, by weight of antibody as deter-
mined by the Lowry method, for example, more than 99%
by weight, (2) to a degree suflicient to obtain at least 15
residues of N-terminal or internal amino acid sequence by
use of a spinning cup sequenator, or (3) to homogeneity by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) under reducing or non-reducing conditions
using Coomassie blue or silver stain. Isolated antibody
includes the antibody in situ within recombinant cells since
at least one component of the antibody’s natural environ-
ment will not be present. In some embodiments, isolated
antibodies are prepared by at least one purification step.

[0041] As used herein, the term “humanized antibody™
refers to an antibody derived from a non-human species and
having a protein sequence that has been modified to increase
its similarity to human antibodies. Methods of making
humanized antibodies are known 1n the art. See, e.g., U.S.
Pat. No. 7,256,273. Humanized antibodies may comprise
residues which are found neither 1n the recipient antibody

nor in the imported CDR or framework sequences. See,
Queen, et al., PNAS USA 86:10029 10033 (1989), U.S. Pat.

Nos. 5,530,101, 5,585,089, 5,693,761, WO 90/07861, and
U.S. Pat. No. 5,225,539. Humanized antibodies can have

sequences of naturally occurring human antibodies or can be

consensus sequences ol several human antibodies. See
Kettleborough, et al., Protein Engineering 4:773 (1991);
Kolbinger, et al., Protein Engineering 6:971 (1993).
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[0042] As used herein, the term percent sequence “i1den-
tity”” refers to two or more sequences or subsequences that
have a specified percentage of nucleotides or amino acid
residues that are the same, when compared and aligned for
maximum correspondence, as measured using one of the
sequence comparison algorithms described below (e.g.,
BLASTP and BLASTN or other algorithms available to
persons of skill) or by visual mspection. Depending on the
application, the percent “identity” can exist over a region of
the sequence being compared, e.g., over a functional
domain, or, alternatively, exist over the full length of the two
sequences to be compared.

[0043] For sequence comparison, typically one sequence
acts as a reference sequence to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are input mnto a computer,
subsequence coordinates are designated, 11 necessary, and
sequence algorithm program parameters are designated. The
sequence comparison algorithm then calculates the percent
sequence 1dentity for the test sequence(s) relative to the
reference sequence, based on the designated program
parameters.

[0044] Optimal alignment of sequences for comparison
can be conducted, e.g., by the local homology algorithm of
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J.
Mol. Biol. 48:443 (1970), by the search for similarity
method of Pearson & Lipman, PNAS USA 85:2444 (1988),
by computerized implementations of these algorithms (GAP,
BESTEFIT, FASTA, and TFASTA 1n the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science
Dr., Madison, Wis.), or by visual 1mspection.

[0045] One example of an algorithm that i1s suitable for
determining percent sequence identity and sequence simi-
larity 1s the BLAST algorithm, which 1s described 1n Alts-
chul et al., J. Mol. Biol. 215:403-410 (1990). Soitware for
performing BLAST analyses 1s publicly available through
the National Center for Biotechnology Information (nchba.
nlm.nih.gov).

[0046] As used herein, the terms “individual”, “subject”,
“host”, and “patient”, are used interchangeably to refer to
humans and non-human amimals. The term “non-human
ammal” includes all vertebrates, e.g., mammals and non-
mammals, such as non-human primates, humans, canines,
telines, ungulates (e.g., equines, bovines, ovines, porcines,
and caprines), rodents, and other veterinary subjects and test
animals.

[0047] A “biological sample” encompasses a variety of
sample types obtained from an individual and can be used 1n
a diagnostic or monitoring assay. The definition encom-
passes blood and other liquid samples of biological origin,
solid tissue samples such as a biopsy specimen or tissue
cultures or cells derived therefrom and the progeny thereof.
The definition also includes samples that have been manipu-
lated 1n any way after their procurement, such as by treat-
ment with reagents, solubilization, or enrichment for certain
components, such as polynucleotides. The term “biological
sample’” encompasses a clinical sample, and includes cells 1n
culture, cell supernatants, cell lysates, serum, plasma, bio-
logical fluid, and tissue samples. In some cases, a biological
sample will include mast cells, basophils, eosinophils, B

cells, and the like.
The terms “type-1 allergic reaction”, “immediate

[0048]
hypersensitivity™, * type-I hypersensitiv-

s L4

atopic allergy”,
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ity”’, and the like, as used herein, refer to the physiological
response that occurs when an antigen entering the body
encounters mast cells or basophils which have been sensi-
tized by IgE attached to its high-aflinity receptor, FceRI on
these cells. When an allergen reaches the sensitized mast cell
or basophil, 1t cross-links surface-bound IgE, causing an
increase in intracellular calcium (Ca®*) that triggers the
release of pre-formed mediators, such as histamine and
proteases, and newly synthesized, lipid-derived mediators
such as leukotrienes and prostaglandins. These autocoids
produce the clinical symptoms of allergy. In addition, cyto-
kines, e.g., IL-4, TNF-alpha, are released from degranulat-
ing basophils and mast cells, and serve to augment the
inflammatory response that accompanies an IgE reaction
(see, e.g., Immunology, Fifth Edition, Roitt, et al., eds.,
1998, pp. 302-317). The specific mamiestations ol the
hypersensitivity reaction in the sensitive or allergic subject
depends on the site of the allergen exposure, the dose of
allergen exposure, the reactivity of the organs 1n the subject
(e.g., over-reactive lungs or nose) and the full panoply of the
immune response to the allergen in that subject.

[0049] Symptoms and signs associated with type I hyper-
sensitivity responses are extremely varied due to the wide
range of tissues and organs that might be involved. These
symptoms and signs can include: itching of the skin, eyes,
and throat, swelling and rashes of the skin (angioedema and
urticaria/hives), hoarseness and difliculty breathing due to
swelling of the vocal cord area, a persistent bumpy red
flaking rash that may occur anywhere on the body, shortness
of breath and wheezing (from tightening of the muscles 1n
the arrways and plugging of the airways, 1.e., bronchocon-
striction) 1n addition to increased mucus and fluid produc-
tion, chest tightness and pain due to construction of the
airrway muscles, nausea, vomiting diarrhea, dizziness and
fainting from low blood pressure, a rapid or irregular heart-
beat and even death as a result of airway and/or cardiac
compromise.

[0050] Where a range of values 1s provided, 1t 1s under-
stood that each intervening value, to the tenth of the unit of
the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any
other stated or intervening value in that stated range, is
encompassed within the invention. The upper and lower
limits of these smaller ranges may independently be
included in the smaller ranges, and are also encompassed
within the invention, subject to any specifically excluded
limit 1n the stated range.

[0051] As used in the specification and the appended
claims, the singular forms *“a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “an antibody” or “a half antibody™
includes a plurality of such antibodies or half antibodies and
reference to “the CDR” includes reference to one or more
CDRs and equivalents thereol known to those skilled 1n the
art, and so forth. It 1s further noted that the claims may be
drafted to exclude any optional element. As such, this
statement 1s intended to serve as antecedent basis for use of
such exclusive terminology as “solely”, “only”, and the like,
relating to the recitation of claim elements, or use of a
“negative” limitation.

[0052] The use of “or” includes “and/or” unless the con-

text dictates otherwise. As used herein, “and/or” means
“and” or “or”. For example, “A and/or B” means “A, B, or

both A and B” and “A, B, C, and/or D” means “A, B, C, D,
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or a combination thereof” and said “combination thereof™
means any subset of A, B, C, and D, for example, a single
member subset (e.g., Aor B or C or D), a two-member subset
(e.g., A and B; A and C; etc.), or a three-member subset (e.g.,
A, B, and C; or A, B, and D; etc.), or all four members (e.g.,
A, B, C, and D).

[0053] The phrase “comprises, consists essentially of, or
consists of” 1s used as a tool to avoid excess page and
translation fees and means that 1n some embodiments the
given thing at issue comprises something, and 1n some
embodiments the given thing at 1ssue consists of something.
For example, the sentence “In some embodiments, the
composition comprises, consists essentially of, or consists of
A’ 1s to be mterpreted as if written as the following two
separate sentences: “In some embodiments, the composition
comprises A. In some embodiments, the composition con-
sists essentially of A. In some embodiments, the composi-
tion consists of A.” Similarly, a sentence reciting a string of
alternates 1s to be interpreted as 11 a string of sentences were
provided such that each given alternate was provided in a
sentence by itsell. For example, the sentence “In some
embodiments, the composition comprises A, B, or C” 1s to
be interpreted as 1t written as the following three separate
sentences: “In some embodiments, the composition com-
prises A. In some embodiments, the composition comprises
B. In some embodiments, the composition comprises C.”

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

[0054] The present invention provides humanized anti-
bodies that exhibit a low binding affinity of about 1x10™> M
to about 1x10™” M Kd, preferably about 1x107° M to about
110" M Kd, and more preferably about 1x10~° M to about
1x107® M Kd (as measured by the “Biacore method”, i.e.,
surface plasmon resonance using Biacore T2000 1nstrument
with a CM3 sensor chip coupled with myeloma IgE (see
Zhang, et al. J. Immunol. (2017) DOI: 10. 4049/jimm111101
1602022, which 1s herein incorporated by reference in 1ts
entirety) to human IgE. The humanized low athnity anti-IgE
antibodies according to the present invention are referred to
herein as “hLAAIGEs”.

Safety Profiles of hLAAIGEs

[0055] The safety profiles of hLAAIGEs exemplified
herein were critically evaluated with multiple approaches
and methods described previously and summarized 1n FIG.
1 to FIG. 8. With flow cytometry based basophil activation
test (BAT), 1n contrast to the positive BAT control (E4.13, a
high aflimity anti-human IgE mAb, and IMLP, a basophil
activator via non-IgE-FceRI pathway) that induced strong
CD63 expression of blood basophils as a marker of BAT
activation, hLAAIGE clones E59 (FIG. 1), E14, E17, E23,
and S91 (FIG. 2) neither induce basophil CD63 expression,
nor trigger basophil histamine release with the concentration
up to 50 ug/ml (FIG. 3). E14, E17, E23, and E59 were
derived from Founder F17, S91 was derived from Founder
F11, and H6.2 was derived from Founder P6.2. These
hILAAIGEs at concentrations up to 100 ug/ml did not trigger
degranulation (using p-hexoaminidase-c¢. as the degranula-
tion marker) of the cultured skin mast cells (FIG. 4) and
freshly 1solated lung mast cells (FIG. §5). With hFceRla Tg
mouse model, the hLAAIGEs neither trigger local PCA
reaction up to 50 g/ml (FIG. 6), nor systemic anaphylaxis
(data not shown, using the data from E39 as an example,
FIG. 7 and FIG. 8). These comprehensive data demonstrated
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that the selected hLAAIGEs lack the capacity to trlgger
degranulation/mediator release from the allergic eflector
cells.

[0056] In contrast to polyclonal anti-IgE that induces

basophil activation, ES9 did not induce CD63 expression
(F1G. 9). E59 also tniggered weak CID203c¢ expression (FIG.

10).

Therapeutic Effects of hLAAIGESs

[0057] The peanut and cat allergic subjects’ blood baso-
phil activation test (BAT), the peanut allergic IgE mediated
passive cutaneous anaphylaxis (PCA) and dansyl-IgE medi-
ated systemic anaphylaxis in human FceRlIa transgenic

mouse model were employed to assess the therapeutic
cllects of the hLAAIGEs. The BAT data presented in FIG.

11 to FI1G. 14 showed that both peanut (FIG. 11 and FIG. 12)
and cat (FIG. 13 and FIG. 14) allergic subjects BAT were
profoundly suppressed by hLAAIGEs 1n a dose-dependent
fashion, demonstrating that these selected hLLAAIGESs
exhibited profoundly blocking effects on both peanut and cat
allergic BAT. In hFceRlIa Tg mouse model, the hLAAIGEs
suppressed the peanut allergic IgE mediated PCA (FIG. 15
to FIG. 17) and dansyl-IgE mediated systemic anaphylaxis
(FIG. 18 and FIG. 19).

Confirmation of the Mechamism of Action of hLAAIGEs
[0058] Because hLAAIGE clone E59 displayed an excel-
lent safety profile and therapeutic etiects, ES9 was used to
confirm the mechanism of action of the hLAAIGEs. With
FITC-labeled human IgE sensitized hFceRIa positive bone-
marrow derived mast cells (BMMC), the IgE was mostly
confined 1n the cell surface, with minimum intracellular
green signal 1n the control hlgG1 treated BMMC. In con-
trast, the E59, but not the hig(G1l control, treated BMMC
displayed significant intracellular IgE (green signal) that
dispersed through all the levels in confocal sections (FIG. 20
and FIG. 21), demonstrating that E59, but not the control
hlgG1, triggered the internalization of the surface IgE.
[0059] In electron microscopy examination of the pheno-
type of the granules of the skin mast cells, the PBS (as a
control) treated skin mast cells mostly exhibited the intact
clectron-dense granules (green arrows) with minimal piece-
meal degranulation (PD, red arrow) sign (FIG. 22), indicat-
ing that normal skin mast cells also underwent low level PD
as the normal function of mast cell biology. The E59 treated
mast cells (50 ug/ml for 30 minutes) displayed the appar-
ently typical PD changes of the granules (FIG. 23), indicat-
ing that E39 induce PD-like change of the granules. As a
positive control for anaphylactic degranulation, the skin
mast cell treated with polyclonal anti-IgE antibody showed
apparent anaphylactic degranulation that fused most of the
intracellular granules, with residual amount of PD pheno-
type visible i electron microscopy (FIG. 24). Taken
together, these data demonstrated that the hLAAIGE E59
triggers surface IgE internalization, and piecemeal degranu-
lation.

[0060] Using BLAST sequence alignment tools and analy-
s1s was used to analyze the sequences of the humanized
clones E39, E14, E17, E23, and S91. The lowest percent
identity of the VH sequences (over the entire sequence) of
the humanized clones 1s about 91%. Therefore, in some
embodiments, hL AAIGEs according to the present mnven-
tion have a VH sequence with a percent 1dentity of at least
about 90% up to 100%, preferably about 91% up to 100%,
more preferably about 95% up to 100%, even more prefer-
ably about 97% up to 100%, and most preferably about 99%
up to 100% to SEQ ID NO:1 as follows:
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(SEQ ID NO: 1)
QVOLVOSGSELKKPGASVKVSCKASGY TETNYGMNWVROAPGOGLEWMGWINTYTGEPTYADDEKG

REVEFSLDTSVSTAYLOQISSLKAEDTAVYYCARGAASHTMDYWGOGTTVITVSSASTKGPSVEFPLAPS
SKSTSGGTAALGCLVKDYFPEPVITVSWNSGALTSGVHTEFPAVLOSSGLYSLSSVVTVPSSSLGTQT
YICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELEFPPKPKDTLMISRTPEVTCVV

VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALP

APIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGOQPENNYKTTP

PVLDSDGSEFFLY SKLTVDKSRWOOGNVESCSVMHEALHNHYTOKSLSLSPGK

[0061] Between the humanized clones, the percent identity
of portions of the VH sequences varied. For example, the

percent 1dentity of the humanized clones ranged from about
75% to 100% for the following portion of the VH sequence:

(SEQ ID NO: 2)
OvOLVOSGSELKKPGASVKVSCKASGYTETNYGMNWVRQAPGOGLEWMGWINTYTGEPTYADDFKG

REVESLDTSVSTAYLQISSLKAEDTAVYYCARGAASHTMDYWGOQGTTVITVSSASTKGPSVEFPLAPS

SKSTSGGTAALGCLVKDYFPEPVTVSW

[0062] Therefore, 1n some embodiments, hIL.AAIGEs
according to the present invention have a portion of a VH
sequence having a percent 1dentity of about 75% to about
100%, preferably about 80% to about 100%, more prefer-
ably about 90% to 100%, even more preferably about 95%
to about 100%, and most preferably about 99% to 100% to
SEQ ID NO:2.

[0063] Thus, 1n some embodiments, h AAIGEs according
to the present invention have a VH sequence having a
percent 1dentity of at least about 90% up to 100% to SEQ 1D
NO:1 and a portion of the VH sequence has a percent
identity of about 75% to about 100%, preferably about 80%
to about 100%, more preterably about 90% to 100%, even
more preferably about 95% to about 100%, and most pret-
erably about 99% to 100% to SEQ ID NO:2.

[0064] Four of five humamzed clones have VL sequences

(over the entire sequence) that have a percent identity of
about 99% to:

(SEQ ID NO: 3)
DIVMTQSPDSLAVSLGERATINCRASQSVSTSSHSYMHWYQOKPGOPPKLLIYYASNLESGVPDRE

SGSGSGTDETLTISSLOAEDVAVYYCOHSWEI PWTEFGOGTKLEIKRTVAAPSVEIFPPSDEQLKSG
TASVVCLLNNFY PREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC

EVTHQGLSSPVTKSEFNRGEC

[0065] Therefore, 1n some embodiments, hIL.AAIGEs

according to the present mnvention have a VL sequence with

a percent 1dentity of at least about 99% up to 100% to SEQ
ID NO:3.

[0066] The fifth humamzed clone, however, has a percent
identity ol about 65% to about 68% to the four humanized
clones over a portion of the VL sequence, 1.e., SEQ ID NO:4,
as follows:
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(SEQ ID NO: 4)
YMHWYOQQOKPGOPPKLLIYYASNLESGVPDRFSGS

[0067] Therefore, 1n some embodiments, hLLAAIGEs

according to the present invention have a portion of a VL
sequence with a percent identity of at least about 65% up to
100% to SEQ ID NO:4. In some embodiments, hLAAIGEs
according to the present invention have a portion of a VL
sequence with a percent 1dentity of about 65% to about 70%
to SEQ ID NO:4. In some embodiments, hLAAIGEs accord-
ing to the present invention have a portion of a VL sequence
selected from the group consisting of:

(SEQ ID NO: 4)
YMHWYQOKPGOPPKLLIYYASNLESGVPDRESGS,

(SEQ ID NO: 5)
YMHWYQOKPGOPPKLLIYYASNLKAGVPDRFSGS,
and

(SEQ ID NO: 6)
YVSWYQQOHPGKAPKLMIYEVSKRPSGVPDREFSGS.
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-H(X),YXC XVTHXG(X), ,SXVXK(X).EC(X),.; (SEQ
ID NO:16), wherein each X 1s mndependently any amino
acid.

[0071] Insome embodiments, the hLAAIGEs according to
the present invention comprise a VH chain that comprises
VQLX1QSG (SEQ 1D NO:17),
PGX2SX3X4X5SCX6ASGXT7TF (SEQ ID NO:18),
WVRQAPGX8GLEW (SEQ 1D NO:19),
WGXI9GTX10VTVSSA (SEQ 1D 1
SLXIX12X13DTAVYYCAR (SEQ ID NO:21), and
RX14X15X16X17X18DX195X20X21 T (SEQ ID NO:22),
wherein X1 to X21 are each independently any amino acid.

In some embodiments, X1 1s V or G, preferably V, X2 1s A
or R, preterably A, X3 1s L or V, preferably V, X4 1s K or R,

preferably K, X5 1s L or V, preferably V, X6 1s A or K,
preferably K, X7 1s F or Y, preferably Y, X8 1s K or Q,
preferably Q, X91s R or Q, X101s L or T, X11 1s T, K, or
R, X121sAorS, X131isEorD, X141sForV, X151s T or
V,X161s I, F,or M, X171s Sor T, X181s L., R, or T, X19
1s N or T, preferably T, X20 1s K, T, or V, and X21 1s N or
S, preferably S. In some embodiments, the VH chain com-
prises at least 10, 20, 30, 40, or 50 consecutive amino acid
residues of

(SEQ ID NO: 23)

TKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEPAVLOSSGL

YSLSSVVTVPSSSLGTOQTY ICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS

VELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNST

YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELT

KNOVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELYSKLTVDKSRWQO

GNVEFSCSVMHEALHNHYTOKSLSLSPGEK.

[0068] Insomeembodiments, hLAAIGEs according to the
present invention have a VL sequence with a percent identity
of at least about 99% up to 100% to SEQ ID NO:3, and a VH
sequence having a percent 1dentity of about 75% to about
100%, preferably about 80% to about 100%, more prefer-
ably about 90% to 100%, even more preferably about 95%
to about 100%, and most preferably about 99% to 100% to
SEQ ID NO:2.

[0069] Further sequence analysis using BLAST align-
ments revealed that the hL AAIGEs according to the present
invention comprise a VH chain that comprises DTAVY Y-
CAR (SEQ ID NO:7), WVRQAPG (SEQ ID NO:8), GLEW
(SEQ ID NO: 9) and VIVSSA (SEQ ID NO:10), and a VL
chain comprising LQAED (SEQ ID NO:11), AAPSV (SEQ
ID NO:12), GTKL (SEQ ID NO:13), and RFSGS (SEQ ID
NO:14).
[0070] Insomeembodiments, the hL AAIGESs according to
the present invention comprise a VH chain having (X),.
1 VQLXQSG(X) PGXS(X);SCXASGXT F(X)
« WVROQAPGXGLEW(X),1(X),G(X), Y(X)R(X).DXS(X)
S, T(X)SL(X);DTAVYYCAR(X)_,  WGXGTXVTVSSAS
(SEQ ID NO:15) and a VL chain having (X),TQ(X),_,PXS
(X),SXG(X), TIXC(X),,SCOV(X)s., QX),PG(X)
,PKLXIY(X), ,S(X);S(X),_, RFSGSXSG(X)
JLTXSXLQAEDXAXYYC(X) ,Q(X) s FGXGTKL(X),_
7AAPSV(X),FPPSXE XL(X),A(X),VCL(X);FYP(X)
4 VAWKXD(X)s sG(X), 3E(X), T(X)s Y (X),SSXLXL(X)

[0072] Insome embodiments, the hLAAIGEs according to
the present invention comprise a VL chain that comprises
REFSGSX22SG (SEQ ID NO:24),
LCTX235X24LQAEDX254AX26YY (SEQ ID NO:25),
FGX27GTKL (SEQ 1D NO:26),
AAPSVX28X29FPPSX30EX31IL (SEQ ID NO:27),
AX32X33VCLX34X35X36FYP (SEQ ID NO:28),
HX37X38YX39CX40VTHX41G (SEQ ID NO:29),

PX425X43X44X455X45GX47X48X49TIXS50C (SEQ 1D
NO:30), QX351X52PGX33X54PKLX551Y  (SEQ  ID
NO:31), wherein X22 to X55 are each independently any
amino acid. In some embodiments, X22 1s G or K, X23 15 |
orV,X241sGor S, X251sEor 'V, X261s D or V, X27 1s
G,S,orQ,X281sForT,X291slor L, X301s D or S, X31
1s EorQ, X321s SorT, X331sLorV, X34 1s IorL, X35
1IsNorS, X361sDor N, X371s KorR, X381s SorV, X39
1sAorS, X401s E or Q, X41 1s E or Q, X42 1s A, D, or P,
X431s A, L,orV, X441s Aor S, X451s Gor V, X46 1s L
or P, X471s Eor Q, X481s R or S, X491s A, I, or V, X50
1s N or S, X51 1s H or Q, preferably Q, X352 1s H or K, X353
1s K or Q, X34 1s A or P, and X35 1s L or M. In some

embodiments, the VL chain comprises
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(SEQ ID NO: 32)
DIVMTQSPDSLAVSLGERATINCRASQSVSTSX56HSYMHWYQOKPGOPPKLLIYYASNLXEY

X58GVPDREFSGSGSGTDFTLTISSLOAEDVAVYYCOQHSWEIPWTFGOQGTKLEIKRTVAAPSVE

IFPPSDEQLKSGTASVVCLLNNEFYPREAKVOWKVDNALOQSGNSQESVTEQDSKDSTYSLSST

LTLSKADYEKHKVYACEVTHOQGLSSPVTKSEFNRGEC,

S, X57 1g E or K, XE8 1g A or S,

[0073] Insome embodiments, the hLAAIGEs according to
the present invention bind human IgE with a low athnity of
about 1x107™> M to about 1x10~" M Kd (as measured by the
Biacore method). Specifically, the hLAAIGEs as exempli-
fied herein, bind human IgE with an affinity of about 5x107>
M to about 7x107® M Kd. In some embodiments, the IgE
epitope recogmzed by the hLAAIGEs comprises at least 10
consecutive amino acid residues of NPRGVSAY-
LSRPSPFDLFIRKSPTITCLVVD-
LAPSKGTVNLTWSRASGKPVNHSTRKEEK
QRNGTLTVTSTLPVGTRDWIEGETYQCRVTHPHL-
PRALM (SEQ ID NO:33). In some embodiments, the IgE
epitope recognized by the hLAAIGEs comprises, consists
essentially of, or consists of one or more of the following

sequences YQCRVTHPHLPR (SEQ ID NO:34),
YQCRVTHPHLPRALM (SEQ 1D NO:33),
ETYQCRVTHPHLPR (SEQ ID NO:36),

ETYQCRVTHPHLPRALM (SEQ ID NO:37), PRGVSAY-
LSR (SEQ ID NO:38), NPRGVSAYLSR (SEQ ID NO:39),
PSPFDLFIRK (SEQ ID NO:40), RPSPFDLFI (SEQ ID
NO:41), RPSPFDLFIRK (SEQ ID NO:42), PRGVSAY-
LSRPSPFDLFI (SEQ ID NO:43), PRGVSAYLSRPSPFDL-
FIRK (SEQ ID NO:44), and NPRGVSAYLSRPSPFDL-
FIRK (SEQ ID NO:45).

[0074] Insome embodiments, hLAAIGEs according to the
present ivention inhibit activation (e.g., degranulation) of
cllector cells that express FceRI, such as mast cells, baso-
phils, eosinophils, and the like. In some embodiments,
hILAAIGEs according to the present invention inhibit acti-
vation (e.g., degranulation) of an eflector cell by binding to
FceRI-bound IgE. In some embodiments, hLLAAIGEs
according to the present invention—upon binding to recep-
tor-bound IgE—do not themselves result i cell activation
(e.g., do not result in crosslinking of neighboring IgE-FceRI
complexes). In some embodiments, hL AAIGEs according to
the present invention specifically bind to circulating and
receptor-bound IgE, binds to IgE with low aflinity and
inhibits activation of cells that express the high athinity IgE
receptor (FceRI). In some embodiments, hLAAIGEs
according to the present invention reduce the amount of IgE
bound to the surface of cells that express the high atlinity
IgE receptor (FceRI). In some embodiments, hLAAIGESs
according to the present invention reduce the amount of
surface-bound IgE by triggering internalization of IgE (e.g.,
which may be present as an IgE-FceRI complex) by the
cllector cell (e.g., a basophil, mast cell, eosinophil, and/or
the like). In some embodiments, hLAAIGEs according to
the present invention reduce the amount of high athnity IgE
receptor (FceRI) on the surface of cells (e.g., eflector cells).
Such hLAAIGEs may, for example, reduce the amount of
surface FceRI by triggering internalization of FceRI (e.g.,
which may be present as an IgE-FceRI complex) by the

ellector cell (e.g., a basophil, mast cell, eosinophil, and/or
the like).

wherein X56 1g A or

[0075] Insome embodiments, hLAAIGEs according to the
present invention activates piecemeal degranulation in etlec-
tor cells (e.g., a basophil, mast cell, eosinophil, and/or the
like). In “piecemeal degranulation”, granule proteins are
mobilized and released by a mechamism that: (1) does not
involve the wholesale secretion of granule content like 1n
exocytosis; (11) leaves behind partially empty membrane-
bound granule chambers; and (111) depends on the traflicking
of small vesicles. See, e.g., Bandeira-Melo & Weller (2005)
Mem. Inst. Oswaldo Cruz 100 (Supp. 1):73-81. Piecemeal
degranulation 1s associated with allergic/effector cell desen-
sitization, but not anaphylactic degranulation. In some
embodiments, hLAAIGEs according to the present inven-
tion activate piecemeal degranulation, but not anaphylactic
degranulation, in the eflector cells (e.g., basophils, mast
cells, eosinophils, and/or the like). Suitable approaches for
determining whether an antibody activates piecemeal
degranulation are known and include, e.g., assaying for
upregulation of CD203c¢ 1n cells exposed to the antibody.
Specifically, the upregulation of CD203¢ on ex vivo baso-
phils can serve as a biomarker for piecemeal degranulation.
CD203¢ upregulation can also serve as a biomarker of
therapeutic potential, whereas the inability to trigger CD63
expression of hLAAIGE from basophils could be used to
monitor the safety of hLAAIGEs.

[0076] Insomeembodiments, h AAIGEs according to the
present invention that bind to circulating and receptor-bound
IgE also bind to membrane IgE (or “mlIgE™). IgE exists 1n a
B cell membrane-anchored form (membrane IgE) and 1n
several secreted forms. See Zhang, et al. (1994) I. Biol.
Chem. 269:456-462. These distinct forms are splice vari-
ants. The main secreted form of IgE 1s generally a shorter
form with the Fc region essentially terminating at the Ce4
domain, whereas membrane IgE includes additional C-ter-
minal residues including the peptides encoded by the exons
known as M1/M1' and M2. An anti-IgE hLAAIGE accord-
ing to the present invention may bind to any epitope of mIgE
that 1s also available for binding 1n circulating and receptor-
bound IgE. For example, the anti-IgE antibody may bind to
an epitope 1n any of the Cel, Ce2, Ce3, or Ced4 domains
available for binding in circulating, receptor-bound and
membrane IgE. In binding to membrane IgE, the antibody
may inhibit IgE production, e.g., by inhibiting the matura-
tion of IgE-expressing B cells.

[0077] The epitope of hLAAIGESs according to the present
invention may be present 1n any suitable region of IgE, so
long as the epitope 1s accessible for binding when the IgE 1s
receptor-bound (e.g., bound to FceRI or FceRII (CD23)).
Details regarding the structure of IgE are found 1n Zheng, et
al. (Biochemistry (1991) 30:9125-9132), Wan, et al. (Nature
Immunology (2002) 3:681-686) and Gould and Sutton (Na-
ture Reviews Immunology (2008) 8:2053-217), the disclo-
sures of which are incorporated herein by reference in their
entireties for all purposes. The heavy e-chain of IgE may be
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divided 1nto five domains, which from C-terminus to N-ter-
minus 1nclude: the Ce4 domain, the Ce3 domain, the Ce2
domain, the Cel domain, and the variable heavy chain
region/domain (V,,). An antibody according to the present
disclosure may recognize an epitope, e.g., in the Ce4
domain, the Ce3 domain, the Ce2 domain, or the Cel
domain of IgE. In some embodiments, hLAAIGEs accord-
ing to the present invention do not recognize an epitope 1n
the Ce3 domain of human IgF.

[0078] Two IgE-epitopes bound by five hLAAIGEs were
mapped with CLIP technology (Pepscan Inc). The antibod-
1ies were tested using a Pepscan array containing linear and
single loop epitope mimics. Linear epitope candidates were
determined for E17, E59, and S91. The IgE epitope bound
by H6.2 was unable to be determined. An HRP conjugate
used for the detection was tested as a negative control and
weakly bound to few peptides on the array. Antibodies E17
and ES9 generally yielded very similar binding profiles with
one dominant peak of relatively low intensity. Noteworthy,
for both antibodies signal intensities recorded with single
loop peptides containing sequence YQCRVTHPHLPRALM
(SEQ ID NO:335) were generally higher than signal intensi-
ties recorded with their linear analogs. Antibody S91 repeat-
edly displayed binding profiles with multiple peaks of
similar signal intensities. Such results indicate recognition
of discontinuous epitopes, e.g., a conformational epitope.
However, recorded data allowed proposing three epitope
candidates, one of which partially overlaps with the epitope

1dentified for E17 and E59.

[0079] Insomeembodiments, hLLAAIGEs according to the
present invention specifically bind to circulating and recep-
tor-bound IgE and inhibits antigen-mediated (e.g., allergen-
mediated) activation (e.g., degranulation) of eflector cells
that express the high aflinity IgE receptor (FceRI), such as
basophils, mast cells, and/or eosinophils. For example, the
antibody can mhibit effector cell activation by 5% or more,
10% or more, 15% or more, 20% or more, 25% or more,
30% or more, 40% or more, 50% or more, 60% or more,
70% or more, 80% or more, 90% or more, or 95% or more,
compared to the degree of eflector cell activation 1n the
absence ol the antibody. Effector cell activation may be
determined using any convenient approach for the effector
cell of interest, including the basophil activation test (BAT)
and Passive Cutaneous Anaphylaxis (PCA) assay, described
below 1n more detail in the Examples section. In some
embodiments, hLAAIGEs according to the present inven-
tion block or reduce eflector cell activation when present at
concentrations of from 0.01-5 ug/ml, such as from 0.03-2.5
ug/ml, e.g., 0.05-1 ug/ml.

[0080] To test whether crosslinking, 1.e., anti-hLAAIGE/
hLAAIGE complexes, would induce activation/adverse
reactions, hFceRIa Tg mice were loaded systemically with
human IgE and treated systemically with hLAAIGE (a
human IgGl). The anmimals were then given polyclonal
anti-human IgG to cross link the hLAAIGE. No systemic
reactivity occurred (FIG. 25), 1.e., crosslinking did not
induce anaphylactic degranulatlon Additionally, human
mast cells were treated 1n vitro with hLAAIGE or hLAAIGE
that had been incubated/crosslinked with anti-human IgG
and no evidence of activation or mediator release was
observed under either condition. This data demonstrates that
the hLAAIGEs lack the capacity to trigger degranulation/
mediator release from the allergic effector cells 1n vitro, ex
vivo, and 1n vivo.
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[0081] Therefore, 1n some embodiments, hLLAAIGEs
according to the present mvention specifically bind to cir-
culating and receptor-bound IgE, and reduces or eliminates
antigen-mediated (e.g., allergen-mediated) crosslinking of
neighboring IgE/FceRI complexes on the surface of an
ellector cell, e.g., such as a basophil, mast cell or eosinophial.
For example, the antibody may reduce crosslinking of
neighboring IgE/FceRI complexes by 5% or more, 10% or
more, 15% or more, 20% or more, 25% or more, 30% or
more, 40% or more, 50% or more, 60% or more, 70% or
more, 80% or more, 90% or more, or 95% or more,
compared to the degree of IgE/FceRI complex crosslinking
in the absence of the antibody.

[0082] Insomeembodiments, h AAIGEs according to the
present invention reduce the amount of IgE on the surface of
cells that express FceRI by 10% or more, 20% or more, 30%
or more, 40% or more, 50% or more, 60% or more, 70% or
more, 30% or more, 90% or more, or 935% or more, as
compared to the amount of IgE bound to the surface of the
cells 1n the absence of the antibody. In some embodiments,
hILAAIGEs according to the present invention can reduce
the amount of IgE bound to the surface of the cells when
present at a concentration of from 0.01-10 pg/ml, such as
0.05-5 ug/ml, e.g., 0.1-2 ng/ml.

[0083] Insome embodiments, hL AAIGEs according to the
present mvention induce partial FceRI pathway signaling
that functions as antagonist to attenuate full FceRI activation
signaling like that resulting from administration with a low
dose of allergen. See, e.g., Rotiroti, et al. (2012) ] Allergy
Clin Immunol. 130:918. Proper phosphorylation of syk,
ERK, p38-MAPK, and AK'T i1s associated with FceRI acti-
vation signaling leading to anaphylactic degranulation. E59
was found to induce partial FceRI pathway signaling that
attenuates FceRI activation signaling. E59, at relatively high
concentration (10-50 g/ml), weakly induce phosphorylation
of syk, ERK, p38-MAPK, and AKT, compared with that of
polyclonal anti-IgE Ab induced phosphorylation (E59@ 10
ug/ml, FIG. 26). Human basophils, when pretreated with
ES39 for 30 minutes, show an attenuated phosphorylation of
syk, ERK, p38-MAPK, and AKT (PAE vs E59(@ 2 ng/ml,

FIG. 26) when Subsequently stimulated with the high-
allinity polyclonal anti-IgE antibody. This attenuated phos-
phorylation was not observed when the basophils were
concurrently stimulated with E59 and the high aflinity
polyclonal anti-IgE antibody. E59 induced partial activation
of FceRI signaling that rendered these allergy effector cells
unresponsive to later tull activation via FceRI cross-linking.

[0084] Therefore, 1n some embodiments, one or more
hLLAAIGEs according to the present mnvention are adminis-
tered to subjects to attenuate FceRI activation signaling
and/or anaphylactic degranulation. In some embodiments,
one or more hLAAIGEs according to the present invention
are administered to subjects to attenuate phosphorylation of
syk, ERK, p38-MAPK, and/or AKT.

[0085] HLAAIGEs according to the present invention
may include one or more (e.g., one or two) heavy chain
variable regions (VH) and/or one or more (e.g., one or two)
light chain varnable regions (VL), or sub-fragments thereof
capable of binding to an epitope. The VH and VL regions
can be further subdivided into complementarity determining
regions (CDRs), which are regions of hypervariability, inter-
spersed with framework regions (FRs), which are regions
that are more conserved than CDRs. The extent of the CDRs
and FRs have been precisely defined (see, Kabat, et al.
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(1991) Sequences of Proteins of Immunological Interest,
Fifth Edition, U.S. Department of Health and Human Ser-
vices, NIH Publication No. 91-3242; Chothia, et al. (1987)
J. Mol. Biol. 196: 901-917). A VH can comprise three CDRs
and four FRs arranged from N-terminus to C-terminus 1n the
following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,
FR4. Stmilarly, a VL can comprise three CDRs and four FRs

arranged from N-terminus to C-terminus in the following
order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4.

[0086] The VH or VL chain of an antibody can further
include all or part of a heavy or light chain constant region,
to thereby form a heavy or light immunoglobulin chain,
respectively. In some embodiments, hL AAIGEs are tetram-
ers of two heavy and two light chains, wherein the heavy and
light chains are interconnected by, for example, disulfide
bonds. The heavy chain constant region 1s comprised of
three domains, CH1, CH2 and CH3. The light chain constant
region 1s comprised of one domain, CL. The variable regions
of the heavy and light chains comprise binding regions that
interact with antigen. The constant regions of the antibodies
typically mediate the binding of the antibody to host tissues
and factors, including various cells of the immune system
and the first component of the complement system. In some
embodiments, hL AAIGEs according to the present inven-
tion are IgG (e.g., an IgG1) 1sotype antibodies.

[0087] The term “immunoglobulin™ may refer to a protein
consisting of one or more polypeptides substantially
encoded by immunoglobulin genes. The recognized human
immunoglobulin genes include the kappa, lambda, alpha
(IgAl and IgA2), gamma (IgG1, 1gG2, 1gG3, IgG4), delta,
epsilon, and mu constant region genes; and numerous 1mmu-
noglobulin variable region genes. Full-length immuno-
globulin light chains (about 25 kD or 214 amino acids) are
encoded by a variable region gene at the N-terminus (about
110 amino acids) and a kappa or lambda constant region at
the C-terminus. Full-length immunoglobulin heavy chains
(about 50 kD or 446 amino acids) are encoded by a variable
region gene at the N-terminus (about 116 amino acids) and
one of the other atorementioned constant region genes at the
C-terminus, e.g., gamma (encoding about 330 amino acids).
In some embodiments, hLAAIGEs according to the present
invention comprise a full-length 1immunoglobulin heavy
chain and a full-length immunoglobulin light chain.

[0088] Insomeembodiments, hLAAIGEs according to the
present invention do not comprise a full-length 1mmuno-
globulin heavy chain and a full-length immunoglobulin light
chain, but mstead comprise antigen-binding fragments of a
tull-length immunoglobulin heavy chain and/or a full-length
immunoglobulin light chain. In some embodiments, the
antigen-binding fragments are contained on separate poly-
peptide chains; in other embodiments, the antigen-binding,
fragments are contained within a single polypeptide chain.
For example, 1n some embodiments, the IgE binding frag-
ment specifically binds to circulating and receptor-bound
IgE, binds to IgE with low aflinity, and 1nhibits activation of
cells that express the high aflinity IgE receptor (FceRI).
According to some embodiments, the IgE binding fragment
specifically binds to circulating and receptor-bound IgE, and
inhibits activation of cells that express the high athnity IgE
receptor (FceRI).

[0089] Examples of antigen-binding fragments include (1)
a Fab fragment (a monovalent fragment consisting of the V,,
V., CL and CH1 domains); (11) a F(ab'), fragment (a

bivalent fragment comprising two Fab fragments linked by
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a disulfide bridge at the hinge region); (111) a Fd fragment
(consisting of the V,, and CH1 domains); (1v) a Fv fragment
(consisting of the V., and V,; domains of a single arm of an
antibody); (v) a dAb fragment (consisting of the V,
domain); (v1) an 1solated CDR; (vi1) a single chain Fv (scFv)
(consisting of the V,, and V, domains of a single arm of an
antibody joined by a synthetic linker using recombinant
means such that the V., and V,; domains pair to form a
monovalent molecule); (vin) diabodies (consisting of two
scFvs 1n which the V, and V,; domains are joined such that
they do not pair to form a monovalent molecule; the V,, of
cach one of the scFv pairs with the V,; domain of the other
scFv to form a bivalent molecule); (1x) bi-specific antibodies
(consisting of at least two antigen binding regions, each
region binding a different epitope). In some embodiments,
the fragment 1s a Fab fragment or 1s a single-chain antibody

(sckv).

[0090] Insome embodiments, hL AAIGEs according to the
present imvention are recombinant or modified antibodies,
¢.g., chimeric, detmmunized, and/or 1n vitro generated anti-
bodies. The term “recombinant” or “modified” as applied to
antibodies and as used herein 1s intended to include all
antibodies that are prepared, expressed, created, or 1solated
by recombinant means, such as (1) antibodies expressed
using a recombinant expression vector transfected into a
host cell; (11) antibodies 1solated from a recombinant, com-
binatorial antibody library; (111) antibodies 1solated from an
amimal (e.g., a mouse) that 1s transgenic for human 1immu-
noglobulin genes; or (1v) antibodies prepared, expressed,
created, or 1solated by any other means that involves splicing
of human immunoglobulin gene sequences to other DNA
sequences. Such recombinant antibodies include humanized,
CDR grafted, chimeric, detmmunized, and 1n vitro generated
antibodies; and can optionally include constant regions
derived from human germline immunoglobulin sequences.

[0091] Insome embodiments, h AAIGEs according to the
present 1nvention comprise scFv multimers. In some
embodiments, hLAAIGEs according to the present inven-
tion comprise a constant region of an immunoglobulin (e.g.,
an Fc region). In some embodiments, hL AAIGEs according
to the present invention comprise a iree thiol (—SH) group
at the carboxyl terminus, where the free thiol group can be
used to attach the antibody to a second polypeptide (e.g.,
another antibody, including a subject antibody), a scaflold, a
carrier, etc. In some embodiments, hLAAIGEs according to
the present invention include one or more non-naturally
occurring amino acids. In some embodiments, hL AAIGEs
according to the present invention have a moiety of interest,
¢.g., a detectable label, drug, toxin, half-life-extending moi-
ety, and the like, attached thereto. In some embodiments,
hILAAIGEs according to the present invention are glycosy-
lated, e.g., the hLAAIGEs include a covalently linked car-
bohydrate or polysaccharide moiety. In some embodiments,
hILAAIGEs according to the present invention are covalently
linked to a second moiety (e.g., a lipid, a polypeptide other
than a subject antibody, a synthetic polymer, a carbohydrate,
and the like) using for example, glutaraldehyde, a homobi-
functional cross-linker, or a heterobifunctional cross-linker.
In some embodiments, hLAAIGEs according to the present
invention are immobilized on a solid support. In some
embodiments, hL AAIGEs according to the present mnven-
tion include a detectable label. In some embodiments,
hLLAAIGEs according to the present mmvention include a
contrast agent or a radioisotope. In some embodiments,
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hILAAIGEs according to the present immvention include a
“radiopaque™ label, e.g., a label that can be easily visualized
using, for example, x-rays. In some embodiments,
hILAAIGEs according to the present invention are linked to
(e.g., covalently or non-covalently linked to) a fusion part-
ner, €.g., a ligand; an epitope tag; a peptide; a protein other
than an antibody; and the like. In some embodiments,
hILAAIGEs according to the present invention are covalently
linked to a carbohydrate moiety. In some embodiments,
hILAAIGEs of the present invention are covalently linked to
a lipid moiety. In some embodiments, hLAAIGEs of the
present invention are incorporated into a liposome. These
and other embodiments, as contemplated for the antibodies
described 1n WO 2015/013668, are contemplated herein for

the hLAAIGEs according to the present invention.

Methods of Producing an Antibody

[0092] hLAAIGEs according to the present invention may
be produced by any method 1n the art, e.g., protein synthesis,
recombinant techniques, eftc.

[0093] Recombinant techniques can be used for produc-
tion of hLAAIGEs according to the present invention. For
example, nucleic acids encoding light and heavy chain
variable regions, optionally linked to constant regions, are
inserted 1into expression vectors. The light and heavy chains
can be cloned 1 the same or diflerent expression vectors.
The DNA segments encoding immunoglobulin chains are
operably linked to control sequences in the expression
vector(s) that ensure the expression of immunoglobulin
polypeptides. Expression control sequences include promot-
ers (e.g., naturally-associated or heterologous promoters),
signal sequences, enhancer elements, and transcription ter-
mination sequences. The expression control sequences can
be eukaryotic promoter systems 1n vectors capable of trans-
forming or transfecting eukaryotic host cells (e.g., COS or
CHO cells). Once the vector has been incorporated into the
appropriate host, the host 1s maintained under conditions
suitable for high level expression of the nucleotide
sequences, and the collection and purification of the anti-

bodies.

[0094] In some embodiments, hLLAAIGEs according to the
present invention are single chain polypeptides, and can be
synthesized using chemical peptide synthesis methods in the
art. For example, techniques for solid phase synthesis are
described by Barany and Merrifield, Solid-Phase Peptide
Synthesis; pp. 3-284 1n The Peptides: Analysis, Synthesis,
Biology. Vol. 2: Special Methods 1n Peptide Synthesis, Part
A., Merrifield, et al. J. Am. Chem. Soc., 85: 2149-2156
(1963); Stewart, et al., Solid Phase Peptide Synthesis, 2nd
ed. Pierce Chem. Co., Rockiord, Ill. (1984); and Ganesan A.
2006 Mini Rev. Med Chem. 6:3-10 and Camarero J A, et al.
2005 Protein Pept Lett. 12:723-8.

[0095] Once synthesized (either chemically or recombi-
nantly), hLAAIGEs according to the present invention can
be purified using methods 1n the art, including ammonium
sulfate precipitation, aflinity columns, column chromatog-
raphy, lhigh performance liquid chromatography (HPLC)
purification, gel electrophoresis, and the like (see generally
Scopes, Protein Purification (Springer-Verlag, N.Y., (1982)).
As used herein, a “synthesized” antibody refers to an anti-
body or a binding fragment thereof that has been made using,
either chemical synthetic methods or recombinant methods
known 1n the art.
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Nucleic Acid Molecules

[0096] In some embodiments, the present imvention 1is
directed to nucleic acid molecules that encode one or more
amino acid sequences ol hLAAIGEs. Such nucleic acid
molecules may be operably linked to one or more regulatory
clements, such as a promoter and enhancer, that allow
expression of the nucleotide sequence 1n the intended target
cells (e.g., a cell that 1s genetically modified to synthesize
the encoded antibody). Suitable promoters and enhancers
are known 1n the art.

Vectors

[0097] In some embodiments, the nucleic acid molecules
are present 1n an expression vector and/or a clonming vector.
Where hLAAIGEs of the present invention comprise two
separate polypeptides, nucleotide sequences encoding the
two polypeptides can be cloned in the same or separate
vectors. Suitable vectors are known in the art, and can
include a selectable marker, an onigin of replication, and
other features that provide for replication and/or mainte-
nance of the vector.

Cells

[0098] In some embodiments, host cells according to the
present invention contain one or more nucleic acid mol-
ecules according to the present invention. In some embodi-
ments, the host cells are capable of producing hL AAIGEs
according to the present invention. In some embodiments,
the host cells are hybridomas.

Compositions

[0099] In some embodiments, compositions according to
the present invention comprise one or more hLAAIGESs. In
some embodiments, the compositions comprise an effective
amount of the one or more hLAAIGEs. In some embodi-
ments, the compositions are substantially pure, e.g., at least
about 80% to 85% pure, at least about 85% to 90% pure, at
least about 90% to 95% pure, or 98% to 99%, or more, pure,
¢.g., Iree from contaminants, such as cell debris, by-products
resulting from the synthesis of the one or more hL AAIGEs,
and biomolecules other than the hLAAIGEs. In some
embodiments, the compositions according to the present
invention comprise one or more of: a salt, e.g., NaCl, Mg(Cl,,
KCl, MgSO,, etc.; a bullering agent, e.g., a Tris bufler,
N-(2-Hydroxyethyl)piperazine-N'-(2-ethanesulifonic  acid)
(HEPES), 2-(N-Morpholino)ethanesulfonic acid (MES),
2-(N-Morpholino)ethanesulfonic acid sodium salt (MES),
3-(N-Morpholino)propanesulionic acid (MOPS), N-tris[Hy-
droxymethyl]methyl-3-aminopropanesulionic acid (TAPS),
etc.; a solubilizing agent; a detergent, €.g., a non-ionic
detergent such as Tween-20, etc.; a protease inhibitor; glyc-
erol; and the like.

[0100] In some embodiments, compositions according to
the present invention are pharmaceutical compositions. In
some embodiments, the pharmaceutical compositions com-
prise a therapeutically effective amount of one or more
hILAAIGEs. As used herein, a “pharmaceutical composi-
tion” refers to a composition suitable for pharmaceutical use
in a subject. A pharmaceutical composition generally com-
prises an ellective amount of an active agent and a pharma-
ceutically acceptable carnier, e.g., a bufler, adjuvant, and the
like. As used herein, a “pharmaceutically acceptable carrier”
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refers to solvents, dispersion media, coatings, antibacterial
and antifungal agents, i1sotonic and absorption delaying
agents, and the like, that are compatible with the active
ingredient and comply with the applicable standards and
regulations, e.g., the pharmacopeial standards set forth in the
United States Pharmacopeia and the National Formulary
(USP-NF) book, for pharmaceutical administration. Thus,
for example, unsterile water 1s excluded as a pharmaceut-
cally acceptable carrier for, at least, intravenous administra-

tion. Pharmaceutically acceptable vehicles include those
known 1n the art. See, e.g., REMINGTON: THE SCIENCE

AND PRACTICE OF PHARMACY. 20th ed. (2000) Lip-
pincott Williams & Wilkins. Baltimore, Md.

[0101] As used herein, an “‘eflective amount™ refers to a
dosage or amount suflicient to produce a desired result. The
desired result may comprise an objective or subjective
response 1n, for example, a treatment group as compared to
a control group 1n, for example, an 1n vitro assay. In some
embodiments, the eflective amount 1s a “‘therapeutically
cllective amount”. As used herein, a “therapeutically eflec-
tive amount” refers to an amount suflicient to provide a
beneficial or desired therapeutic (including preventative)
result 1n a subject, such as a reduction in a symptom of an
IgE-mediated disorder, as compared to a control or a base-
line measurement of the symptom before treatment. A
therapeutically eflective amount may be administered as a
single dose or as a series of several doses. The skilled artisan
will appreciate that certain factors may influence the dosage
required to eflectively treat a subject, including the degree of
symptoms, previous treatments, the general health and age
of the subject, and the like. Nevertheless, eflfective amounts
and therapeutlcally cllective amounts may be readily deter-
mined using methods known 1n the art.

[0102] Insome embodiments, the therapeutically effective
amount of one or more hLAAIGEs 1s about 0.1 mg/kg to
about 10 mg/kg body weight of the subject. In some embodi-
ments, the therapeutically eflective amount of one or more
hLAAIGEs 1s about 0.2 mg/kg to about 10 mg/kg body
weight of the subject. In some embodiments, the therapeu-
tically eflective amount of one or more hLAAIGEs 1s about
0.3 mg/kg to about 10 mg/kg body weight of the subject. In
some embodiments, the therapeutically effective amount of
one or more hL AAIGEs 1s about 0.4 mg/kg to about 7 mg/kg

body weight of the subject. In some embodiments, the
therapeutically efiective amount of one or more hL AAIGEs
1s about 0.5 mg/kg to about 5 mg/kg body weight of the
subject. In some embodiments, therapeutically eflective
amount of the one or more hLAAIGEs 1s about 0.5 mg/kg
to about 3 mg/kg body weight of the subject. In some
embodiments, the therapeutically effective amount of one or

more hLAAIGEs 1s administered to the subject.

[0103] In some embodiments, the therapeutically effective
amount of the one or more hL AAIGEs 1s administered to a
subject every 3 to 10 weeks. In some embodiments, the
therapeutically eflective amount of the one or more
hILAAIGEs 1s administered to a subject every 3 to 8 weeks.
In some embodiments, the therapeutically eflective amount
of the one or more hL AAIGEs 1s administered to a subject
every 4 to 8 weeks. In some embodiments, the therapeut-
cally eflective amount of the one or more hLAAIGEs 1is
administered to a subject every 4 to 6 weeks. In some
embodiments, the therapeutically eflective amount of the
one or more hLAAIGEs 1s administered to a subject every

Mar. 23, 2023

4 to 5 weeks. In some embodiments, the therapeutically
ellective amount of the one or more hLAAIGEs 1s admin-
istered to a subject monthly.

[0104] In some embodiments, the compositions comprise
one or more hLAAIGEs at a concentration of about 1 mg/ml
to about 200 mg/ml, about 50 mg/ml to about 200 mg/ml, or
about 150 mg/ml to about 200 mg/ml. In some embodi-
ments, the compositions comprise one or more hL AAIGEs
at a concentration of about 10 mg/ml to about 1000 mg/ml,
¢.g., about 25 mg/ml to about 500 mg/ml, about 50 mg/ml
to about 250 mg/ml, about 75 mg/ml to about 200 mg/ml, or
about 100 mg/ml to about 150 mg/ml (e.g., about 125
mg/ml).

[0105] Pharmaceutical compositions of the present inven-
tion may be formulated for the mtended route of delivery,
including intravenous, intramuscular, intra peritoneal, sub-
cutaneous, intraocular, intrathecal, intraarticular, intrasyn-
ovial, cisternal, intrahepatic, intralesional i1njection, intrac-
ranial 1njection, infusion, and/or 1inhaled routes of
administration using methods known 1n the art. Pharmaceu-
tical compositions according to the present invention may
include one or more of the following: pH butlered solutions,
adjuvants (e.g., preservatives, wetting agents, emulsitying
agents, and dispersing agents), liposomal formulations, nan-
oparticles, dispersions, suspensions or emulsions as well as
sterile powders for reconstitution into sterile injectable solu-
tions or dispersions. The compositions and formulations of
the present invention may be optimized for increased sta-
bility and eflicacy using methods known 1n the art.

Dosages and Regimen

[0106] Pharmaceutical compositions of the present inven-
tion may be provided 1n dosage umt forms. As used herein,
“dosage unit form” refers to physically discrete units suited
as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of an active ingredient
calculated to produce the desired therapeutic effect 1n asso-
ciation with the required pharmaceutically acceptable car-
rier. The specification for the dosage unmit forms of the
invention are dictated by the unique characteristics of the
active mgredient and the particular therapeutic effect to be
achieved, and the limitations inherent in the art of com-
pounding such an active ingredient for the treatment of
individuals.

[0107] Toxicity and therapeutic eflicacy of the composi-
tions according to the present invention can be determined
by standard pharmaceutical procedures i cell cultures or
experimental animals. For example, one may determine the
lethal dose, LC., (the dose expressed as concentrationx
exposure time that 1s lethal to 50% of the population) or the
LD., (the dose lethal to 50% of the population) and the
ED., (the dose therapeutically effective mm 50% of the
population) by methods known 1n the art. The dose ratio
between toxic and therapeutic eflects 1s the therapeutic index
and 1t can be expressed as the ratio LD../ED.,. Composi-
tions that exhibit large therapeutic indices are preferred.
While compositions that exhibit toxic side effects may be
used, care should be taken to use a delivery system that
targets such compositions to the site of aflected tissue in
order to reduce side eflects.

[0108] The data obtained from the cell culture assays and
amimal studies can be used in formulating a range of dosages
for various combinations of one or more hLAAIGEs for use
in humans. The dosages are preferably within a range of
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circulating concentrations that include the ED ., with little or
no toxicity. The dosage may vary within this range depend-
ing upon the dosage form employed and the route of
administration utilized. A therapeutically effective dose can
be estimated from cell culture assays. A dose may be
formulated 1n animal models to achieve a circulating plasma
concentration range that includes the 1C., (i.e., the concen-
tration of the test compound which achieves a half-maximal
inhibition of symptoms) as determined 1n cell culture. Such
information can be used to more accurately determine useful
doses 1n humans. Levels 1n plasma may be measured using
methods known 1n the art.

[0109] Additionally, a suitable dosage for a given subject
can be determined by a physician or another qualified
medical professional, based on various clinical factors. As 1s
well known 1n the medical arts, dosages for any one subject
depend upon many factors, including the subject’s size,
body surface area, age, the particular compound to be
administered, sex of the subject, time, and route of admin-
istration, general health, and other drugs being administered
concurrently. One or more hLAAIGEs may be administered
in amounts between 1 ng/kg body weight and 20 mg/kg body
welght per dose, e.g., between 0.1 mg/kg body weight to 10
mg/kg body weight, between 0.5 mg/kg body weight to 8
mg/kg body weight, between 1 mg/kg body weight to 6
mg/kg body weight, e.g., between 2 mg/kg body weight to
5> mg/kg body weight; however, doses below or above these
ranges are envisioned, especially considering the aforemen-
tioned factors. If the regimen 1s a continuous infusion, 1t can
also be 1n the range of 1 ug to 10 mg per kilogram of body
weight per minute. One or more hL AAIGEs may be admin-
istered as a single dose or in multiple doses. For example,
one or more hLAAIGEs may be administered 2 times per
day, 1 time per day, once every 2 days, once every 3 days,
once per week, once every two weeks, once per month, once
every two months, etc.

[0110] Those of skilled in the art will readily appreciate
that dose levels can vary as a function of the specific
antibody, the severity of the symptoms and the susceptibility
ol the subject to side eflects. Nevertheless, preferred dosages
may be readily determined by those of skill in the art.

Methods of Treating Ige-Mediated Disorders

[0111] In some embodiments, the present mvention pro-
vides methods of treating a disease or disorder mediated by
IgE. The methods generally involving administering to a
subject a therapeutically eflective amount of one or more
hILAAIGESs, alone (e.g., in monotherapy) or in combination
(e.g., 1n combination therapy) with one or more additional
therapeutic agents. In some embodiments, the one or more
antibodies are administered in the form of a pharmaceutical
composition. By “treating”, “treat”, or “treatment™ 1s meant
alleviating or abrogating an IgE-mediated disorder and/or at
least one of 1ts attendant symptoms. As used herein, to
“alleviate” a disease, disorder, or condition means reducing
the severity and/or occurrence frequency of the symptoms of
the disease, disorder, or condition. It will be understood that
references herein to “treating”, “treat”, or “‘treatment”
include references to curative, palliative, and prophylactic
treatment. In some embodiments, a therapeutically effective
amount of the one or more hL AAIGEs 1s an amount that,
when administered alone (e.g., in monotherapy) or 1n com-
bination (e.g., 1n combination therapy) with one or more

additional therapeutic agents, 1s an amount that reduces the
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symptoms of an IgE-mediated disorder in a subject by at
least about 5%, at least about 10%, at least about 15%, at
least about 20%, at least about 25%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at
least about 70%, at least about 80%, at least about 90%, or
more, as compared to a control or a baseline measurement
taken before treatment.

[0112] As used herein, an “IgE-mediated disorder” is a
disorder, condition, or disease characterized by signal trans-
duction through an IgE receptor, including the high-aflinity
IgE receptor (FceRI) and/or the low-athinity IgE receptor
(FceRII; CD23). IgE-mediated disorders include those 1n
which a type-I allergic reaction or type-I hypersensitivity 1s
the primary event, such as in allergic asthma, allergic
rhinitis, food allergies, allergic conjunctivitis, atopic derma-
titis, anaphylaxis or anaphylactic hypersensitivity, eosino-
philic esophagitis/gastroenteritis, mastocytosis, bee sting
reactions, drug reactions, 1diopathic urticaria, angioedema,
ctc. IgE-mediated disorders also include those disorders 1n
which the type-I allergic reaction or type-1 hypersensitivity
plays an important secondary role in pathogenesis, e.g.,
allergic pulmonary aspergillosis, allergic purpura, hyper IgE
Immune Deficiency Syndrome (HIES or Job’s syndrome),
rheumatoid arthritis, IgE myeloma, inflammatory bowel
disease (for example, Crohn’s disease, ulcerative colitis,
indeterminate colitis, and infectious colitis), psoriasis, bull-
ous pemphigoid, eftc.

[0113] In some embodiments, the methods the present
invention are methods for treating a subject having asthma,
which comprises administering to the subject a therapeuti-
cally effective amount of one or more hL AAIGEs. Asthma
1s a chronic inflammatory disorder of the airways causing
recurrent episodes of wheezing, breathlessness, chest tight-
ness, and/or coughing in susceptible individuals. Those
skilled 1n the art distinguish various types of asthma, includ-
ing: allergic asthma, which 1s thought to arise 1n subjects
having developed a hypersensitivity to environmental aller-
gens; drug-induced asthma, typically triggered by sensitivity
to aspirin or other COX 1nhibitors; exercise-induced asthma;
near-fatal and hyperacute asthma; nocturnal asthma; occu-
pational asthma, generally caused by exposure to certain
chemicals in the workplace. Thus, asthma can be triggered
by various stimuli, including airborne allergens (such as
dust-mites, pollens, animal dander, fungal spores, feathers),
non-specific 1rritants, such as tobacco smoke, chemical
fumes, pollution, sulphur dioxide, and the like.

[0114] In some embodiments, the methods of the present
invention are methods for treating a subject having allergic
rhinitis, which comprises administering to the subject a
therapeutically eflective amount of one or more hL AAIGEs.
Allergic rhinitis typically involves a collection of symptoms,
including nflammatory symptoms, predominantly in the
nose, sinuses, and eyes, which occur after exposure to
airborne particles. Symptoms include sneezing; nasal
obstruction; runny nose (and occasionally nosebleeds);
coughing; headache; 1tching nose, mouth, eyes, throat, skin,
or any area exposed to the allergen; impaired smell (and thus
sensitivity to flavors); stully nose (nasal congestion); con-
junctivitis; watering eyes; sore throat; and wheezing. Aller-
g1c rhinitis may be perennial and/or seasonal. Perennial
allergic rhinitis 1s allergic rhinitis that lasts throughout the
year. It 1s typically caused by continuous exposure to aller-
gens such as animal dander, indoor mould spores, or house
dust mites. Seasonal allergic rhinitis 1s allergic rhinitis that
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occurs only during certain times of the year. It 1s commonly
caused by allergies to tree, grass, and weed pollen that are
produced seasonally.

[0115] In some embodiments, the methods of the present
invention are methods for treating a subject with one or more
IgE-mediated food allergies, which comprises administering
to the subject a therapeutically effective amount of one or
more hL AAIGEs. An IgE-mediated food allergy 1s an exag-
gerated immune response triggered by eggs, peanuts, milk,
or some other specific food. Any food can cause an allergic
reaction, but a few foods are the main culprits. In children,
the most common food allergies are to eggs, peanuts, milk,
soy, tree nuts, wheat, and shellfish (e.g., shrimp, crab,
lobster, snails, and clams). In older children and adults, the
most common food allergies are: peanuts, tree nuts, shell-
fish, and fish. The symptoms may be confined mainly to the
stomach and intestines, or may involve many parts of the
body after the food 1s digested or absorbed. Symptoms may
include: scratchy throat, anaphylaxis (a severe, whole-body
allergic reaction that can result in death); abdominal pain;
diarrhea; nausea; vomiting; stomach cramps; itching of the
mouth, throat, eves, skin, or any area; hives; angioedema
(swelling, especially of the eyelids, face, lips, and tongue);
light-headedness or fainting; nasal congestion; runny nose;
shortness of breath; wheezing; difliculty swallowing; oral
allergy syndrome. The oral allergy syndrome typically com-
prises 1itching lips, tongue, and throat, and sometimes swol-
len lips.

[0116] In some embodiments, the treatment methods fur-
ther include administering to the subject one or more addi-
tional therapeutic agents. Suitable additional therapeutic
agents include a second anti-IgE antibody such as omali-
zumab, lumiliximab, and/or the antibody CIA-E-7.12
(ATCC Accession No. HB-236)), immunosuppressive
agents, anti-inflammatory agents, and the like. In some
embodiments, the additional therapeutic agent may be co-
administered or co-formulated with the one or more
hLAAIGEs. In some embodiments, the one or more
hLAAIGEs are co-administered or co-formulated with one
or more ngredients selected from the group consisting of
steroids, 1ncluding corticosteroids (inhaled, oral); broncho-
dilators (such as long-acting beta-2 agonists; short-acting
beta-2 agonists); leukotriene antagonists/inhibitors; methyl-
xanthines; antibodies directed against interleukins involved
in arrway inflammation, e.g., hLAAIGEs directed against
IL-4 or IL-13 or TNF; cromolyns, such as cromolyn sodium;
nedocromil sodium; and anticholerginics and PDE 1nhibi-
tors. Combination treatments according to the present inven-
tion 1include simultaneous (concurrent) and consecutive
administration 1n any order.

[0117] In some embodiments, a subject to be treated with
one or more hLAAIGEs 1s a subject 1s 1n need thereof.
Generally, a subject “in need of” treatment with hLAAIGE
1s a subject who has an IgE-mediated disorder. Subjects 1n
need of treatment also include those likely to have or are
susceptible to having an IgE-mediated disorder, and those 1n
which the IgE-mediated disorder i1s to be prevented. A
subject susceptible to having an IgE-mediated disorder may
be 1dentified by determiming total and/or allergen-specific
IgE, allergen skin test, clinical and/or family history, etc.

[0118] The mn vivo half-lives of E14, E17, E23, E59, and
S91 were determined using an FcRn-based binding assay.
E14, E17, E23, and E39 exhibit remarkably long half-lives

of greater than about 40 days (greater than about 960 hours)
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while the half-life of S91 was about 25 days (FIG. 27).
Therefore, 1n some embodiments, subjects are dosed with a
therapeutically eflective amount of one or more hL AAIGEs
according to the present ivention at intervals of about 3
weeks to about 6 weeks. In some embodiments, subjects are
dosed with a therapeutically effective amount of one or more
hILAAIGEs according to the present invention at intervals of
about 4 weeks to about 5 weeks. In some embodiments,
subjects are dosed with a therapeutically effective amount of
one or more hLAAIGEs according to the present invention
at intervals of about one month.

[0119] The potential immunogenicity (B and T cell
epitopes ) of the hL AAIGEs disclosed herein was negative as
determined 1n silico using the IEBD tool developed by the
La Jolla Institute of Allergy and Immunology (tools.immu-
neepitope.org).

Kits

[0120] In some embodiments, the mvention 1s a kit (e.g.,
therapeutic kits) that includes one or more hLAAIGEs. Such
kits are usetul, e.g., in carrying out the methods according to
the present mnvention.

[0121] In some embodiments, the kit may include one or
more of: one or more hLAAIGEs, a nucleic acid molecule
encoding the one or more antibodies, or a cell comprising
the nucleic acid. In some embodiments, the one or more
antibodies are provided as a pharmaceutical composition,
¢.g., 1n a single dose, two or more dosage unites, etc.

[0122] Kits according to the present invention may include
istructions for using the components of the kit, e.g., to
practice the treatment method according to the present
invention. The instructions may be present in the kits as a
package insert, 1n the labeling of the container of the kit or
components thereol (e.g., associated with the packaging or
subpackaging) etc. In some embodiments, the instructions
are present as an electronic storage data file present on a
suitable computer readable storage medium, e.g., compact
disc-read only memory (CD-ROM), digital versatile disk
(DVD), flash drive, etc. In some embodiments, the actual
instructions are not present in the kit, but means for obtain-
ing the instructions from a remote source, e.g., via the
internet, are provided. An example of this embodiment 1s a
kit that includes a web address where the mstructions can be
viewed and/or from which the instructions can be down-
loaded. As with the 1nstructions, this means for obtaining the
instructions 1s recorded on a suitable substrate.

[0123] The following examples are intended to illustrate
but not to limit the invention.

EXAMPLES

[0124] The following examples are put forth to provide
those of ordinary skill 1n the art with a complete disclosure
and description of how to make and use the present inven-
tion, and are not intended to limit the scope of what the
inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only
experiments performed. Efforts have been made to ensure
accuracy with respect to numbers used (e.g., amounts,
temperature, etc.) but some experimental errors and devia-
tions should be accounted for. Unless indicated otherwise,
parts are parts by weight, molecular weight 1s weight aver-
age molecular weight, temperature 1s 1n degrees Celsius, and

pressure 1s at or near atmospheric. Standard abbreviations
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may be used, e.g., bp, base pair(s); kb, kilobase(s); pl,
picoliter(s); s or sec, second(s); min, minute(s); h or hr,
hour(s); aa, amino acid(s); kb, kilobase(s); bp, base pair(s);
nt, nucleotide(s); 1.m., intramuscular(ly); 1.p., intraperitoneal
(ly); s.c., subcutaneous(ly); ~, about, and the like, and amino
acid one letter and three letter codes.

[0125] Commercially available reagents referred to in the
Examples were used according to manufacturer’s instruc-
tions unless otherwise indicated. Example methods and
materials are described below although methods and mate-
rials similar or equivalent to those described herein can also
be used 1n the practice or testing of the present invention.
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The materials, methods, and examples are illustrative only
and not mtended to be limiting 1n scope.

Example 1- Generation of Humanized Anti-Human
IgE Antibodies

[0126] Hybnidoma cell lines producing low afhinity anti-
human IgE (LAAIGE) founder mouse mAbs, 1.e., Founder

E17, Founder F11, and Founder P6.2 were made according
to the methods disclosed 1n WO 2015/013668.

[0127] The ¢DNA and predicted protein sequences of
Founder E17 are:

Founder E17 VH cDNA:

(SEQ ID NO: 4¢6)
CAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGT CAAGATCTCCTGCAAGGCTTCC
GGCTACACCTTCACAAACTATGGCATGAACTGGGTGAAGCAGGCTCCAGGAAAGGETTTA
AAGTGGATGGGC TGGATCAACACCTACACAGGCGAGCCCACATATGCTGATGACTTCAAG
GGACGGTT TGCCTTCTCTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGATCAACAAL
CTGAAAAATGAGGACACCGCTACATACTTCTGTGCTAGAGGAGCTGCTTCCCACACAATG
GATTATTGGGGCCAAGGCACCAL
Founder E17 VH protein:

(SEQ ID NO: 47)
QSGPELKKPGETVKISCKASGYTEFTNYGMNWY KOAPGKGLKWMGW INTY TGEPTYADDEK
GREFAFSLETSASTAYLOQINNLKNEDTATY FCARGAASHTMDYWGOGT
Founder E17 VL cDNA:

(SEQ ID NO: 48)
GACATTGTGCTAACACAGTCTCCTGCTTCCTTAGCTGTATCTCTGGGGCAGAGAGCTACC
ATCTCATGCAGGGC TAGCCAGTCCGTGTCTACAAGCTCCCACGCCTACATGCACTGGTAT
CAGCAGAAACCCGOGGACAGCCACCCAAGCTCCTGATCAAGTATGCTAGCAATCTGGAGTCT
GGGEGETGCCTGCCAGGT TCAGCGGAAGTGGCTCTGGGACAGACTTCACCCTCAACATCGAT
CCTGOGTGGCAGGAGGAGGACACTGCCACATACTATTGCCAGCACAGT TGGGAGATTCCTTGG
ACCTTCGGCCAGGGCACCAAGCTGGAAATCAL
Founder E17 VL protein:

(SEQ ID NO: 49)

DIVLTQSPASLAVSLGORATISCRASQSVSTSSHAYMHWYQOQKPGOPPKLLIKYASNLES

GVPARFSGSGSGTDFTLNIDPVEEEDTATYYCOHSWEIPWTEFGOGTKLET

[0128] The c¢DNA and predicted protein sequences of

Founder F11 are:

Founder F11 VH c¢DNA:

(SEQ ID NO: 50)
CAGGTTCAGCTGCAGCAGTCTGGAGCTGAGCTGGCGAGGCCTGGEEECTTCAGTGAAGC TG
TCCTGCAAGGCTTCTGGTTACACCTTTACCAGCTATGGTATAAGCTGGGTGAAGCAGAGA
ACTGGCACAGGGCCTTGAGTGGATTGGAGAGATCAGCGCTTACAATGGTAACACATACTAC

AATGAGAAGTTCAAGGGCAAGGC CACACTGACTGCAGACAAATCCTCCAGCACAGCGTAC

ATGGAGCT CCGCAGCCTGACATCTGAGGACTCTGCGGTCTATTTCTGTGCGAGAGTTAGC

AGCTGGCCATACTGGTACT TCGATCTCTGGEEC
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-continued

Founder Fl11 VH protein:

(SEQ ID NO: 51)
QVOLOOQSGAELARPGASVKLSCKASGY TEFTSYGISWVKORTGOGLEWIGEISAYNGNTYY
NEKFKGKATLTADKSSSTAYMELRSLTSEDSAVYFCARVSSWPYWYEDLWG
Founder F11 VL c¢DNA:

(SEQ ID NO: 52)
ACGCAGCCGCCCTCCGCOTCCGGOGTCTCCTGGACAGTCAGTCACCATCTCCTGCACTGGA
ACCAGCAGTGACGT TGGTGCGTATGACTATGTCTCCTGGTACCAACAGCACCCAGGCAAL
GCCCCCAAACTCATGAT TTATGAGGTCAGTAAGCGGCCCTCAGGGGT CCCTGATCGCTTC
TCTGGCTCCATTGACAAGTCTGGCAACACGGCCTCCCTGACCGTCTCTGGGCTCCAGGCT
GAGGATAGCTCATATGCCGGCAGAGTTGATGTGT TCGGCGGAGGGACCAAGCTGACCETC
CTA
Founder Fl11l VL protein:

(SEQ ID NO: 53)

TOQPPSASGSPGOSVTISCTGTSSDVGAYDYVSWYQOHPGKAPKLMIYEVSKRPSGVPDRE

SGSIDKSGNTASLTVSGLOAEDSSYAGRVDVEGGGTKLTVL
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[0129] The ¢DNA and predicted protein sequences of (VH) and light chain vanable (VL) regions were engraited
Founder P6.2 are: into the framework (FR) regions of the most homologous

Founder P6.2 VH c¢DNA:

(SEQ ID NO: 54)
CAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCCTGGGACTTCAGTGAAGGTG
TCCTGCAAGGCTTCTGGATACGCCTTCACTAATTACTTGATAGAGTGGGTAAAGCAGAGG
CCTGGACAGGGCCTTGAGTGGAT TGGAGTGATTAATCCTGGAAGTGGTTTTACAAAATAC
AATGAGAAGTTCAAGGGCAAGGCAACACTGAGTGCAGACAAATCCTCCAGCACTGCCTAG
ATGCACCTCAGCAGCCTGACATCTGATGACTCTGCGGTCTATTTCTGTGCAAGAGAAGAT
GTTTACTCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA
Founder P6.2 VH protein:

(SEQ ID NO: 55)
OVOLOOSGAELVRPGTSVKVSCKASGYAFTNYLI EWVKOQRPGOGLEWIGVINPGSGETKY
NEKFKGKATLTADKSSSTAYMHLSSLTSDDSAVYFCAREDVYSWFAYWGOGTLVTVSA
Founder P6.2 VL c¢DNA:

(SEQ ID NO: 56)
GACATTGTGCTGACCCAATCTCCAGCTTCTTTGGCTGTGTCTCTAGGGCAGAGGGCCACC
ATATCCTGCAGAGCCAGTGAAAGTGTTGATAGTTATGGCAATAGTTTTATGCACTGGTAC
GAGCAGAAACGAGGAGAGCCACCCAAACTCCTCATCTATCGTAGATCCAACCTAGAATCT
GGGATCCCTGCCAGGTTCAGTGGCAGTGGGTCTAGGACAGACTTCACCCTCACCATTAAT
CCTGTGGAGGCTGATGATGTTGCAACCTATTTCTGTCAGCAAAGTTATGAGGATCCATTC
ACGTTCGGCTCGGGGACAAAGTTGGAAATARDD
Founder P6.2 VL protein:

(SEQ ID NO: 57)

DIVLTQSPASLAVSLGORATISCRASESVDSYGNSEFMHWY QOQKPGOPPKLLIYRTSNLES

GIPARFSGSGSRTDEFTLTINPVEADDVATYFCOQOSYEDPEFTEFGSGTKLEIK

[0130] Founder F11, Founder E17/, and Founder P6.2 have human germline sequences. All the recombinant mAbs were
binding affinities for human IgE of about 6.92x1077, 8.19x transiently expressed m 293 cells in small scale (50 ml
107°, and about 2.54x107° M respectively. The complemen- transiection volume) and purified by protein A aflinity
tary determining region (CDR) sequences and the specific- column for downstream application. The humamzed mAbs

ity-determining residues (SDR) of each heavy chain variable not expressing or expressing <1 ug/ml recombinant antibody
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were eliminated. The af

inity of humanized LAAIG.
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L1l

clones with athnity to IgE lower than sensitivity limit of the

(hLAAIGE) to a-IgE was determined by the surface plas- Biacore T2000 (<5x107> M) were not further analyzed, and

mon resonance using Biacore T2000 instrument (Biacore the antibodies with IgE affinity ranging from about 7x107°
AB, Uppsala, Sweden) witha CM5 sensor chip coupled with —— np (4 about 7x107® M were chosen for further evaluation of

myeloma IgE by amine coupling. The purified hLAAIGEs ¢
were dissolved in HBS-EP assay bufler containing 0.15 M

NaCl, 10 mM H.

polysorbate 20. The solutions traversed the sensors at a flow
rate of 50 ul/minute for binding analysis. Binding results

o
P
&

heir therapeutic potency and safety profiles. The binding of
the selected hLAAIGE to the cell surface-bound IgE was

=S, pH 7.4, 3 mM

B O
“DTA, and 0.005% confirmed using the human FceRla expressing 3D10 cells

[

sensitized with myeloma IgE.

were expressed in resonance units. Kinetic studies were [0131] The protein sequences of the hLAAIGEs are as
analyzed with BlAevaluation Software Version 4.1. The follows:

E59 VH:

(SEQ ID NO: 1)
OVOLVOSGSELKKPGASVKVSCKASGYTFTNYCGMNWVROAPGOGLEWMGWINTYTGEPTY
ADDFKGRFVFSLDTSVSTAYLOISSLKAEDTAVYYCARGAASHTMDYWGOGTTVTVSSAS
TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGL
YSLSSVVTVPSSSLEGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELT
KNOVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOO
GNVFSCSVMHEALHNHYTQOKSLSLSPGK
E59 VL:

(SEQ ID NO: 3)
DIVMTQSPDSLAVSLGERATINCRASOSVSTSSHSYMHWYQOKPGOPPKLLIYYASNLES
GVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCOHSWEI PWTFGOGTKLEIKRTVAAPSVE
IFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALOSGNSOESVTEQODSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC
E14 VH:

(SEQ ID NO: 58)
OVOLVOSGSELKKPGASVKVSCKASGYTFTNYCGMNWVROAPGOGLEWMGWINTYTGEPTY
ADDFKGRFVFSLDTSVSTAYLOISSLKAEDTAVYYCARGAASHTMDYWGQGTTVTVSSAS
TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGL
YSLSSVVTVPSSSLEGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELT
KNOVSLTCLVKGFYPSDIAVEWESNCGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOO
GNVFSCSVMHEALHNHYTQOKSLSLSPGK
E14 VL:

(SEQ ID NO: 59)
DIVMTOSPDSLAVSLGERATINCRASOSVSTSAHSYMHWYOQOKPGOPPKLLIYYASNLES
GVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCOHSWEI PWTFGOGTKLEIKRTVAAPSVE
IFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALOSGNSQOESVTEQODSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC
E17 VH:

(SEQ ID NO: 60)

QVOLVOSGSELKKPGASVKVSCKASGY TEFTNY GMNWVROAPGOGLEWMGWINTYTGEPTY

ADDEFKGREFVEFSLDTSVSTAYLOISSLKAEDTAVY YCARGAASHTMDYWGOQGTTVTVSSAS

TKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEPAVLOSSGL
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-continued
YSLSSVVTVPSSSLETOTYICNVNHKPSNTKVDKKVEPKS CDKTHTCPPCPAPELLGGPS

VELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELT
KNOVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWQO
GNVESCSVMHEALHNHYTQKSLSLSPGK

E17 VL:
(SEQ ID NO: 61)
DIVMTQSPDSLAVSLGERATINCRASQSVSTSSHAYMHWYQOQKPGOPPKLLIYYASNLES

GVPDREFSGSGSGTDEFTLTISSLOAEDVAVYYCOHSWEI PWTEFGOGTKLEIKRTVAAPSVE
IFPPSDEQLKSGTASVVCLLNNEFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPVTKSEFNRGEC

E23 VH:
(SEQ ID NO: 62)
QVOLVOSGSELKKPGASVKVSCRKASGY TEFTNY GMNWVROAPGOGLEWMGWINTYTGEPTY

ADDFKGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCARGAASHTMDYWGQGTTVTVSSAS
TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGL
YSLSSVVTVPSSSLEGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGEPS
VFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ
GNVFSCSVMHEALHNHY TQKSLSLSPGK

E23 VL:

(SEQ ID NO: 623)
DIVMTQSPDSLAVSLGERATINCRASQSVSTSSYSYMHWYQQKPGOPPKLLIYYASNLKA
GVPDRFSGSGSGTDFTLTI SSLOAEDVAVYYCQHSWEI PWTFGOGTKLEIKRTVAAPSVE
IFPPSDEQLKSGTASVVCLLNNEYPREAKVOWKVDNALQSGNSQESVTEQODSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQOGLSSPVTKSFNRGEC
S91 VH:

(SEQ ID NO: 64)
QOVQLVQSGAEVKKPGASVKVSCKASGYTFTSYGI SWVRQAPGQGLEWMGWI SAYNGNTNY
AQKLQGRVTMTTDTSTS TAYMELRSLRSDDTAVYYCARVS SWPYWYFDLWGRGTLVTVSS
ASTKGPSVFPLAPSSKSTSGETAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSRDE
LTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
OQOGNVFSCSVMHEALHNHYTQKSLSLSPG
$91 VL:

(SEQ ID NO: 65)
QSAVTQPPSASGSPGOSVTISCTGTSSDVGAYDYVSWYQQHPGKAPKLMIYEVSKRPSGY
PDRFSGSKSGNTASLTVSGLQAEDEADYYCSSYAGRVDVFGGGTKLTVLGQPKAAPSVTL

FPPSSEELOQANKATLVCLISDFYPGAVIVAWKADSSPVKAGVETTTPSKOSNNKYAASSY

LSLTPEOQWKSHRSYSCOQVTHEGS TVEKTVAPTECS
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-continued

Ho .2 VH:

(SEQ ID NO: 66)
QVOLGOSGGGVVQPGRSLRLSCAASGEFTEFSNY LI EWVROQAPGKGLEWVAVINPGSGEFTKY
NEKFKORFTISRDNSKNTLYLOMNSLRAEDTAVYYCAREDVYSWEFAYWGOQGTLVTVSAVT
VSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEPAVL
QSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEL
LGGPSVEFLFPPKPKDTLMISRTPEVITCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPS
RDELTKNOVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFFLYSKLTVDK
SRWOOGNVESCSVMHEALHNHYTQKSLSLSPGK
He .2 VL:

(SEQ ID NO: 67)
QSALTOQPASVSGSPGOSITISCTRASESVDSYGNSFMHOHHPGKAPKLMIYEVRTSNLES
SNRESGSKSGNTASLTISGLOAEDEADYYCSSQOSYEDPEFTEGSGTKLGOPKAAPSVTLE

PPSSEELOANKATLVCLISDEFYPGAVKVAWKADGSPVNTGVETTTPSKOSNNKYAASS YL

SLTPEOWKSHRSYSCOQVTHEGSTVEKTVAPAECS

[0132] The binding aflinities of the hLAAIGEs to human was stopped by EDTA and the cells were then stained for 20
IgE as measured by the Biacore method are: E23=1.09x107’ minutes on 1ce with a cocktail of CDI123-FITC/CD63-PE/
M, E14=6.72x10- M, E59=1.64x10"" M, E17=1.4x10"" M, HLA-Dr-PerCP. Followed by lysis of red blood cells, the

S91=7.41x107° M, and H6.2-5x10™> M Kd. stained cells were analyzed with flow cytometry. The baso-
[0133] Theretfore, 1n some embodiments, the hLAAIGEs phil population was gated 1n the CD123 positive/HLA-Dr
according to the present mvention have a VH chain that negative population. CD63 expression in the basophil popu-
comprises lation was calculated and analyzed.

(SEQ ID NO: 68)
OVOLVQOSGSELKKPGASVKVSCKASGYTFTNYGMNWVROAPGOGLEWMGWINTYTGEPTY
ADDFKGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCARGAASHTMDYWGQOGTTVTVSSAS,

(SEQ ID NO: 69)
OVOLVOSGAEVKKPGASVKVSCKASGYTFTSYGI SWVROAPGOGLEWMGWI SAYNGNTNY
AQKLOGRVTMTTDTSTS TAYMELRSLRSDDTAVYYCARVSSWPYWYFDLWGRGTLVTVSS
AS,
oY

(SEQ ID NO: 70)
QVOLGOSGGGVVOPGRSLRLSCAASGEFTEFSNY LI EWVROQAPGKGLEWVAVINPGSGETKY
NEKFKORFTISRDNSKNTLYLOMNSLRAEDTAVYYCAREDVYSWEFAYWGOQGTLVTVSAVT
VSSAS.

Example 2 Activity and Eflicacy Assays [0136] For determination of whether a given humanized
mAb would block allergen triggered basophil activation, the

. . oy e blood samples were incubated with humanized mAb for 24
hLAAIGESs were determined by: 1) Inhibition of peanut and hours and/or 48 hours at 37° C. with constant shaking, then

cat allergic subjects’ blood basophil activation test (BAT); 2) cat allergen Fel d1 (0.02-0.2 ug/ml) or peanut allergen (Ara

Inhibition of the peanut allergic IgE mediated passive cuta- hl. 2 and 6 hined. 0.1-1.0 | dod into §
neous anaphylaxis (PCA) i the hFceRlIa transgenic mouse , 2 and 6 combined, 0.1-1.0 pg/ml) were added mto the

model; and 3) Inhibition of dansyl-IgE mediated systemic
anaphylaxis in the hFceRIa transgenic mouse model.

[0134] The activity and therapeutic eflicacy of given

blood for a 15-minute incubation at 37° C. to activate the
basophils.

1) Basophil Activation Test Assay 2) Passive Cutaneous Anaphylaxis (PCA) Assay

[0135] A Basophil Activation Test (BAT) assay was per- [0137] Passive Cutaneous Anaphylaxis (PCA) assays were
formed to determine the ability of each humanized mAb to performed to investigate the ability of each humanized mAb

induce basophil activation at various concentrations. To test to block peanut and cat allergic IgE-mediated PCA. The
whether a given hLAAIGE activates basophils, blood (100 back skin of hFceRIa Tg mice were intradermally mjected
ul) from cat or peanut allergic subjects were incubated with with IgE (8-10 spots per mouse skin), purified from peanut
varying amounts ranging from 1-50 ug/ml of the given allergic subject’s plasma for local sensitization for overnight

hLAAIGE for 20 minutes at 37° C. The activation reaction to four days. To test whether a given hLAAIGE would
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activate mast cells, the sensitized spots were got a local
injection of various amounts of the given hLAAIGE (1-100
ug/ml range), with PBS negative control; and polyclonal
rabbit anti-human IgE (0.1-1 ng/ml) as the positive control.
Fifteen minutes later, 100 ul of 2% Evan’s blue dye was
intravenously mjected to assess the local allergic reactivity.

[0138] To test whether a given hLAAIGE would block
allergen-mediated PCA, hFceRIa Tg mice were sensitized
with the purified peanut allergic IgE and the recombinant
dansyl specific IgE at 2, 1, 0.5, and 0.125 ug/ml through
intradermal injection on the back skin for 2 hours, followed
by injecting the mouse 1.p. with the given hLAAIGE at 2
ug/gram body weight, with the same amount of human IgG;,
as an 1sotype control. Four or five days later, the animals
were challenged 1.v. with Ara hl, 2, and 6 combined or crude
peanut extract (CPE, 10 ug), or Dansyl-BSA (100 ng) mixed
with 100 ul 2% Evans blue dye (EBD) dissolved in saline.
The mice were euthanized 30 minutes post allergen chal-
lenge for assessing PCA reaction by photography. The
mouse skin was dried overnight, and the injected skin areas
were cut out, weighted, and EBD was extracted with for-
mamide at 55° C. overnight. The extravasated EBD was
either quantified with a spectrophotometer at wavelength of
620 nm or 650 nm with a microtiter ELISA reader. The
quantitative results from both methods fit well. EBD quan-
tity from each PCA spot was normalized as per milligram
skin tissue.

3) Systemic Anaphylaxis Assay

[0139] The FceRla Tg mice were sensitized with a total of
40 ng (20 ug twice at 16-hour interval) of recombinant
dansyl-specific IgE overnight (about 24 hours), followed by
injection with a given hLAAIGE or human IgG, 1sotype as
a control at 2 ng/gram body weight. Four days later, the mice
were 1ntravenously challenged with Dansyl-BSA (100
ug/mouse) to mduce systemic anaphylaxis. Core body tem-
perature changes and the anaphylaxis clinical index (scores)
were measured as indicators of systemic allergic reactivity.
The core body temperature changes were monitored every
five minutes for the first hour after Dansyl-BSA challenge.
The temperature changes were plotted for comparison and
statistical analysis to determine the eflect of the given
hLAAIGE and control IgGG, on systemic anaphylaxis.

Example 3 Bone Marrow DerivedMast Cells
(BMAIC) from hFceRIa TgMouse

[0140] The bone marrow was flushed out from the femurs
and tibias of the hFceRIa Tg mouse with 0.22 m filtered
flushing medium (DMEM supplemented with 10% {fetal
bovine serum, 2 mM L-glutamine, 50 U/ml penicillin and 50
ug/ml streptomycin, 5x10°M B-mercaptoethanol). The col-
lected bone marrow cells were cultured 1n two 175 flasks
with 10 ml culture medium (flushing medium plus 10 ng/ml
recombinant mouse IL.-3) each. Three days later, the sus-
pended cells from each flask were transierred and expanded
into two flasks with fresh culture medium. One week later,
the suspended cells from each tlask were expanded into 2 to
3 flasks, maintaining the cell density in about 1x10° cells/ml.
Half of the culture medium was replaced with fresh medium
every 3 to 4 days, and the suspended cells were transferred
to new flasks until no adhere cells were observed. Six weeks
later, the suspended cells were stained with anti-mouse
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CDI117-FITC and anti-human hFceRIa-PE to assess the
maturity of the cultured BMMC.

Example 4 Confocal Microscopy

[0141] BMMCs were centrifuged at 1500 RPM for 3
minutes, and the supernatant was carefully aspirated, and the
cell pellets were washed with PBSX2, followed by blocking
with 10% of normal mouse serum and incubated for 30
minutes on ice, then added diluted FITC-labeled myeloma
IgE (PS IgE) at 5 ug/ml for sensitization for 2 hours. After
washing, the FITC-IgE sensitized BMMCs (1x10° cell/ml)
were mcubated with the control mIgG, and hLAAIGE at 2
ug/ml respectively for 24 or 48 hours at 37° C. The BMMCs
were {ixed with 0.5 ml of 2% formaldehyde for 30 minutes.
After completing the above staining procedure, the tube(s)
were kept at room temperature (dark) for 20 minutes. The
cells were washed with PBS for 2 times following by adding
50 ul of permeabilization medium, along with the Alexa
64’7-labelled anti-hFceRIa for incubation at room tempera-
ture for 30 minutes. The washed cells were then fixed with
0.5 ml of 2% formaldehyde, and span to the poly-lysine
coated glass slide using cytospin at 500 rpm for 5 minutes.
The cells on the slides were stained with a drop of prolong
gold anti-Fade reagent with DAPI. The slides were exam-
ined with Leica SP2-1P-FCS confocal microscope.

ADDITIONAL EMBODIMENTS

[0142] Embodiment 1. An antibody comprising a VH
sequence having a percent 1dentity of at least about 90% up
to 100%, preferably about 91% up to 100%, more preferably

about 95% up to 100%, even more pretferably about 97% up
to 100%, and most preferably about 99% up to 100% to SEQ
ID NO:1.

[0143] Embodiment 2. The antibody according to
Embodiment 1, wherein a portion of the VH sequence has a
percent 1dentity of about 75% to about 100%, preferably
about 80% to about 100%, more preferably about 90% to
100%, even more preferably about 95% to about 100%, and
most preferably about 99% to 100% to SEQ ID NO:2.

[0144] FEmbodiment 3. The antibody according to
Embodiment 1 or Embodiment 2, and further comprising a

portion of a VL sequence having a percent identity of at least
about 65% up to 100% to SEQ ID NO:4.

[0145] Embodiment 4. The antibody according to
Embodiment 1 or Embodiment 2, wherein the sequence
identity of the portion of the VL sequence 1s about 65% to

about 70% of SEQ 1D NO:4.

[0146] Embodiment 5. The antibody according to
Embodiment 4, wherein the sequence of the portion of the
VL sequence 1s selected from the group consisting of: SEQ)
ID NO:4, SEQ ID NO:3, and SEQ ID NO:6.

[0147] Embodiment 6. The antibody according to any one
of Embodiments 1 to 5, wherein the antibody 1s a mono-
clonal antibody.

[0148] Embodiment 7. The antibody according to

Embodiment 6, wherein the antibody 1s a humanized anti-
body.

[0149] Embodiment 8. The antibody according to
Embodiment 7, wherein the antibody binds to human IgE
with a binding affinity of about 1x10™> M to about 1x10~"
M Kd, about 1x107° M to about 1x10™° M Kd, or about
5%10™ M to about 7x107° M.
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[0150] FEmbodiment 9. The antibody of according to
Embodiment 1, wherein the antibody 1s E39, E14, E17, E23,
or S91.

[0151] Embodiment 10. A composition comprising one or
more antibodies according to any one of Embodiments 1 to

9.

[0152] Embodiment 11. A pharmaceutical composition
comprising one or more antibodies according to any one of
Embodiments 1 to 9, and a pharmaceutically acceptable
carrietr.

[0153] Embodiment 12. A method of treating a subject for
an IgE-mediated disorder, which comprises administering to
the subject one or more antibodies according to any one of
Embodiments 1 to 9, a composition according to Embodi-
ment 10, or a pharmaceutical composition according to
Embodiment 11.

[0154] Embodiment 13. The method according to
Embodiment 12, wherein the IgE-mediated disorder is
asthma, allergic rhinitis, atopic dermatitis, urticana,
angioedema, or anaphylactic hypersensitivity.

[0155] FEmbodiment 14. A method for treating or 1nhibait-
ing an allergic reaction in a subject, which comprises
administering to the subject one or more antibodies accord-
ing to any one of Embodiments 1 to 9, a composition

according to Embodiment 10, or a pharmaceutical compo-
sition according to Embodiment 11.

[0156] Embodiment 15. The method according to any one
of Embodiments 12 to 14, wherein the one or more anti-
bodies are administered to the subject in a therapeutically
effective amount.

[0157] Embodiment 16. A monoclonal antibody which
comprises a VH chain that comprises a VH chain that
comprises DTAVYYCAR (SEQ ID NO:7), and a VL chain
that comprises LQAED (SEQ ID NO:11) and at least one
sequence selected from AAPSV (SEQ ID NO:12), GTKL
(SEQ ID NO:13), and RFSGS (SEQ ID NO:14), preferably
the VL sequence comprises LQAED (SEQ ID NO:11) plus
(a) AAPSV (SEQ ID NO:12) or (b) RFSGS (SEQ ID
NO:14) and GTKL (SEQ ID NO:13).

[0158] FEmbodiment 17. The monoclonal antibody accord-
ing to Embodiment 16, wherein the VH chain 1s (X),_
1 VQLXQSG(X) PGXS(X);SCXASGXT F(X)
« WVROQAPGXGLEW(X),I(X),G(X), Y(X);R(X) 5DXS
(X), T(X)SL(X),DTAVYYCAR(X),_
1HWGXGTXVTVSSAS (SEQ ID NO:15) and/or the VL
chain 1s (X),T Q(X),_;PX S(X);SXG(X), TIXC(X),_;5(X)
V(X)o.1, QX ), PG(X),PRLXTY (X)), 45(X)35(X),.
4RFSGSXSG(X), LTXSXLQAEDXAXYYC(X),_,Q(X),.
sFGXGTKL(X); ,AAPSV(X),FPPSXE XL(X),A(X),VCL
(X);FYP(X),VXWKXD(X)5 ;G(X), B(X), T(X),Y(X)
SSSXLXL(X),H(X), YXC XVTHXG(X), .SXVXK(X)EC
(X)o.; (SEQ ID NO:16), wherein each X 1s independently
any amino acid.

[0159] FEmbodiment 18. The monoclonal antibody accord-
ing to Embodiment 16, wherein the VL chain comprises any
one or more ol the following sequences RFSGSX225G
(SEQ ID NO:24), LTX23SX24LQAEDX254AX26YY
(SEQ ID NO:25), FGX27GTKL (SEQ ID NO:26),
AAPSVX28X29FPPSX30EX31L (SEQ ID
AX32X33VCLX34X35X36FYP (SEQ 1D
HX37X38YX39CX40VTHX41G (SEQ 1D
PX428SX43X44X455X45GX47X48X49TIX50C (SEQ ID
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NO:30), QX51X32PGX33X54PKLX53IY (SEQ 1D
NO:31), wherein X22 to X55 are each imndependently any
amino acid.

[0160] Embodiment 19. The monoclonal antibody accord-
ing to Embodiment 16, wherein the VL chain comprises any

one or more ol the following sequences RFSGSX225G
(SEQ ID NO:24), LTX23SX24LQAEDX254AX26YY

(SEQ ID NO:25), FGX2/GTKL (SEQ ID NO:26),
AAPSVX28X29FPPSX30EX31L (SEQ 1D
AX32X33VCLX34X35X36FYP (SEQ 1D
HX37X38YX39CX40VTHX41G (SEQ ID |
PX42SX43X44X455X45GX47X48X49TIX50C (SEQ ID
NO:30), QX31X52PGX33X54PKLX551Y (SEQ ID
NO:31), wherein X221s Gor K, X23 1s I or V, X24 1s G or
S, X251sEorV,X261s DorV, X271s G, S, or Q, X28 1s
ForT,X291sTorL, X301sDor S, X311sE or Q, X32 1s
SorT,X331isLorV,X341slorlL, X351s Nor S, X36 1s
Dor N, X371s KorR, X381s SorV, X391s A or S, X40
isEorQ,X4l1sEorQ, X421s A, D, or P, X43 1s A, L, or
V,X441s Aor S, X451s Gor V, X461s Lor P, X47 1s E or
Q,X481sRor S, X491s A, I, or V, X530 1s N or S, X351 1s
H or Q, preferably QQ, X52 1s H or K, X53 1s K or ), X54
1s A or P, and X55 1s L or M.

[0161] FEmbodiment 20. The monoclonal antibody accord-
ing to Embodiment 16, wherein the VL chain comprises a

sequence having a percent 1dentity of at least about 63% up
to 100% to SEQ ID NO:4.

[0162] FEmbodiment 21. The monoclonal antibody accord-
ing to Embodiment 16, wherein the VL chain comprises a
sequence selected from the group consisting of: SEQ ID

NO:4, SEQ ID NO:35, and SEQ ID NO:6.

[0163] Embodiment 22. The monoclonal antibody accord-
ing to Embodiment 16, wherein the VL chain comprises

SEQ 1D NO:32, SEQ ID NO:65, or SEQ 1D NO:67.

[0164] FEmbodiment 23. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 22, wherein the VH
chain comprises WVRQAPG (SEQ ID NO:8), GLEW (SEQ
ID NO:9), and/or VIVSSA (SEQ ID NO:10).

[0165] Embodiment 24. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 22, wherein the VH
chain any one or more ol the following sequences

VQLX1QSG (SEQ D NO:17),
PGX2SX3X4X5SCX6ASGX7TF  (SEQ ID  NO:18),
WVRQAPGXS8GLEW (SEQ D NO:19),

WGOXIGTX1T0VIVSSA (SEQ 1D NO:20),
SLX11X12X13DTAVYYCAR (SEQ ID NO:21), and
RX14X15X16X17X18DX195X20X21 T (SEQ ID NO:22),

wherein X1 to X21 are each independently any amino acid.

[0166] Embodiment 25. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 22, wherein the VH
chain comprises any one or more of the following sequences

VQLX1QSG (SEQ D NO:17),
PGX2SX3X4X5SCX6ASGX7TF  (SEQ ID  NO:18),
WVRQAPGX8GLEW (SEQ D NO:19),
WGX9GTX10VTVSSA (SEQ D NO:20),

SLX11X12X1I3DTAVYYCAR (SEQ ID NO:21), and
RX14X153X16X17X18DX195X20X21 T (SEQ ID NO:22),
wherein X1 1s V or G, preferably V, X2 1s A or R, preferably
A, X3 1s L or V, preferably V, X4 1s K or R, preferably K,
X5 1s L or V, preferably V, X6 1s A or K, preferably K, X7/
1s F or Y, preferably Y, X8 1s K or Q, preferably Q, X9 1s R
or Q, X101sLorT, X111sT, K, or R, X121s Aor S, X13
1S EorD, X141isForV, X151sTorV, X161s I, F, or M,
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X171sSorT, X181s L, R, or T, X19 1s N or T, preferably
T, X201s K, T, or V, and X21 1s N or S, preferably S.

[0167] Embodiment 26. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 22, wherein the VH
chain comprises a sequence having a percent identity of
about 75% to about 100%, preferably about 80% to about
100%, more preferably about 90% to 100%, even more

preferably about 95% to about 100%, and most preferably
about 99% to 100% to SEQ ID NO:2.

[0168] Embodiment 27. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 22, wherein the VH
chain comprises SEQ ID NO:68, SEQ ID NO:69, or SEQ ID
NO:70.

[0169] FEmbodiment 28. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 22, wherein the VH
chain comprises a sequence having a percent 1dentity of at
least about 90% up to 100%, preferably about 91% up to
100%, more pretferably about 95% up to 100%, even more
preferably about 97% up to 100%, and most preferably

about 99% up to 100% to SEQ ID NO:1.

[0170] Embodiment 29. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 28, wherein the VH

chain comprises at least 10, 20, 30, 40, or 50 consecutive
amino acid residues of SEQ ID NO:23.

[0171] Embodiment 30. The monoclonal antibody accord-

ing to any one of Embodiments 16 to 28, wherein the VH
chain comprises SEQ ID NO:23.

[0172] Embodiment 31. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 30, wherein the IgE
epitope recognized by the monoclonal antibody comprises at

least 10 consecutive amino acid residues of SEQ ID NO:33.
[0173] Embodiment 32. The monoclonal antibody accord-

ing to any one of Embodiments 16 to 30, wherein the IgE
epitope recognized by the monoclonal antibody comprises,

consists essentially of, or consists of one or more of the
following sequences: SEQ 1D NO:34, SEQ ID NO:35, SEQ
ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ 1D NO:39,
SEQ ID NO: 40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID
NO:43, SEQ ID NO:44, and SEQ ID NO: 45.

[0174] Embodiment 33. The monoclonal antibody accord-

[ 1

ing to any one of Embodiments 16 to 30, wherein the IgE
epitope recognized by the monoclonal antibody comprises at

least one of the following sequences: SEQ ID NO:35, SEQ
ID NO:39, SEQ ID NO:42, and SEQ ID NO:36.

[0175] Embodiment 34. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 33, wherein the
antibody 1s a humanized antibody.

SEQUENCE LISTING

Sequence total quantity: 70

SEQ ID NO: 1 moltype = AA length = 448
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[0176] FEmbodiment 35. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 34, wherein the
monoclonal antibody binds to human IgE when bound to
human FceRI or a high athnity IgE receptor.

[0177] Embodiment 36. The monoclonal antibody accord-
ing to any one of Embodiments 16 to 34, wherein the

antibody binds to human I §E with a binding athnity of about
1x107> M to about 1x10™” M Kd, about 1x107° M to about

1x10™° M Kd, or about 5x10™> to about 7x10~® M Kd.
[0178] FEmbodiment 3°7. The monoclonal antibody accord-

ing to any one of Embodiments 16 to 36, wherein the
antibody 1s E59, E14, E17, E23, S91, or H6.2.

[0179] Embodiment 38. A composition comprising one or
more hLAAIGEs according to any one of Embodiments 16
to 37.

[0180] Embodiment 39. The composition according to
Embodiment 38, and further comprising a pharmaceutically
acceptable carrier.

[0181] Embodiment 40. A method of treating a subject for

an IgE-mediated disorder, which comprises administering to
the subject one or more hLAAIGEs according to any one of
Embodiments 16 to 37 or a composition according to
Embodiment 38 or Embodiment 39.

[0182] Embodiment 41. The method according to
Embodiment 40, wherein the IgE-mediated disorder is
asthma, allergic rhinitis, atopic dermatitis, urticaria,
angioedema, or anaphylactic hypersensitivity.

[0183] FEmbodiment 42. A method for treating or inhibait-
ing an allergic reaction in a subject, which comprises
administering to the subject one or more hLAAIGEs accord-
ing to any one ol Embodiments 16 to 37 or a composition
according to Embodiment 38 or Embodiment 39.

[0184] Embodiment 43. The method according to any one
of Embodiments 40 to 42, wherein the one or more anti-
bodies are administered to the subject in a therapeutically
cllective amount.

[0185] o the extent necessary to understand or complete
the disclosure of the present invention, all publications,
patents, and patent applications mentioned herein are
expressly incorporated by reference therein to the same
extent as though each were individually so incorporated.
[0186] Having thus described exemplary embodiments of
the present invention, 1t should be noted by those skilled 1n
the art that the within disclosures are exemplary only and
that various other alternatives, adaptations, and modifica-
tions may be made within the scope of the present invention.
Accordingly, the present invention 1s not limited to the
specific embodiments as 1llustrated herein, but 1s only lim-
ited by the following claims.

FEATURE Location/Qualifiers
REGION 1..448

note = Monoclonal anti-IgE antibody clone E59 VH chain
source 1..448

mol type = proteiln

organism = synthetic construct

SEQUENCE: 1

QVOLVQSGSE LKKPGASVKV SCKASGYTET NYGMNWVROQA PGOGLEWMGW INTYTGEPTY 60
ADDFKGREFVE SLDTSVSTAY LOQISSLKAED TAVYYCARGA ASHTMDYWGQ GTTVITVSSAS 120
TKGPSVEPLA PSSKSTSGGT AALGCLVEKDY FPEPVTVSWN SGALTSGVHT FPAVLOSSGL 180
YSLSSVVTVP SSSLGTQTYI CNVNHKPSNT KVDKKVEPKS CDKTHTCPPC PAPELLGGPS 240
VFLFPPKPKD TLMISRTPEV TCVVVDVSHE DPEVKEFNWYV DGVEVHNAKT KPREEQYNST 300
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YRVVSVLTVL HOQDWLNGKEY KCKVSNKALP APIEKTISKA KGQPREPQVY TLPPSRDELT 360
KNOQVSLTCLYV KGFYPSDIAV EWESNGOQPEN NYKTTPPVLD SDGSEFELYSK LTVDKSRWQQ 420

GNVEFSCSVMH EALHNHYTQK SLSLSPGK 448
SEQ ID NO: 2 moltype = AA length = 159
FEATURE Location/Qualifiers
REGION 1..159

note = Monoclonal anti-IgE antibody VH chain
source 1..159

mol type = proteiln

organism = synthetic construct

SEQUENCE: 2
QVQLVQSGSE LKKPGASVKV SCKASGYTEFT NYGMNWVRQA PGOQGLEWMGW INTYTGEPTY 60
ADDFKGREFVE SLDTSVSTAY LQISSLKAED TAVYYCARGA ASHTMDYWGQ GTTVTVSSAS 120

TKGPSVEFPLA PSSKSTSGGET AALGCLVKDY FPEPVTVSW 1595
SEQ ID NO: 3 moltype = AA length = 218
FEATURE Location/Qualifiers
REGION 1..218

note = Monoclonal anti-IgE antibody VL chain
source 1..218

mol type = proteiln

organism = sgynthetic construct

SEQUENCE: 3

DIVMTQSPDS LAVSLGERAT INCRASQSVS TSSHSYMHWY QQKPGQPPKL LIYYASNLES 60
GVPDRESGSG SGTDETLTIS SLOQAEDVAVY YCQHSWEIPW TEFGQGTKLEI KRTVAAPSVE 120
IFPPSDEQLK SGTASVVCLL NNEFYPREAKV QWKVDNALQS GNSQESVTEQ DSKDSTYSLS 180

STLTLSKADY EKHKVYACEV THQGLSSPVT KSEFNRGEC 218
SEQ ID NO: 4 moltype = AA length = 34
FEATURE Location/Qualifiers
REGION 1..34

note = Monoclonal anti-IgE antibody VL chain
source 1. .34

mol type = proteiln

organism = synthetic construct
SEQUENCE: 4
YMHWYQQKPG QPPKLLIYYA SNLESGVPDR FSGS 34
SEQ ID NO: b moltype = AA length = 34
FEATURE Location/Qualifiers
REGION 1..34

note = Monoclonal anti-IgE antibody VL chain
source 1..34

mol type = protein

organism = synthetic construct
SEQUENCE: b5
YMHWYOQOQKPG QPPKLLIYYA SNLKAGVPDR FSGS 34
SEQ ID NO: 6 moltype = AA length = 34
FEATURE Location/Qualifiers
REGION 1..34

note = Monoclonal anti-IgE antibody VL chain
gource 1..34

mol type = proteiln

organism = synthetic construct
SEQUENCE: 6
YVSWYQOHPG KAPKLMIYEV SKRPSGVPDR FSGS 34
SEQ ID NO: 7 moltype = AA length = 9
FEATURE Location/Qualifiers
REGION 1..9

note = Monoclonal anti-IgE antibody VH chain
source 1..9

mol type = proteiln

organism = synthetic construct
SEQUENCE: 7
DTAVYYCAR 5
SEQ ID NO: 8 moltype = AA length = 7
FEATURE Location/Qualifiers
REGION 1..7

note = Monoclonal anti-IgE antibody VH chain
gource 1..7

mol type = proteiln

organism = synthetic construct

Mar. 23, 2023
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SEQUENCE: 8
WVROQAPG

SEQ ID NO: 9
FEATURE
REGION

SOUurce
SEQUENCE: ©
GLEW

SEQ ID NO: 10
FEATURE
REGION

SOouUurce
SEQUENCE: 10
VIVSSA

SEQ ID NO: 11
FEATURE
REGION

SOoOurce
SEQUENCE: 11
LOAED

SEQ ID NO: 12
FEATURE
REGION

sOource
SEQUENCE: 12
AAPSV

SEQ ID NO: 13
FEATURE
REGION

SOouUurce
SEQUENCE: 13
GTKL

SEQ ID NO: 14
FEATURE
REGION

SOUurce

SEQUENCE: 14
RESGS

SEQ ID NO: 15
FEATURE
REGION

SITHE

SITE

REGION

moltype = AA length = 4
Location/Qualifiers
1. .4
note = Monoclonal anti-IgE antibody VH chain
1. .4
mol type = proteiln
organism = gsynthetic construct
4
moltype = AA length = 6
Location/Qualifiers
1..06
note = Monoclonal anti-IgE antibody VH chain
1..0
mol type = proteiln
organism = synthetic construct
6
moltype = AA length = 5
Location/Qualifiers
1..5
note = Monoclonal anti-IgE antibody VL chain
1..5
mol type = proteiln
organism = synthetic construct
5
moltype = AA length = 5
Location/Qualifiers
1..5
note = Monoclonal anti-IgE antibody VL chain
1..5
mol type = proteiln
organism = synthetic construct
5
moltype = AA length = 4
Location/Qualifiers
1..4
note = Monoclonal anti-IgE antibody VL chain
1..4
mol type = proteiln
organism = synthetic construct
4
moltype = AA length = 5
Location/Qualifiers
1..5
note = Monoclonal anti-IgE antibody VL chain
1..5
mol type = proteiln
organism = synthetic construct
5
moltype = AA length = 122
Location/Qualifiers
1..122
note = Monoclonal anti-IgE antibody VH chain
1
note = MISC FEATURE - Xaa may be present or absgent, and if

25

-continued

present, Xaa can be any naturally occurring amino acid

5

note =
amino
©..13

note =
amino

misc feature - Xaa can be any naturally occurring
acid
misc feature - Xaa can be any naturally occurring
acid

Mar. 23, 2023
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SITE

REGION

SITE

SITE

REGION

SITE

REGION

REGION

REGION

REGION

REGION

SITE

REGION

REGION

REGION

REGION

SITHE

SITE

SOuUurce

16

note = misc feature -
amino acid

18..20

note = misc feature -
amino acid

23

note = misc feature -
amino acid

27

note = misc feature -
amino acid

20..35

note = misc feature -
amino acid

43

note = misc feature -
amino acid

48 . .50

note = misc feature -
amino acid

52..55

note = misc feature -
amino acid

57..59

note = misc feature -
amino acid

61l..66

note = misc feature -
amino acid

68..72

note = misc feature -
amino acid

74

note = misc feature -
amino acid

76 . .77

note = misc feature -
amino acid

79 . .84

note = misc feature -
amino acid

87..89

note = misc feature -
amino acid

59..109
note = MISC FEATURE -

26

-continued

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

amino acid and up to two

112

note = misc feature -
amino acid

115

note = misc feature -
amino acid

1..122

mol type protein

Xaa

Xaa

can be

can be

can be

can be

can be

can be

can be

can be

can be

can be

can be

can be

can be

can be

can be

can be

any

any

any

any

any

any

any

any

any

any

any

any

any

any

any

any

Xaa may be

can be

can be

organism = synthetic construct

any

any

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally
absent

naturally

naturally

oCCcurring

oCccurring

OCCurring

oCCcurring

oCccurring

oCCcurring

oCccurring

OCCurring

OCCurring

oCccurring

OCCurring

oCCcurring

occurring

oCCcurring

oCCcurring

oCCcurring

oCCcurring

occurring

Mar. 23, 2023

SEQUENCE: 15
XVOLXQSGEXX XXXPGXSXXX SCXASGXTEFX XXXXXWVRQA PGXGLEWXXX IXXXXGXXXY 60

AXXXXXRXXX XXDXSXXTXX XXXXSLXXXD TAVYYCARXX XXXXXXXXXW GXGTXVTVSS 120
AS 122
SEQ ID NO: 16

moltype = AA length = 226

FEATURE Location/Qualifiers
REGION 1..226
note = Monoclonal anti-IgE antibody VL chain
REGION 1..4
note = misc feature - Xaa can be any naturally occurring
amino acid
SITE 7
note = MISC FEATURE - Xaa 1s present or absgent, and 1if
present, Xaa can be any naturally occurring amino acid
SITE 5

note = migc feature - Xaa can be any naturally occurring
amino acid
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REGION

SITE

REGION

SITE

REGION

REGION

REGION

REGION

REGION

SITE

REGION

REGION

REGION

SITE

REGION

SITE

SITHE

SITE

SITE

REGION

REGION

SITE

REGION

REGION

SITE

11..13
note =
amino
15
note =
amino
17..19©
note =
amino
22
note =
amino
24 ..26
note =
amino
28..29
note =
amino
21..41
note =
amino
43 . .44
note =
amino
477 . .48
note =
amino
52
note =
amino
55..568
note =
amino
60. .62
note =
amino
64 . .67
note =
amino
73
note =
amino
76 ..79
note =
amino
82
note =
amino
84
note =
amino
90
note =
amino
02
note =
amino
06 ..97
note =
amino

99..1060

note =

amino acid and up to

109
note =
amino

misc_feature
acid

misc_feature
acid

misc_feature
acid

misc_feature
acid

MISC FEATURE

aclid and up to

misc_feature
acid

MISC FEATURE

acid and up to

misc feature
acid

misc_feature
acid

misc_feature
acid

MISC FEATURE

aclid and up to

misc_feature
acid

MISC FEATURE

aclid and up to

misc_feature
acid

misc_feature
acid

misc_feature
acid

misc_feature
acid

misc feature
acid

misc_feature
acid

MISC FEATURE

aclid and up to

MISC FEATURE

misc_feature
acid

114..120

note =

amino acid and up to

MISC FEATURE

126..127

note =
amino
132

note =
amino

misc feature
acid

misc_feature
acid

27

-continued

Xaa

Xaa

Xaa

Xaa

Xaa

one

Xaa

Xaa

Cwo

Xaa

Xaa

Xaa

Xaa

Cwo

Xaa

Xaa

Cwo

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Cwo

Xaa
two

Xaa

Xaa

Ccarll

cdarll

can

Ccdall

carll

Xaa

Ccarll

cdarll

Xaa

Ccan

Ccdall

cdarll

can

Xaa

Ccdall

can

Xaa

Ccarll

Ccdall

Ccarll

Ccdall

can

Ccarll

Ccdall

Xaa

Can
Xaa

Ccarll

Ccdall

be any

be any

be any

be any

be any

can be

be any

be any

can be

be any

be any

be any

be any

can be

be any

be any

can be

be any

be any

be any

be any

be any

be any

be any

can be

be any
can be

be any

be any

naturally

naturally

naturally

naturally

naturally

abgent

naturally

naturally

absent

naturally

naturally

naturally

naturally

abgent

naturally

naturally

abgent

naturally

naturally

naturally

naturally

naturally

naturally

naturally

absgsent

naturally
absent

naturally

naturally

four Xaa can be absent

Xaa can be any naturally

Xaa can be any naturally

oCCcurring

oCccurring

OCCurring

oCCcurring

oCccurring

oCCcurring

oCccurring

OCCurring

OCCurring

oCccurring

OCCurring

oCCcurring

occurring

oCCcurring

oCCcurring

oCCcurring

oCCcurring

occurring

oCCcurring

oCCcurring

occurring

oCCcurring

oCCcurring

occurring

oCCcurring
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SITE

REGION

REGION

REGION

REGION

SITE

SITE

REGION

REGION

REGION

REGION

REGION

SITE

SITE

REGION

REGION

SITHE

SITE

SITE

REGION

SITE

SITE

REGION

SITE

SOuUurce

134

note = misgc feature
amino acid
136..129

note = misc feature
amino acid
141..142

note = misgc feature
amino acid
146..148

note = misc feature
amino acid
152..155

note = misc feature
amino acid

157

note = migc feature
amino acid

160

note = misc feature
amino acid
162..167

note = MISC FEATURE

amino acid and up to

169..171
note = MISC FEATURE

amino acid and up to

172..174

note = misc feature
amino acid
176..1823

note = misgc feature
amino acid
185..186

note = misc feature
amino acid

189

note = misgc feature
amino acid

191

note = migc feature
amino acid
1©2..199

note = misc feature
amino acid

201..202

note = migc feature
amino acid

204

note = misc feature
amino acid

206

note = misgc feature
amino acid

210

note = migc feature
amino acid
212..213

note = MISC FEATURE

amino acid and up to

215

note = misgc feature
amino acid

217

note = migc feature
amino acid
219..223

note = misc feature
amino acid

226

note = MISC FEATURE

23

-continued

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

one

Xaa

Cwo

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Cwo

Xaa

Xaa

Xaa

Xaa 1s present or absent,

Ccarll

cdarll

can

Ccdall

carll

Ccarll

cdarll

Ccan

Xaa

Ccdall

Xaa

cdarll

can

Ccdall

can

Ccarll

Ccdall

Ccarll

Ccdall

can

Ccarll

Ccdall

Xaa

can

Ccarll

Ccdall

be any

be any

be any

be any

be any

be any

be any

be any

can be

be any

can be

be any

be any

be any

be any

be any

be any

be any

be any

be any

be any

be any

can be

be any

be any

be any

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

abgent

naturally

absgsent

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

naturally

absgsent

naturally

naturally

naturally

oCCcurring

oCccurring

OCCurring

oCCcurring

oCccurring

oCCcurring

oCccurring

OCCurring

OCCurring

oCccurring

OCCurring

oCCcurring

occurring

oCCcurring

oCCcurring

oCCcurring

oCCcurring

occurring

oCCcurring

oCCcurring

occurring

oCCcurring

oCCcurring

and 1if

present, Xaa can be any naturally occurring amino acid

1..226
mol type

protein

organism = synthetic construct

Mar. 23, 2023
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-continued

SEQUENCE: 16

XXXXTOQXPXS XXXSXGEXXXT IXCXXXSXXV XXXXXXXXXX XQXXPGXXPK LXIYXXXXSX 60
XXSXXXXRES GSXS5GXXXXL TXSXLOAEDX AXYYCXXQOXX XXXXXXFGXGE TKLXXXXXXX 120
AAPSVXXFPP SXEXLXXXXA XXVCLXXXFY PXXXXVXWKX DXXXXXXGEXX XEXXTXXXXX 180

XXXYXXS5SXL XLXXXXXXXH XXYXCXVTHX GXXSXVXEKXX XXXECX 226
SEQ ID NO: 17 moltype = AA length = 7
FEATURE Location/Qualifiers
REGION 1..7
note = Monoclonal anti-IgE antibody VH chain

SITE 4
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Val or Gly, preferably Xaa 1s Val

source 1..7
mol type = proteiln
organism = synthetic construct
SEQUENCE: 17
VOQLXOQOSG 7
SEQ ID NO: 18 moltype = AA length = 16
FEATURE Location/Qualifiers
REGION 1..16
note = Monoclonal anti-IgE antibody VH chain
SITE 3

note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Ala or Arg, more preferably Xaa 1is Ala
SITE 5
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Leu or Val, more preferably Xaa is Val
SITE 6
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Lys or Arg, more preferably Xaa is Lys
SITE 7
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Leu or Val, more preferably Xaa is Val
SITE 10
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Ala or Lys, more preferably Xaa is Lys
SITE 14
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Phe or Tyr, more preferably Xaa is Tyr

source 1..16
mol type = protein
organism = synthetic construct
SEQUENCE: 18
PGXSXXXSCX ASGXTE 16
SEQ ID NO: 19 moltype = AA length = 12
FEATURE Location/Qualifiers
REGION 1..12
note = Monoclonal anti-IgE antibody VH chain
SITE 8

note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Lys or Gln, preferably Gln

source 1..12
mol type = proteiln
organism = synthetic construct
SEQUENCE: 19
WVROQAPGXGL EW 12
SEQ ID NO: 20 moltype = AA length = 12
FEATURE Location/Qualifiers
REGION 1..12
note = Monoclonal anti-IgE antibody VH chain
SITE 3

note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Arg or Gln
SITE 6
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Leu or Thr
gource 1..12
mol type protein
organism = synthetic construct
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30

-continued
SEQUENCE: 20
WGXGTXVTVS SA 12
SEQ ID NO: 21 moltype = AA length = 14
FEATURE Location/Qualifiers
REGION 1..14
note = Monoclonal anti-IgE antibody VH chain
SITE 3
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Thr, Lys, or Arg
SITE 4
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Ala or Ser
SITE 5
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Glu or Asp
source 1..14
mol type = proteiln
organism = synthetic construct
SEQUENCE: 21
SLXXXDTAVY YCAR 14
SEQ ID NO: 22 moltype = AA length = 12
FEATURE Location/Qualifiers
REGION 1..12
note = Monoclonal anti-IgE antibody VH chain
SITE 2
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Phe or Val
SITE 3
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Thr or Val
SITE 4
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1g Ile, Phe, or Met
SITE 5
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Ser or Thr
SITE 6
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Leu, Arg, or Thr
SITE 8
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
18 Asn or Thr, more preferably Xaa 1s Thr
SITE 10
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Lys, Thr, or Val
SITE 11
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
18 Asn or Ser, more preferably Xaa 1is Ser
source 1..12
mol type = proteiln
organism = synthetic construct
SEQUENCE: 22
RXXXXXDXSX XT 12
SEQ ID NO: 23 moltype = AA length = 328
FEATURE Location/Qualifiers
REGION 1..328
note = Monoclonal anti-IgE antibody VH chain
source 1..328
mol type = proteiln
organism = synthetic construct
SEQUENCE: 23
TKGPSVEFPLA PSSKSTSGGET AALGCLVKDY FPEPVTVSWN SGALTSGVHT FPAVLOSSGL 60
YSLSSVVTVP SSSLGTQTYI CNVNHKPSNT KVDKKVEPKS CDKTHTCPPC PAPELLGGPS 120
VFLFPPKPKD TLMISRTPEV TCVVVDVSHE DPEVKEFNWYV DGVEVHNAKT KPREEQYNST 180
YRVVSVLTVL HODWLNGKEY KCKVSNKALP APIEKTISKA KGOQPREPOQVY TLPPSRDELT 240
KNOVSLTCLYV KGFYPSDIAV EWESNGOQPEN NYKTTPPVLD SDGSFEFLYSK LTVDKSRWOQQ 300
GNVEFSCSVMH EALHNHYTQK SLSLSPGK 328
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-continued
SEQ ID NO: 24 moltype = AA length = 8
FEATURE Location/Qualifiers
REGION 1..8
note = Monoclonal anti-IgE antibody VL chain
SITE 6

note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Gly or Lys

source 1..8
mol type = proteiln
organism = synthetic construct
SEQUENCE: 24
RESGSXSG 8
SEQ ID NO: 25 moltype = AA length = 15
FEATURE Location/Qualifiers
REGION 1..15
note = Monoclonal anti-IgE antibody VL chain
SITE 3

note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Ile or Val
SITE 5
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Gly or Ser
SITE 11
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Glu or Val
SITE 13
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Asp or Val

source 1..15
mol type = protein
organism = synthetic construct
SEQUENCE : 25
LTXSXLOAED XAXYY 15
SEQ ID NO: 26 moltype = AA length = 7
FEATURE Location/Qualifiers
REGION 1..7
note = Monoclonal anti-IgE antibody VL chain
SITE 3

note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Gly, Ser, or Gln

source 1..7
mol type = protein
organism = synthetic construct
SEQUENCE: 26
FGXGTKL 7
SEQ ID NO: 27 moltype = AA length = 15
FEATURE Location/Qualifiers
REGION 1..15
note = Monoclonal anti-IgE antibody VL chain
SITE 6

note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Phe or Thr
SITE 7
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Ile or Leu
SITE 12
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
1s Asp Oor Ser
SITE 14
note = MISC FEATURE - Xaa 1s any amino acid, preferably Xaa
18 Glu or Gln

source 1..15
mol type = proteiln
organism = synthetic construct
SEQUENCE: 27
AAPSVXXEFPP SXEXL 15
SEQ ID NO: 28 moltype = AA length = 12
FEATURE Location/Qualifiers

REGION 1..12
note = Monoclonal anti-IgE antibody VL chain
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SITE

SITE

SITE

SITE

SITE

SOuUurce

SEQUENCE: 28

AXXVCLXXXF YP

SEQ ID NO: 29
FEATURE
REGION

SITE

SITE

SITE

SITE

SITE

SOouUurce

SEQUENCE: 29

HXXYXCXVTH XG

SEQ ID NO: 30

FEATURE

REGION

SITE

SITE

SITHE

SITE

SITE

SITHE

SITE

SITE

32

-continued

2

note = MISC FEATURE - Xaa 1g any amino
1s Ser or Thr

3

note = MISC FEATURE - Xaa 1s any amilno
1s Leu or Val

~

note = MISC FEATURE - Xaa 1s any amino
1s Ile or Leu

8

note = MISC FEATURE - Xaa 1s any amilno
1s Asn or Ser

5

note = MISC FEATURE - Xaa 1s any amilno
1s Asp Or Ash

1..12
mol type = proteiln
organism = synthetic construct

moltype = AA length = 12

Location/Qualifiers

1..12

note = Monoclonal anti-IgE antibody VL

2

note = MISC FEATURE - Xaa 1s any amino
1s Lys or Arg

3

note = MISC FEATURE - Xaa 1s any amilno
1s Ser or Val

5

note = MISC FEATURE - Xaa 18 any amino
1s Ala or Ser

7

note = MISC FEATURE - Xaa 1g any amino
1s Glu or Gln

11

note = MISC FEATURE - Xaa 1s any amilno
1s Glu or Gln

1..12
mol type = proteiln
organism = synthetic construct

moltype = AA length = 16

Location/Qualifiers

1..16

note = Monoclonal anti-IgE antibody VL

2

note = MISC FEATURE - Xaa 18 any amino
1s Ala, Asp, or Pro

4

note = MISC FEATURE - Xaa 1g any amino
1g Ala, Leu, or Val

5

note = MISC FEATURE - Xaa 1s any amilno
1s Ala or Ser

6

note = MISC FEATURE - Xaa 18 any amino
1s Gly or Val

8

note = MISC FEATURE - Xaa 1g any amino
1s Leu or Pro

10

note = MISC FEATURE - Xaa 1s any amilno
1s Glu or Gln

11

note = MISC FEATURE - Xaa 18 any amino
18 Arg or Ser

12

note = MISC FEATURE - Xaa 1g any amino
1g Ala, Ile, or Val

acid, preferably

acid, preferably

acid, preferably

acid, preferably

acid, preferably

12

chain

acid, preferably

acid, preferably

acid, preferably

acid, preferably

acid, preferably

12

chain

acid, preferably

acid, preferably

acid, preferably

acid, preferably

acid, preferably

acid, preferably

acid, preferably

acid, preferably

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa
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SITE

SOuUurce

SEQUENCE: 30

PXSXXXS5XGX XXTIXC

SEQ ID NO: 31

FEATURE

REGION

SITE

SITE

SITE

SITE

SITE

SOuUrce

SEQUENCE: 31
QXXPGXXPKL XIY

SEQ ID NO: 32

FEATURE

REGION

SITHE

SITE

SITE

SOUrce

SEQUENCE: 32

33

-continued

15
note = MISC FEATURE - Xaa 1g any amino
18 Asn or Ser

1..16
mol type = proteiln
organism = synthetic construct

moltype = AA length = 13

Location/Qualifiers

1..13

note = Monoclonal anti-IgE antibody VL

2

note = MISC FEATURE - Xaa 1g any amino
18 His or Gln, more preferably Xaa 1is

3

note = MISC FEATURE - Xaa 1s any amilno
1s His or Lys

6

note = MISC FEATURE - Xaa 1s any amino
1s Lys or Gln

~

note = MISC FEATURE - Xaa 1s any amino
1s Ala or Pro

11

note = MISC FEATURE - Xaa 1s any amino
1s Leu or Met

1..13
mol type = proteiln
organism = synthetic construct

moltype = AA length = 218

Location/Qualifiers

1..218

note = Monoclonal anti-IgE antibody VL

33

note = MISC FEATURE - Xaa 1s any amilno
1s Ser or Ala

59

note = MISC FEATURE - Xaa 18 any amino
1g Glu or Lys

60

note = MISC FEATURE - Xaa 1g any amino
1s Ala or Ser

1..218
mol type = proteiln
organism = synthetic construct

acid, preferably Xaa

16

chain

acid, preferably Xaa
Gln

acid, preferably Xaa
acid, preferably Xaa

acid, preferably Xaa

acid, preferably Xaa

13

chain

acid, preferably Xaa

acid, preferably Xaa

acid, preferably Xaa

DIVMTQSPDS LAVSLGERAT INCRASQSVS TSXHSYMHWY QOQKPGOQPPKL LIYYASNLXX 60

GVPDRESGSG SGTDEFTLTIS SLOAEDVAVY YCQHSWEIPW TEFGQGTKLEI KRTVAAPSVE 120
IFPPSDEQLK SGTASVVCLL NNFYPREAKV QWKVDNALQS GNSQESVTEQ DSKDSTYSLS 180
STLTLSKADY EKHKVYACEV THQGLSSPVT KSEFNRGEC

SEQ ID NO: 33
FEATURE
REGION

sOource

SEQUENCE: 33

NPRGVSAYLS RPSPFDLFIR KSPTITCLVV DLAPSKGTVN LTWSRASGKP

moltype = AA length = 99
Location/Qualifiers

1..99

note = Portion of human IgE sequence
1..99

mol type = protein

organism = synthetic construct

QRNGTLTVTS TLPVGTRDWI EGETYQCRVT HPHLPRALM

SEQ ID NO: 34
FEATURE
REGION

SOuUurce

moltype = AA length = 12
Location/Qualifiers

1..12

note = Portion of human IgE sequence
1..12

mol type = proteiln

organism = synthetic construct

218

VNHSTRKEEK 60

59
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SEQUENCE: 34
YOCRVTHPHL PR

SEQ ID NO: 35
FEATURE

REGION

SOouUurce

SEQUENCE : 35
YOQCRVTHPHL PRALM
SEQ ID NO: 36
FEATURE

REGION

SOuUrce

SEQUENCE: 36
ETYQCRVTHP HLPR

SEQ ID NO: 37
FEATURE
REGION

SOUrce

SEQUENCE: 37
ETYQCRVTHP HLPRALM

SEQ ID NO: 38
FEATURE
REGION

sOource
SEQUENCE : 38
PRGVSAYLSR
SEQ ID NO: 39
FEATURE
REGION

SOUurce
SEQUENCE: 39
NPRGVSAYLS R
SEQ ID NO: 40
FEATURE
REGION

SOoOurce
SEQUENCE: 40
PSPFDLFIRK
SEQ ID NO: 41
FEATURE

REGION

sOource

34

-continued

moltype = AA length = 15
Location/Qualifiers

1..15

note = Portion of human IgE sequence
1..15

mol type = proteiln

organism = synthetic construct

moltype = AA length = 14
Location/Qualifiers

1..14

note = Portion of human IgE sequence
1..14

mol type = proteiln

organism = synthetic construct

moltype = AA length = 17
Location/Qualifiers

1..17

note = Portion of human IgE sequence
1..17

mol type = proteiln

organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers

1..10

note = Portion of human IgE sequence
1..10

mol type = proteiln

organism = synthetic construct

moltype = AA length = 11
Location/Qualifiers

1..11

note = Portion of human IgE sequence
1..11

mol type = proteiln

organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers

1..10

note = Portion of human IgE sequence
1..10

mol type = proteiln

organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers

1..9

note = Portion of human IgE sequence
1..9

mol type = proteiln

organism = synthetic construct

12

15

14

17

10

11

10
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SEQUENCE: 41
RPSPEFDLFEI

35

-continued

SEQ ID NO: 42 moltype = AA length = 11
FEATURE Location/Qualifiers
REGION 1..11
note = Portion of human IgE sequence
source 1..11
mol type = proteiln
organism = gsynthetic construct

SEQUENCE: 42
RPSPEDLFIR K

SEQ ID NO: 43 moltype = AA length = 18
FEATURE Location/Qualifiers
REGION 1..18
note = Portion of human IgE sequence
source 1..18
mol type = proteiln
organism = synthetic construct

SEQUENCE: 43
PRGVSAYLSR PSPEDLFEI

SEQ ID NO: 44 moltype = AA length = 20
FEATURE Location/Qualifiers
REGION 1..20
note = Portion of human IgE sequence
gource 1..20
mol type = proteiln
organism = synthetic construct
SEQUENCE: 44
PRGVSAYLSR PSPEDLFIRK
SEQ ID NO: 45 moltype = AA length = 21
FEATURE Location/Qualifiers
REGION 1..21
note = Portion of human IgE sequence
source 1..21
mol type = proteiln
organism = synthetic construct

SEQUENCE: 45
NPRGVSAYLS RPSPEFDLFIR K

SEQ ID NO: 46
FEATURE

moltype =

DNA length = 323

Location/Qualifiers

misc feature 1..323

note = Founder El17 VH sequence
source 1..323

mol type = other DNA

organism = synthetic construct
SEQUENCE: 46
cagtctggac ctgagctgaa gaagcctgga gagacagtca agatctcectg caaggcettec
ggctacacct tcacaaacta tggcatgaac tgggtgaagce aggctccagg aaagggttta
aagtggatgg gctggatcaa cacctacaca ggcgagccca catatgctga tgacttcaag
ggacggtttg ccttctcecttt ggaaacctct gceccagcactg cctatttgca gatcaacaac
ctgaaaaatg aggacaccgce tacatacttce tgtgctagag gagctgcecttce ccacacaatg
gattattggg gccaaggcac cac
SEQ ID NO: 47 moltype = AA length = 107
FEATURE Location/Qualifiers
REGION 1..107

note = Founder El17 VH sequence
source 1..107

mol type = protein

organism = synthetic construct
SEQUENCE: 47

QSGPELKKPG ETVKISCKAS GYTEFTNYGMN WVKQAPGKGL KWMGWINTYT GEPTYADDEK
GRFAFSLETS ASTAYLOINN LEKNEDTATYE CARGAASHTM DYWGOGT

SEQ ID NO:
FEATURE

48

migc feature

SOuUurce

moltype = DNA length = 332
Location/Qualifiers

1..332

note = Founder El17 VL sequence
1..332

mol type = other DNA

organism = synthetic construct

11

18

20

21

60

120
180
240
300
323

60
107
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SEQUENCE :

gacattgtgc
atctcatgca
cagcagaaac

ggggtgccty
cctgtggagg
accttcecggcec

SEQ ID NO:
FEATURE
REGION

SOuUrce

SEQUENCE :

48

taacacagtc

gggctagcca
ccggacagcec

ccaggttcag

aggaggacac
agggcaccaa

49

49

tcctgettec
gtccgtgtcet
acccaagctc
cggaagtggc
tgccacatac
gctggaaatc

moltype =

ttagctgtat
acaagctccc
ctgatcaagt
tctgggacag
tattgccagc
aa

AA  length

Location/Qualifiers

1..110
note =
1..110
mol type
organism

protein
synthetic

30

-continued

ctctggggca
acgcctacat

atgctagcaa
acttcaccct

acagttggga

110

Founder E17 VL sequence

construct

gagagctacc
gcactggtat
tctggagtcet
caacatcgat
gattccttgy

DIVLTQSPAS LAVSLGOQRAT ISCRASQSVS TSSHAYMHWY QQKPGOPPKL LIKYASNLES
GVPARFSGSG SGTDEFTLNID PVEEEDTATY YCQHSWEIPW TEFGOQGTKLEI

SEQ ID NO:
FEATURE

50

misc_feature

SOuUrce

SEQUENCE :
caggttcagc
tcctgcaagy

actggacagyg
aatgagaagt
atggagctcc
agctggccat

SEQ ID NO:
FEATURE
REGION

SOuUrce

SEQUENCE :

50

tgcagcagtc
cttctggtta
gccttgagtyg
tcaagggcaa
gcagcctgac
actggtactt

51

51
QVQLOOSGAE LARPGASVEKL SCKASGYTET SYGISWVEKOR TGOGLEWIGE ISAYNGNTYY

moltype =

DNA

Location/Qualifiers

1..333
note =
1..333
mol type
organism

tggagctgag
cacctttacc
gattggagag
ggccacactyg
atctgaggac
cgatctctgy

moltype =

other DHNA
synthetic

ctggcgaggc
agctatggta
atcagcgcett
actgcagaca

tctgcggtcet
g9Yc

AA  length

Location/Qualifiers

1..111
note =
1..111
mol type
organism

protein
synthetic

length

= 333

Founder F11l VH sequence

construct

ctggggcttce
taagctgggt

acaatggtaa
aatcctccag
atttctgtge

= 111

Founder F1l1l VH sequence

construct

agtgaagctg
gaagcagaga
cacatactac
cacagcgtac

gagagttagc

NEKFKGKATL TADKSSSTAY MELRSLTSED SAVYFCARVS SWPYWYEDLW G

SEQ ID NO:
FEATURE

52

misc_feature

SOuUrce

SEQUENCE :

acgcagccgc
accagcagtyg
gcccoccaaac
tctggctceca

gaggatagct
cta

SEQ ID NO:
FEATURE

REGION

SOuUurce

SEQUENCE :

52

ccteocgegtc

acgttggtgc
tcatgattta
ttgacaagtc

catatgccgy

53

53

moltype =

DNA

Location/Qualifiers

1..3023
note =
1..3023
mol type
organism

cgggtctcect
gtatgactat
tgaggtcagt
tggcaacacyg
cagagttgat

moltype =

other DNA
synthetic

ggacagtcag
gtctcctggt

aagcggccct
gcctcoccectga

gtgttcggeg

AA length

Location/Qualifiers

1..101
note =
1..101
mol type
organism

protein
synthetic

length

= 303

Founder Fl1l VL sequence

construct

tcaccatctce
accaacagca

caggggtccc
ccgtetetygyg

gagggaccaa

101

Founder Fl11 VL sequence

construct

ctgcactgga
cccaggcaaa
tgatcgcttce
gctccaggcet
gctgaccogtc

TQPPSASGSP GOSVTISCTG TSSDVGAYDY VSWYQOHPGK APKLMIYEVS KRPSGVPDRE
SGSIDKSGNT ASLTVSGLOA EDSSYAGRVD VEGGGTKLTV L

SEQ ID NO:
FEATURE

54

misc_feature

SOuUrce

moltype =

DNA

Location/Qualifiers

1. .354
note =
1. .354

length

= 354

Founder P6.2 VH sequence

60

120
180
240
300
332

60
110

60

120
180
240
300
333

60
111

60

120
180
240
300
303

60
101
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SEQUENCE :
caggtccagc
tcctgcaagy

cctggacagy
aatgagaagt
atgcacctca
gtttactcct

SEQ ID NO:
FEATURE
REGION

SOuUrce

SEQUENCE :

54

tgcagcagtc
cttctggata
gccttgagtyg
tcaagggcaa
gcagcctgac
ggtttgctta

55

55

mol type
organism

tggagctgag
cgccttcact
gattggagtg
ggcaacactg
atctgatgac

ctggggccaa

moltype =

other DNA
synthetic

ctggtaaggc
aattacttga

attaatcctyg
actgcagaca
tctgcggtcet

gggactctgg

AA  length

Location/Qualifiers

1..118
note =
1..118
mol type
organism

protein
synthetic

37

-continued

construct

ctgggacttc
tagagtgggt
gaagtggttt
aatcctccag
atttctgtge
tcactgtctc

= 118

Founder P6.2 VH sequence

construct

agtgaaggtg
aaagcagagyg
tacaaaatac
cactgcctac
aagagaagat
tgca

QVOQLOOSGAE LVRPGTSVEKV SCKASGYAFT NYLIEWVKOR PGOGLEWIGY INPGSGEFTKY
NEKFKGKATL TADKSSSTAY MHLSSLTSDD SAVYFCARED VYSWEAYWGQ GTLVTVSA

SEQ ID NO:
FEATURE

56

misc_feature

SOuUrce

SEQUENCE :

gacattgtgc
atatcctgca
cagcagaaac

gggatccctg
cctgtggagg
acgttcggcet

SEQ ID NO:
FEATURE
REGION

SOuUurce

SEQUENCE :

56

tgacccaatc
gagccagtga
caggacagcc
ccaggttcag
ctgatgatgt
cggggacaaa

57

577

moltype =

DNA

Location/Qualifiers

1..333
note =
1..333
mol type
organism

tccagcecttcet
aagtgttgat
acccaaactc
tggcagtggg
tgcaacctat
gttggaaata

moltype =

other DNA
synthetic

ttggctgtgt
agttatggca
ctcatctatc
tctaggacag
ttctgtcagc
aaa

AA length

Location/Qualifiers

1..111
note =
1..111
mol type
organism

Founder Pé6.2 VL

protein
synthetic

length

= 333

Founder P6.2 VL sequence

construct

ctctagggca
atagttttat
gtacatccaa

acttcaccct
aaagttatga

= 111

Sedquelice

construct

DIVLTQSPAS LAVSLGOQRAT ISCRASESVD SYGNSEFMHWY QQKPGQPPKL
GIPARFSGSG SRTDETLTIN PVEADDVATY FCQQSYEDPEF TEGSGTKLEI

SEQ ID NO:
FEATURE
REGION

SOuUurce

SEQUENCE :

QVOQLVQSGSE
ADDFKGREVE
TKGPSVFEFPLA
YSLSSVVTVP
VELEFPPKPKD
YRVVSVLTVL
KNOQVSLTCLV

GNVESCSVMH

SEQ ID NO:
FEATURE
REGION

SOUrce

SEQUENCE :

DIVMTQSPDS
GVPDRESGSG
IFPPSDEQLK
STLTLSKADY

58

58

LKKPGASVKV
SLDTSVSTAY
PSSKSTSGGT
SSSLGTOTYI
TLMISRTPEV
HODWLNGKEY
KGEFYPSDIAV

EALHNHYTOQK

59

59

LAVSLGERAT
SGTDFTLTIS
SGTASVVCLL
EKHKVYACEVY

moltype =

AA length

Location/Qualifiers

1..448
note =
1..448
mol type
organism

SCKASGYTFET
LOISSLKAERED
AALGCLVKDY
CNVNHKPSNT
TCVVVDVSHE
KCKVSNKALP
EWESNGOQPEN

SLSLSPGK

moltype =

protein
synthetic

NYGMNWVROA
TAVYYCARGA
FPEPVTVSWN
KVDKKVEPKS
DPEVKEFNWYV
APTIEKTISKA
NYKTTPPVLD

AA  length

Location/Qualifiers

1..218
note =
1..218
mol type
organism

protein
synthetic

= 448

construct

PGOGLEWMGW
ASHTMDYWGQ
SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGOPREPQVY
SDGSEFELYSK

= 218

construct

gagggccacc
gcactggtac

cctagaatct
caccattaat
ggatccattc

LIYRTSNLES
K

INTYTGEPTY
GTTVTVSSAS
FPAVLOSSGL
PAPELLGGPS
KPREEQYNST
TLPPSRDELT
LTVDKSRWQQ

INCRASQSVS TSAHSYMHWY QQKPGQPPKL LIYYASNLES
SLOQAEDVAVY YCQHSWEIPW TFGOGTKLEI KRTVAAPSVE
NNEFYPREAKYV QWKVDNALQS GNSQESVTEQ DSKDSTYSLS
THOGLSSPVT KSFNRGEC

60

120
180
240
300
354

60
118

60

120
180
240
300
333

60
111

Monoclonal anti-IgE antibody clone E14 VH chailn

60

120
180
240
300
360
420

448

Monoclonal anti-IgE antibody clone E14 VL chain

60

120
180
218
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SEQ ID NO:
FEATURE
REGION

SOUrce

SEQUENCE :

QVOLVQSGSE
ADDFKGREVE
TKGPSVEFPLA
YSLSSVVTVP
VELEFPPKPKD
YRVVSVLTVL
KNOVSLTCLV
GNVESCSVMH

SEQ ID NO:
FEATURE
REGION

SOource

SEQUENCE :

DIVMTQSPDS
GVPDRESGSG
IFPPSDEQLK
STLTLSKADY

SEQ ID NO:
FEATURE
REGION

sOource

SEQUENCE :

QVOLVQSGSE
ADDFKGREVE
TKGPSVEFPLA
YSLSSVVTVP
VELFPPKPKD
YRVVSVLTVL

KNOVSLTCLV
GNVESCSVMH

SEQ ID NO:
FEATURE
REGION

sOource

SEQUENCE :

DIVMTQSPDS
GVPDRESGSG
IFPPSDEQLK
STLTLSKADY

SEQ ID NO:
FEATURE
REGION

SOuUrce

SEQUENCE :

QVOLVQSGAE
AQKLOGRVTM
ASTKGPSVEP
GLYSLSSVVT
PSVFLFPPKP
STYRVVSVLT

60

60

LKKPGASVEKY
SLDTSVSTAY
PSSKSTSGGET
SSSLGTOTYI
TLMISRTPEV
HODWLNGKEY
KGEFYPSDIAV
EALHNHYTOQK

61

61

LAVSLGERAT
SGTDFTLTIS
SGTASVVCLL
EKHKVYACEVY

62

62

LKKPGASVEKV
SLDTSVSTAY
PSSKSTSGGET
SSSLGTQOTYI
TLMISRTPEV
HODWLNGKEY

KGEFYPSDIAV
EALHNHYTOQK

63

63

LAVSLGERAT
SGTDFTLTIS
SGTASVVCLL
EKHKVYACEVY

64

64

VKKPGASVEKY
TTDTSTSTAY
LAPSSKSTSG
VPSSSLGTQT
KDTLMISRTP
VLHQDWLNGK

moltype = AA length
Location/Qualifiers

1..448
note =
1..448
mol type
organism =

protein
synthetic

SCKASGYTET
LOISSLKAERED
AALGCLVKDY
CNVNHKPSNT
TCVVVDVSHE
KCKVSNKALP
EWESNGOQPEN
SLSLSPGK

NYGMNWVROA
TAVYYCARGA
FPEPVTVSWHN
KVDKKVEPKS
DPEVKEFNWYV
APTIEKTISKA
NYKTTPPVLD

moltype = AA length
Location/Qualifiers
1. .218

note =

1..218

mol type = proteiln
organism = gynthetic

INCRASQSVS TSSHAYMHWY
SLOQAEDVAVY YCQHSWEIPW
NNEFYPREAKYV OQWKVDNALQS
THOGLSSPVT KSFNRGEC

moltype = AA length
Location/Qualifiers

1..448
note =
1..448
mol type
organism =

protein
synthetic

SCKASGYTET
LOISSLKAERD
AALGCLVKDY
CNVNHKPSNT
TCVVVDVSHE
KCKVSNKALP
EWESNGQPEN

SLSLSPGK

NYGMNWVROA
TAVYYCARGA
FPEPVTVSWN
KVDKKVEPKS
DPEVKFNWYV
APTEKTISKA

NYKTTPPVLD

moltype = AA length
Location/Qualifiers
1..218

note =

1..218

mol type = protein
organism = gynthetic

INCRASQSVS TSSYSYMHWY
SLOAEDVAVY YCQHSWEIPW
NNEFYPREAKYV OWKVDNALQS
THOGLSSPVT KSFNRGEC

moltype = AA length
Location/Qualifiers
1..449

note =

1..449

mol type = proteiln
organism = gynthetic

SCKASGYTFET SYGISWVROA
MELRSLRSDD TAVYYCARVS
GTAALGCLVK DYFPEPVTVS
YICNVNHKPS NTKVDKKVEP
EVTCVVVDVS HEDPEVKFEFNW
EYKCKVSNKA LPAPIEKTIS

33

-continued

= 448

construct

PGOGLEWMGW
ASHTMDYWGQ
SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGOPREPQVY
SDGSEFELYSK

INTYTGEPTY
GTTVTVSSAS
FPAVLOSSGL
PAPELLGGPS
KPREEQYNST
TLPPSRDELT
LTVDKSRWQQ

= 218

construct

QOKPGOPPKL LIYYASNLES
TEGOQGTKLEI KRTVAAPSVE
GNSQESVTEQ DSKDSTYSLS

448

construct

PGOGLEWMGW
ASHTMDYWGQ
SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGOPREPQVY

SDGSEFELYSK

INTYTGEPTY
GTTVTVSSAS
FPAVLOQSSGL
PAPELLGGPS

KPREEQYNST
TLPPSRDELT

LTVDKSRWQQ

= 218

construct

QOKPGOPPKL LIYYASNLKA
TEGOGTKLEI KRTVAAPSVE
GNSQESVTEQ DSKDSTYSLS

= 449

construct

PGOGLEWMGW
SWPYWYEDLW
WNSGALTSGV
KSCDKTHTCP
YVDGVEVHNA
KAKGQPREPQ

ISAYNGNTNY
GRGTLVTVSS
HTEFPAVLOSS
PCPAPELLGG
KTKPREEQYN
VYTLPPSRDE

Monoclonal anti-IgE antibody clone E17 VH chailn

60

120
180
240
300
360
420
448

Monoclonal anti-IgE antibody clone E17 VL chain

60

120
180
218

Monoclonal anti-IgE antibody clone E23 VH chain

60

120
180
240
300
360
420

448

Monoclonal anti-IgE antibody c¢lone E23 VL chailn

60

120
180
218

Monoclonal anti-IgE antibody clone S91 VH chain

60

120
180
240
300
360
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39

-continued

LTKNOQVSLTC LVKGEFYPSDI AVEWESNGOQP ENNYKTTPPV LDSDGSEFEFLY SKLTVDKSRW 420
QOGNVEFSCSY MHEALHNHYT QKSLSLSPG 449
SEQ ID NO: 65 moltype = AA length = 215
FEATURE Location/Qualifiers
REGION 1..215

note = Monoclonal anti-IgE antibody c¢lone S91 VL chain
source 1..215

mol type = proteiln

organism = gsynthetic construct
SEQUENCE: 65
QSAVTOPPSA SGSPGOSVTI SCTGETSSDVG AYDYVSWYQQ HPGKAPKLMI YEVSKRPSGY 60
PDRESGSKSG NTASLTVSGL QAEDEADYYC SSYAGRVDVE GGGTKLTVLG QPKAAPSVTL 120
FPPSSEELQA NKATLVCLIS DEFYPGAVITVA WKADSSPVKA GVETTTPSKQ SNNKYAASSY 180
LSLTPEOWKS HRSYSCQVTH EGSTVEKTVA PTECS 215
SEQ ID NO: 66 moltype = AA length = 453
FEATURE Location/Qualifiers
REGION 1..453

note = Monoclonal anti-IgE antibody c¢lone H6.2 15 VH chailn
source 1..453

mol type = proteiln

organism = sgynthetic construct
SEQUENCE: 66
QVQLGOSGGE VVQPGRSLRL SCAASGEFTES NYLIEWVROQA PGKGLEWVAV INPGSGETEKY 60
NEKFKOQRFTI SRDNSKNTLY LOMNSLRAED TAVYYCARED VYSWEFAYWGQ GTLVTVSAVT 120
VSSASTKGPS VEFPLAPSSKS TSGGTAALGC LVKDYFPEPV TVSWNSGALT SGVHTEFPAVL 180
QSSGLYSLSS VVTVPSSSLG TOTYICNVNH KPSNTKVDKK VEPKSCDKTH TCPPCPAPEL 240
LGGPSVEFLEFP PKPKDTLMIS RTPEVTCVVV DVSHEDPEVK FNWYVDGVEYV HNAKTKPREE 300
QYNSTYRVVS VLTVLHOQDWL NGKEYKCKVS NKALPAPIEK TISKAKGOPR EPQVYTLPPS 360
RDELTKNQVS LTCLVKGEFYP SDIAVEWESN GQPENNYKTT PPVLDSDGSFEF FLYSKLTVDK 420
SRWOOQGNVES CSVMHEALHN HYTOKSLSLS PGK 453
SEQ ID NO: 67 moltype = AA length = 214
FEATURE Location/Qualifiers
REGION 1..214

note = Monoclonal anti-IgE antibody clone H6.2 15 VL chailn
source 1..214

mol type = proteiln

organism = synthetic construct
SEQUENCE: 67
QSALTOPASY SGSPGOSITI SCTRASESVD SYGNSEFMHOH HPGKAPKLMI YEVRTSNLES 60
SNRESGSKSG NTASLTISGL QAEDEADYYC SSQOSYEDPEF TEFGSGTKLGQ PKAAPSVTLE 120
PPSSEELQAN KATLVCLISD FYPGAVEKVAW KADGSPVNTG VETTTPSKOS NNKYAASSYL 180
SLTPEOWKSH RSYSCOVTHE GSTVEKTVAP AERCS 214
SEQ ID NO: 68 moltype = AA length = 120
FEATURE Location/Qualifiers
REGION 1..120

note = Monoclonal anti-IgE antibody VH chain
source 1..120

mol type = proteiln

organism = synthetic construct
SEQUENCE: 68
QVQLVOSGSE LKKPGASVKY SCKASGYTEFT NYGMNWVROA PGOGLEWMGW INTYTGEPTY 60
ADDFKGREVE SLDTSVSTAY LOQISSLKAED TAVYYCARGA ASHTMDYWGQ GTTVITVSSAS 120
SEQ ID NO: 69 moltype = AA length = 122
FEATURE Location/Qualifiers
REGION 1..122

note = Monoclonal anti-IgE antibody VH chain
source 1..122

mol type = proteiln

organism = synthetic construct
SEQUENCE: 69
QVQLVOSGAE VKKPGASVKY SCKASGYTET SYGISWVROQA PGOGLEWMGW ISAYNGNTNY 60
AQKLOGRVTM TTDTSTSTAY MELRSLRSDD TAVYYCARVS SWPYWYEFDLW GRGTLVTVSS 120
AS 122
SEQ ID NO: 70 moltype = AA length = 125
FEATURE Location/Qualifiers
REGION 1..125

note = Monoclonal anti-IgE antibody VH chain
source 1..125

mol type = proteiln

organism = synthetic construct
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-continued

SEQUENCE: 70

QVOQLGOSGGE VVQPGRSLRL SCAASGEFTES NYLIEWVROQA PGKGLEWVAV INPGSGEFTKY
NEKFKORFTI SRDNSKNTLY LOMNSLRAED TAVYYCARED VYSWEAYWGQ GTLVTVSAVT

VSSAS

1-20. (canceled)
21. A monoclonal antibody, which comprises
(1) a VH chain comprising

(SEQ ID NO:
(X) o (VOLXQSG (X) sPGXS (X) ;SCXASGXTF (X) ;[NVROQAPGXGLEW

(X)
1 (}5 4G (X ) 3Y (X) gR(X) sDXS (X) 5T (X} ¢SL (X) 3DTAVYYCAR (X} g_(;

WGXGTXVITVSSAS,

15)

wherein each X 1s independently any amino acid, and
the VH chain contains a region that has 100%

sequence identity to
PGX2SX3X4X3SCX6ASGXT7TF (SEQ ID NO: 18),

wherein X21sAorR, X3i1sLorV, X41s KorR, X5
1sLorV, X61s AorK, and X7 1s F or Y; and

(2) an amino acid sequence comprising

(a)

60
120
125

-continued

VEGGGTKLTVLGOPKAAPSVTLEFPPSSEELQANKATLVCLISDEYPGAV
TVAWKADSSPVKAGVET TTPSKOSNNKYAASSYLSLTPEOQWKSHRSYSC

QVTHEGSTVEKTVAPTECS .

22. The monoclonal antibody according to claim 21,
wherein the VH chain contains a region having 100%
sequence 1dentity to any one or more of the following
sequences

(X} 4TQ(X) o PXS (X} 3SXG (X)) 3TIXC(X)5 38 (X)) V(X))o 1Q(X})PG({X)>PKLXIY (X})>5 4

S (X} 38 (X)> 4RFSGSXSG(X) 4,LTXSXLQAEDXAXYYC (X) 5 2Q(X) ¢ gFGXGTKL (X) 3_+

AAPSV (X) ,FPPSXEXL (X) 4A (X) 5VCL (X) 3FYP (X) JVXWKXD (X) 5_ (G (X) | 3E(X)>T (X) g

Y (X) 5SSXLXL (X) ;H({X) SYXCXVTHXG (X) 5 >SXVXK (X) sEC(X) o_y,

wherein each X 1s mndependently any amino acid;

(b)

(SEQ ID NO: 32)
DIVMTOSPDSLAVSLGERATINCRASOSVSTSX50HSYMHWYQOQKPGOP
PKLLIYYASNLXL7X58GVPDRFSGSGSGTDFTLTISSLOAEDVAVYYC
OHSWEIPWTEFGOGTKLEIKRTVAAPSVEFIFPPSDEQLKSGTASVVCLLN
NEYPREAKVOWKVDNALOQSGNSOESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHOGLSSPVTKSFNRGEC, wherein X556 1g A or
S, X57 18 E or K, X5E8 18 A or S;

(c)

(SEQ ID NO: 63)
DIVMTQSPDSLAVSLGERATINCRASQSVSTSSYSYMHWYQQKPGQPPK
LLIYYASNLKAGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCQHSWET

PWTFGOGTKLEI KRTVAAPSVEFIFPPSDEQLKSGTASVVCLLNNEFYPRE
AKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY

ACEVTHOGLSSPVTKSEFNRGEC;
or

(d)
(SEQ ID NO: 65)
OSAVTQOPPSASGSPGOSVTISCTETSSDVGAYDYVSWYQOHPGKAPKLM

IYEVSKRPSGVPDRESGSKSGNTASLTVSGLOAEDEADYYCSSYAGRVD

(SEQ ID NO: 17)
VOLX108G,

(SEQ ID NO: 19)
WVRQAPGXS8GLEW,

(SEQ ID NO: 16)
-continued

(SEQ ID NO: 20)
WEXO9GTX10VTVSSA,

(SEQ ID NO: 21)
SLX11X12X13DTAVYYCAR,
and

(SEQ ID NO: 22)

RX14X15X16X17X18DX195X20X21T,

wherein X1 to X21 are each independently any amino
acid.

23. The monoclonal antibody according to claim 21,

wherein the VH chain contains a region having 100%

sequence 1dentity to any one or more of the following
sequences

(SEQ ID NO: 17)
VOLX108G,

(SEQ ID NO: 18)
PGX28X3X4XES8CX6ASGXTTF,

(SEQ ID NO: 19)
WVRQOAPGXSGLEW,

(SEQ ID NO: 20)
WEXO9GTX10VTVSSA,
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-continued

(SEQ ID NO: 21)
SLX11X12X13DTAVYYCAR,

and

(SEQ ID NO:
RX14X15X16X17X18DX195X20X21T,

22)

wherein X1 1sVor G, X21s AorR, X31sLorV, X4 1s
KorR,X51sLorV,X61sAor K, X71sForY, X8
1s KorQ,X91s RorQ, X101s Lor T, X111sT, K, or
R, X121sAor S, X131s Eor D, X141s F or V, X15
1s TorV, X161s I, F, or M, X171s Sor T, X18 1s L,
R,orT, X191s NorT, X201s K, T, or V, and X21 1s
N or S.

24. The monoclonal antibody according to claim 21,
wherein

(1) the VH cham 15 QVQLVQSGSELKKP-
GASVKVSCKASGYTFINYGMNWVRQAPGQ-
GLEWMGWINTYTGEPTYAD
DFKGRFVEFSLDTSVSTAYLQISSLKAEDTAVYY-
CARGAASHTMDYWGQGTTVTVSSAS (SEQ 1D
NO: 68) or the VH chain 1s provided as part of a
sequence having a percent identity of about 75% to
about 100% to QVQLVQSGSELKKPGASVKVSCK-
ASGYTFINYGMNWVRQAPGQ-
GLEWMGWINTYTGEPTYAD
DFKGRFVEFSLDTSVSTAYLQISSLKAEDTAVYY-
CARGAASHTMDYWGQGTTVTVSSASTKGP
SVEFPLAPSSKSTSGGTAALGCLVKDYF-
PEPVTVSW (SEQ ID NO: 2); and

(2) the amino acid sequence contains a region having
100% sequence 1dentity to a sequence selected from the
group consisting of

(SEQ ID NO:
YMHWYQOKPGOPPKLLIYYASNLESGVPDREFSGS,

4)

(SEQ ID NO: 5)
YMHWYQQKPGOPPKLLIYYASNLKAGVPDRFSGS,
and

(SEQ ID NO: &)

YVSWYQOHPGKAPKLMIYEVSKRPSGVPDRESGS.

25. The monoclonal antibody according to claim 24,
wherein the VH chain 1s

(SEQ ID NO: 68)
QVOLVOSGSELKKPGASVKVSCKASGY TETNY GMNWVROQAPGOGL EWMG
WINTYTGEPTYADDEFKGREVESLDTSVSTAYLOQISSLKAEDTAVYYCAR
GAASHTMDYWGQGTTVTVSSAS,

(SEQ ID NO: 69)
QVOLVOSGAEVKKPGASVEKVSCKASGYTEFTSYGI SWVROQAPGOGL EWMG
WISAYNGNTNYAQKLOGRVITMTTDTSTSTAYMELRSLRSDDTAVYYCAR
VSSWPYWYFDLWGRGTLVTVSSAS,

oI

(SEQ ID NO: 70)
QVOLGOSGGGWOPGRSLRLSCAASGETEFSNYLIEWVROAPGKGLEWVAY
INPGSGEFTKYNEKFKOREFTISRDNSKNTLY LOMNSLRAEDTAVYYCARE
DVYSWEAYWGOGTLVIVSAVTVSSAS.

26. The monoclonal antibody according to claim 24,
wherein the VH chain 1s provided as part of a sequence
having a percent 1dentity of at least about 90% up to 100%
to
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(SEQ ID NO:
QVOLVOSGSELKKPGASVKVSCKASGYTETNY GMNWVROQAPGOGL EWMG

1)

WINTYTGEPTYADDFKGREVESLDTSVSTAYLQISSLKAEDTAVYYCAR
GAASHTMDYWGOGTTVTVSSASTKGPSVEFPLAPSSKSTSGGTAALGCLY
KDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELEP
PKPKDTLMISRTPEVITCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGO
PREPOQVYTLPPSRDELTKNOVSLTCLVKGEYPSDIAVEWESNGOPENNY
KITPPVLDSDGSEFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKS
LSLSPGK.

27. The monoclonal antibody according to claim 21,
wherein the amino acid sequence contains a region that has
100% sequence 1dentity to any one or more of the following
sequences

(SEQ ID NO: 24)
REFSGSX228G,

(SEQ ID NO: 25)
LTX223SX24LOAEDX254AX26YY,

(SEQ ID NO: 26)
FGX27GTKL,

(SEQ ID NO: 27)
AAPSVX28X29FPPSX30EX31L,

(SEQ ID NO: 28)
AX32X33VCLX34X35X36FYP,

(SEQ ID NO: 29)
HX37X28YX39CX40VTHX41G,

(SEQ ID NO: 30)
PX425X43X44X455X45GX47X48X49TIX50C,
and

(SEQ ID NO: 231)

QXB1X52PGX5E3XE4PKLXEEIY,

wherein X22 to X535 are each independently any amino

acid.

28. The monoclonal antibody according to claim 21,
wherein the amino acid sequence contains a region that has
100% sequence 1dentity to any one or more of the following
sequences

(SEQ ID NO: 24)
RFSGSX228G,

(SEQ ID NO: 25)
LTX23S8X24LOAEDX254AX26YY,

(SEQ ID NO: 26)
FGX27GTKL,

(SEQ ID NO: 27)
AAPSVX28X29FPPSX30EX31L,

(SEQ ID NO: 28)

AX32X33VCLX34X35X36FYP,
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-continued
(SEQ ID NO: 29)
HX37X38YX29CX40VTHX41G,
(SEQ ID NO: 30)
PX428X43X44X458X453X47X48X49TIX50C,
and
(SEQ ID NO: 31)

QX51XE2PGX53X54PKLX551Y,

wherein X221s GorK, X231slorV, X241s Gor S, X25
is EorV, X261s D or V, X27 1s G, S, or Q, X28 1s F
or T, X291sTor L, X301s Dor S, X31 1s E or Q, X32
1sSorT,X331sLorV,X341slorL, X351s N or S,
X361s DorN, X371s Kor R, X381s S or V, X39 1s

AorS, X401sEor Q, X41 1s Eor Q, X42 1s A, D, or
P,X43 1sA,L,orV,X441sAor S, X451s Gor V, X46
is LorP, X471s EorQ, X481sRor S, X491s A, I, or
V, X501s Nor S, X511s Hor Q, X521s Hor K, X53
1s K or Q, X54 1s A or P, and X35 1s L or M.

29. The monoclonal antibody according to claim 21,
wherein the amino acid sequence contains a region that has
a percent sequence 1dentity of at least about 65% up to 100%
to
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(SEQ ID NO: 4)

YMHWYQOQKPGOPPKLLIYYASNLESGVPDRESGS.

30. The monoclonal antibody according to claim 21,
wherein the amino acid sequence contains a region that has
100% sequence 1dentity to a sequence selected from the
group consisting of:

(SEQ ID NO: 4)
YMHWYQOKPGOPPKLLIYYASNLESGVPDRFSGS,

(SEQ ID NO: 5)
YMHWYQQOKPGOPPKLLIYYASNLKAGVPDRFSGS,
and

(SEQ ID NO: 6)

YVSWYQOQHPGKAPKLMIYEVSKRPSGVPDRESGS.

31. The monoclonal antibody according to claim 21,
wherein the amino acid sequence 1s

(SEQ ID NO: 32)

DIVMTOQSPDSLAVSLGERATINCRASQOSVSTSX56HSYMHWYQOQKPGOPPKLLIYYASNLXE Y

XE8GVPDRESGSGSGTDEFTLTISSLOAEDVAVYYCOHSWEIPWITFGOQGTKLEIKRTVAAPSVE

IFPPSDEQLKSGTASVVCLLNNEFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSST

LTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC,

S,

wherein X556 1g A or

X57 1g E or K, X58 18 A or S,

(SEQ ID NO: 65)

QSAVTIOQPPSASGSPGOSVITISCTGTSSDVGAYDYVSWYQOHPGKAPKLMIYEVSKRPSGVPD

RESGSKSGNTASLTVSGLOAEDEADYYCSSYAGRVDVEGGGTKLTVLGOPKAAPSVITLEPPS

SEELOANKATLVCLISDEFYPGAVIVAWKADSSPVKAGVETTTPSKOSNNKYAASSYLSLTPE

OWKSHRSYSCOVTHEGSTVEKTVAPTECS,

or

(SEQ ID NO: 67)

QSALTOPASVSGSPGOS ITISCTRASESVDSYGNSFMHOHHPGKAPKLMIYEVRTSNLESSN

RESGSKSGNTASLTISGLOAEDEADYYCSSQOQSYEDPEFTEFGSGTKLGOQPKAAPSVTLEPPSS

EELOANKATLVCLISDEYPGAVKVAWKADGSPVNTGVETTTPSKOSNNKYAASSYLSLTPEQ

WKSHRSYSCOQVTHEGSTVEKTVAPAERCS .

32. The monoclonal antibody according to claim 21,

wherein the VH chain further comprises at least 10, 20, 30,

40, or 30 consecutive amino acid residues of

(SEQ ID NO: 23)

TKGPSVEFPLAPSSKSTSGGETAALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLOSSGLYS

LSSVVITVPSSSLGTOQTY ICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELE

PPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVY

LTVLHODWLNGKEY KCKVSNKALPAPIEKT ISKAKGOPREPOVYTLPPSRDELTKNQVSLTC

LVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFEFLYSKLTVDKSRWOOGNVESCSVMH

EALHNHYTQKSLSLSPGK at its C-terminus.



US 2023/0090487 Al

33. The monoclonal antibody according to claim 24,
wherein the VH chain further comprises

Mar. 23, 2023

(SEQ ID NO: 23)
TKGPSVFPLAPSSKSTSGGETAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYS

LSSVVITVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVELFE

PPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVV SV

LTVLHODWLNGKEY KCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSLTC

LVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWOOGNVESCSVMH

EALHNHYTQKSLSLSPGK at 1ts C-terminus.

34. The monoclonal antibody according to claim 21,
wherein the monoclonal antibody binds to human IgE with
a binding affinity of about 5x107 to about 7x10™° M Kd as
measured by the Biacore method.

35. A composition comprising one or more monoclonal
antibodies according to claim 21.

36. A method of treating a subject for a food allergy,
asthma, allergic rhinitis, atopic dermatitis, urticana,
angioedema, or anaphylactic hypersensitivity, which com-
prises administering to the subject one or more monoclonal
antibodies according to claim 21 or a composition compris-
ing the one or more monoclonal antibodies.

37. The method for treating a subject according to claim
36, which comprises determining the binding aflinity to
human IgE of the one or more monoclonal antibodies using,
the Biacore method, and administering the one or more

monoclonal antibodies which have a binding athnity of
about 5x107> to about 7x10™° M Kd to human IgE.

38. A method for treating or inhibiting an allergic reaction
in a subject, which comprises administering to the subject
one or more monoclonal antibodies according to claim 21 or
a composition comprising the one or more monoclonal
antibodies.

39. The method for treating or inhibiting an allergic
reaction 1n a subject according to claim 38, which comprises
determining the binding afhinity to human IgE of the one or
more monoclonal antibodies using the Biacore method, and
administering the one or more monoclonal antibodies which
have a binding affinity of about 5x107 to about 7x10™° M
Kd to human IgE.
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