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(57) Abstract: Immunotherapeutic proteins comprising at least one heavy chain polypeptide derived from an IgG2 antibody are dis-
closed, wherein the heavy chain polypeptide comprises at least constant heavy domains 2 and 3 (CH2 and CH3) and the lower hinge,
and the sequence of the lower hinge comprises a mutation enabling the immunotherapeutic protein to bind to and/or activate FcyRIIb.
The immunotherapeutic protein 1s suitable for use in methods of treating diseases or conditions wherein, for example, the activation of
FcyRIIb (1e for recruitment of the inlubitory functions of FcyRIIb) 1s beneficial, such as allergic diseases.
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MODIFIED IMMUNOGLOBULIN WITH AFFINITY FOR FcGAMMARIIb
AND METHOD OF USE THEREOF

TECHNICAL FIELD

|0001] The present disclosure relates to immunotherapeutic proteins comprising modified
immunoglobulin molecules (1e antibodies) for use in methods of treating diseases or conditions. More
particularly, the present disclosure describes mutant [g(G2 antibodies showing improved binding
specificity and affinity to the human inhibitory receptor, FcyRIIb. These antibodies may be used for

treating diseases wherein, for example, the activation of FcyRIIb 1s beneficial, such as allergic diseases.

PRIORITY DOCUMENT

[0002] The present application claims priority from Australian Patent Application No. 2020904823
titled "Modified immunoglobulin and method of use thereof (1)" and filed on 23 December 2020, the

content of which 1s hereby incorporated by reterence 1n its entirety.

BACKGROUND

|0003] Monoclonal antibodies (mAbs) have become one of the most important and successtul types of
therapeutics, revolutionising the treatment of cancer and inflammatory diseases such as autoimmune
diseases. Many mAbs engineered on an 1gG antibody class backbone specitfically harness the powertul
ettector tunctions of the immune system by engaging both the target antigen via their variable Fab
domains and Fcy receptors (FcyRs) via their heavy chains including the constant Fc fragment. In
inflammatory diseases, engineered mAbs may potentially act by neutralising intflammatory mediators, by
neutralising their receptors or by engaging immune regulatory receptors. One particular mterest in the
context of the present invention, 1s the potential to neutralise the pro-intflammatory responses 1n allergic

reactions, the major mediator of which 1s allergen-specitic IgE activation of its high atfinity receptor,

FceRI.

|0004] An example of an engineered mAb approved for use 1n the treatment of allergic diseases 1s the
[gG1-based mAb, Omalizumab. This mAb targets the IgE/FceRI pathway by neutralising the interaction
of IgE with FceRlI to thereby prevent activation of basophils, which are a critical inflammatory cell 1n
IgE-dependant allergic responses (Gericke J et al., JEADV 29(9):1832-1836, 2014). Human basophils,
express both FceRI, as well as 1ts regulator, the inhibitory receptor FcyRIIb (Kepley CL et al, J Allergy
Clin Immunol 106(2):337-348, 2000). FcyRIIb 1s a potent checkpoint regulating antibody-dependant

inflammatory cell activation. It acts via an Immunoreceptor Tyrosine Inhibitory Motit (ITIM) that
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modulates the Immunoreceptor Tyrosine Activation Motit (ITAM)-dependant signalling pathway ot

FceRI and the activating-type IgG and IgA Fc receptors, namely FcyRI, FcyRlIla, FcyRIlla and FcoRl.
FcyRIIb also modulates B cell activation by the B cell antigen receptor (BCR). Targeting of immune
checkpoints such as FcyRIIb has emerged as a strategy for modulating leukocyte responses in disease
(Kaplon H and JM Reichert, Mabs 11(2):219-238, 2019; Chenoweth AM et al., Immunol Cell Biol
08(4):287-304, 2020). However, unlike mAb targeting ot checkpoints of T cell function (eg PD-1, PD-
L.1), FcyRIIb 1s unique 1n the context of mAb therapeutics, because of its specificity for the Fc fragment
of the therapeutic mAb, and since, to exert its mhibitory action, FcyRIIb requires co-crosslinking with an
ITAM-containing activating receptor, tor example an activating type FcR complex or the antigen receptor
complex of B cells also known as the B cell antigen receptor or BCR (Getahun A and JC Cambier,
Immunol Reviews 268(1):66-73, 2015; Chenoweth AM et al., 2020 supra), a strategy which uses specific

immune-suppressing antibodies that can harness the normal physiological inhibitory role of FcyRIIb

(whilst co-aggregated with FceRI or co-aggregated with the B-cell antigen receptor, BCR) 1n an allergy

response, otfers a potentially usetul way to target activating receptors such as the high attinity Igk

receptor, FceRl, or the BCR.

|0005] In work leading to the present disclosure, the inventors chose to ivestigate the use ot 1gG2-
based immunoglobulin molecules for the treatment or prevention of an allergic response, since the "Ig(G2
backbone” 1s considered to be "functionally mert” masmuch as Ig(G2 antibodies have a very restricted
FcyR specificity binding only to one allelic form of the low atfinity activating-type FcyRlIla (1e the "His
131 form", FeyRIla-His"'; Bredius RGM et al., J Immunol 151:1463-1472, 1993), limited effector
tunction and are unable to fix complement; meaning that an engineered Ig(G2 antibody (1e a mutant 1g(G?2
antibody) may be less prone to causing unwanted activities (1e "side effects”) mcluding, unwanted pro-
inflammatory ettector responses such as FcyR-dependent cytokine release from an inflammatory cell, cell
cytotoxicity from a killer cell or, potentially, life-threatening itlammatory responses known as a
‘cytokine storm” (eg as has been observed with TGN1412, an IgG4-based anti-CD28 monoclonal
antibody; Suntharalingam G et al., N Engl J Med 355(10):1018-1028, 2006). However, while 1g(G2
antibodies are known not to bind to FcyRIIb or the other FcyRs, with the exception of the one allelic form
of FcyRlIla mentioned above (Bruhns P ef al, Blood 113(16):3716-3725, 2009; and Figure 1A
hereinafter), the inventors were nevertheless, and surprisingly, able to engineer the 1g(G2 backbone so as
to improve FcyRIIb specificity, atfinity and inhibitory potency. It 1s considered that the approach taken
has wider implications tor the generation of immunotherapeutic proteins including novel potent anti-

inflammatory therapeutic mAbs and molecules.
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SUMMARY

|0006] Thus, 1n a first aspect, the present disclosure provides a method of treating a disease or condition
in a subject, wherein binding to and/or activation of FcyRIIb 1s beneficial in the treatment or prevention
of said disease or condition, said method comprising administering to said subject an effective amount of
an immunotherapeutic protein comprising at least one heavy chain polypeptide derived trom an 1g(G?2
antibody, wherein said heavy chain polypeptide comprises at least constant heavy domains 2 and 3 (ie
CH2 and CH3) and the lower hinge, and the sequence of the lower hinge comprises a mutation enabling

the immunotherapeutic protein to bind to and/or activate FcyRIIb.

|0007] In some particular preterred embodiments, the lower hinge sequence of the immunotherapeutic
protein comprises an amino acid sequence selected from: ELLGG (SEQ ID NO: 1), EFLGG (SEQ ID
NO: 2) and EFEGG (SEQ ID NO: 3).

|0008] In a second aspect, the present disclosure provides the use of an immunotherapeutic protein as
defined 1n the first aspect, for treating a disease or condition wherein binding to and/or activation ot
FcyRIIb is beneficial, including, for example, allergic diseases, autoimmune diseases and conditions,

intectious diseases and proliferative diseases.

|0009] In a third aspect, the present disclosure provides the use of an immunotherapeutic protein as
defined 1n the first aspect, in the manutacture of a medicament for treating a disease or condition wherein
binding to and/or activation of FcyRIIb 1s beneficial, including, for example, allergic diseases,
autormmune diseases and conditions, other inflammatory diseases, infectious diseases and proliferative

diseases.

|0010] In a fourth aspect, the present disclosure provides a pharmaceutical composition or medicament
comprising an immunotherapeutic protein as defined in the first aspect, and a pharmaceutically acceptable

carrier, diluent and/or excipient.

BRIEF DESCRIPTION OF FIGURES

[0011] Figure 1 shows the binding profiles of mutant Ig(G2 antibodies according to the present

disclosure with human FcyR 1in comparison with IgG1, IgG2, IgG4 and mutant 1gG4 antibodies;

[0012] Figure 2 shows inhibition of bee venom Api m 1 allergen-dependant basophil activation in
washed blood, that lacks physiological levels of IgG, from allergic patients using mutant IgiG2 antibodies

according to the present disclosure;
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[0013] Figure 3 provides the results of basophil activation test (BAT) assays using mutant 1gG2
antibodies according to the present disclosure, showing inhibition of bee venom Api m 1 allergen-
dependant basophil activation in whole blood, that contains physiological levels of IgG, from allergic

patients;

[0014] Figure 4 provides the results of assays conducted to determine whether mutant Ig(G2 antibodies
including SELF mutations show improved binding affinity to FcyRIIb and FeyRIIa-R"': (A) BLI analysis
of the binding of rsFcyRIIb to monomeric anti-TNP IgG1, IgG2 and the indicated mutants or 1gG2
captured on TNP-BSA (mean + SEM); (B) BLI analysis of the binding of rsFcyRIIIa-R""' to monomeric
anti-TNP IgG1-SELF, IgG2-SELF, 1gG2-FLGG-SELF and IgG2-FEGG-SELF captured on TNP-BSA

(mean + SD);

[0015] Figure 5 provides results demonstrating that mutant Ig(G2 antibodies according to the present
disclosure have altered human FcyR binding profiles. Using cells expressing human FcyR, the binding
avidity of complexed IgG to the low affinity human FcyR or atfinity of un-complexed monomeric IgG to
FcyRI was determined by flow cytometry: (A) FeyRIIb, (B) FeyRIla-R"', (C) FeyRIla-H"', (D)
ch(RIHa—F15 ° (E) ch(RIIIa.—V15 * and (F) FcyRI. Statistical comparisons were made between IgG mutants
and the relevant IgG WT backbone. * (p < 0.5), ** (p < 0. 1), ¥** (p < 0.01), **** (p <0.0001), n.s (not

significant);

[0016] Figure 6 shows the results of FcyR binding specificity of monomers of mutant IgG2 antibodies

according to the present disclosure. Some of the mutant 1gG2 antibodies included the SELF mutations;

[0017] Figure 7 provides the results of BAT assays using mutant Ig(G2 antibodies according to the
present disclosure (some with the SELF mutations), showing inhibition ot anti-IgE dependant basophil
activation by IgG mutants (using anti-IgE-TNP as IgE-dependent stimuli) in whole blood trom healthy

donors; and

[0018] Figure 8 provides the results of experiments to assess FcyRIIb expression and FcyRIIb specific
inhibition of FceRl1 activation: (A) Flow cytometric detection of FcyRI1Ib on IgE positive basophils using
F(ab'), fragments of the FcyRIIb specific mAb, H2B6, compared to butfer background (Bkg); (B) H2B6
F(ab'), blockade of FcyRIIb prevents inhibition of basophil activation by IgG2-FLGG (7.5ug/ml) in
whole blood BAT; (C) mAb suppression of IgE/FceRI-dependent induced calcium mobilisation in IIA1.6
cells co-expressing the FceRI (afy) complex and inhibitory FcyRIIb. The cells were pre-treated with IgE
overnight and stimulated with anti-TNP antibodies pre-complexed with TNP-conjugated F(ab'), anti

higE. Cells were stimulated with anti-IgE-TNP (F(ab'),) (20ug/ml) and mAbs (35ug/ml). Calcium Flux

(340/380nm) was measured over time and imhibition of calcium flux by mutant Ig(G2 antibodies compared
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to parental wild type IgG2 which does not bind FcyRIIb. Unstimulated baseline control 1s bufter alone
(n=3);

[0019] Figure 9 provides the results of experiments showing suppression of antigen stimulation of

B cells by IgG mAbs detecting the B cell antigen receptor complex. Anti-IgE mAbs with the variable
domains of omalizumab with an Ig(G4 backbone or Ig(G2 backbone suppress NIP(22)BSA stimulation ot
the NIP-specitic hu-IgE BCR-triggered calcium flux in B cells co-expressing human FcyRIIb1.

Regulation of the IgE BCR had the hierarchy of I1gG1 (omalizumab) ~ IgGG4 > 1g(G2, which correlated
with the rank of FcyRIlb binding activity of these IgG formats; and

[0020] Figure 10 provides the results of experiments showing suppression of antigen stimulation of B
cells by 1g(G2 mutant mAbs (according to the present disclosure) binding to the B cell antigen receptor
complex. The anti-IgE mAbs with the variable domains of omalizumab provided as an Ig(G2 mutant
antibody according to the present disclosure suppress antigen (1e NIP(22)BSA) stimulation of the NP-
specitic hu-IgE BCR-triggered calcium flux in B cells co-expressing human FcyRIIbl. The etfect of the
mutations on regulation of the IgE BCR by the Ig(G2 mutant mAbs had the hierarchy of FLGG-SELF >
FLGG ~ FEGG-SELF > FEGG > Ig(G2, which broadly correlated with the rank of FcyRIIb binding

activity of these mutations in the Ig(G2 format.

DETAILED DESCRIPTION

|0021] The mventors have found that the tfunctionally inert IgG2 backbone may be used as a scattold to
incorporate mutation(s) ot the lower hinge sequence (eg to ettectively replace the lower hinge with the
lower hinge sequence of 1g(G4) and other mutations to improve binding speciticity and atfinity to the
human inhibitory receptor, FcyRIIb (including any or all of the mRNA splice variants well known to
those skilled 1n the art, that 1s FcyRIIb1, FcyRIIb2 and FcyRIIb3 (Getahun A and JC Cambier, 2015
supra; and Chenoweth AM et al., 2020 supra; Anania JC et al., Front Immunol 9:1809, 2018). The
resulting mutant IgG2 antibodies can, for example, potentially provide enhanced agonistic function ot
mADbs where FcyR "scattolding” 1s required for therapeutic eftect. They can also be usetul for the
development of non-agonistic therapeutic antibodies 1n circumstances where harnessing the normal
physiological mhibitory function of FcyRIIb, or antigen or immune complex clearance mediated by

FcyRIIb (eg by endocytosis/internalisation or "sweeping "), 1s desirable.

|0022] Thus, 1n a first aspect, the present disclosure provides a method of treating a disease or condition
in a subject, wherein binding to and/or activation of FcyRIIb 1s beneficial in the treatment or prevention
of said disease or condition, said method comprising administering to said subject an effective amount of
an immunotherapeutic protein comprising at least one heavy chain polypeptide derived from an 1g(G2

antibody, wherein said heavy chain polypeptide comprises at least constant heavy domains 2 and 3 (ie
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CH2 and CH3) and the lower hinge, and the sequence of the lower hinge comprises a mutation enabling

the immunotherapeutic protein to bind to and/or activate FcyRIIb.

|0023] The at least one heavy chain polypeptide of the immunotherapeutic protein may be any heavy
chain polypeptide that those skilled in the art will recognise as being derived from an Ig(G2 antibody, tor
example for the reason that the CH2 and CH3 domains of the heavy chain polypeptide comprise an amino
acid sequence that shows at least 95%, preferably at least 98%, 1dentity to the sequences of the CH2/CH?3

domains of wild type (WT) Ig(G2 antibodies or, more preterably, to the sequences ot the CH2/CH3
domains of W human Ig(G2 antibodies such as provided by Wines BD et al., J Immunol 197(4):1507-
1516, 2016 and GenBank Accession No: AH005273.2).

|0024] Those skilled 1n the art will readily understand that the heavy chain polypeptide derived trom an
Ig(G2 antibody may, for example, comprise a full length heavy chain polypeptide (1e comprising the
constant heavy region (CH) and the variable heavy (VH) region), or it may comprise a fragment thereot
which comprises at least CH2, CH3 and the lower hinge. One preferred example of such a fragment 1s the
Fc tragment which corresponds to one of the heavy chain components of the fragment generated by
papain digestion ot an antibody (cleaving the polypeptides within the upper hinge sequence to generate an
Fc fragment comprising two heavy chain cross-linked tragments, each comprising CH2, CH3 and the
lower and core hinge sequences). Siumilar heavy chain polypeptides may be prepared through digestion of
an antibody with plasmin and human neutrophil elastase (NHE), also known to those skilled 1n the art as
generating "Fc fragments”, and such heavy chain polypeptides may suitably comprise the
immunotherapeutic protein of the method of the first aspect. Further examples of suitable heavy chain
polypeptides may comprise, in addition to CH2, CH3 and the lower hinge, all or part ot the constant

heavy domain 1 (CH1) of an IgG2 antibody, and/or the core hinge and/or upper hinge sequences.

10025] In some embodiments, the immunotherapeutic protein may comprise a heavy chain polypeptide
provided 1n the form ot a tfusion protein or protein conjugate. Those skilled 1n the art will understand that
in a tusion protein, the heavy chain polypeptide will be covalently linked (1e "tused") to a polypeptide or
peptide partner (1e a fusion partner) via a peptide bond or short peptide linker sequence at the N- or C-
terminus of the fusion partner, whereas 1n a protein conjugate, it 1s to be understood that the heavy chain
polypeptide will be covalently or non-covalently linked to a conjugate partner (which may be a
polypeptide or peptide, or other chemical entity) through a chemical linkage such as a disulphide bond or
crosslinker compound such as a homobitunctional crosslinker such as disuccinimidyl suberate (DSS) (eg
bis(sulfosuccinimidyl)suberate (B S”):; ThermoFisher Scientific, Waltham, MA, United States of America)
or disuccinmimidyl tartrate (DST) to link amine groups or a heterobifunctional crosslinker such as m-
maleimidobenzoyl-N-hydroxysuccimimide ester (MDS) and N-(e-maleimidocaproloxy) succinimide ester

(EMCS), or by other non-covalent bonding such as hydrogen bonding. Where the conjugate partner 1s a
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polypeptide, the protein conjugate may otherwise be considered as a cross-linked protein. The conjugate
partner may be conjugated to the heavy chain polypeptide at the N- or C- terminus, but otherwise may be
conjugated at any other suitable site on the heavy chain polypeptide (eg within CH1 or the upper hinge
sequence 1f these are included in the heavy chain polypeptide). Those skilled 1n the art will recognise that
the tusion partner or conjugate partner may provide one or more useful activity or function. For example,
the fusion partner may improve protein recovery or expression (eg Human serum albumin (HSA), and
Glutathione S-transterase (GST)), provide various atfinity-tags such as a polyhistidine tag (His-tag) or a
FLAG-tag, or an additional ability to bind to an antigen of interest. Other examples of a fusion partner or
conjugate partner include receptors (eg a cytokine receptor such as a receptor for an interleukin (eg I1L-1

receptor) or a receptor for a cytokine of the TGF-3 superfamily), or cell surface molecules and immune

checkpoints (eg CTLA4 or PD1).

|0026] In some other embodiments, the immunotherapeutic protein may comprise at least one heavy
chain polypeptide that 1s provided 1n a dimeric or multimeric form. For example, the heavy chain
polypeptide may have a natural propensity to form covalently linked dimers through one or more cysteine
(C) residue, particularly where situated within the hinge sequence, especially the core hinge sequence
(Yoo EM et al., J Immunol 170:3134-3138, 2003). Techniques suitable tor producing multimeric forms
of the heavy chain polypeptide (eg with 3, 4, 35, 6 etc. copies of the heavy chain polypeptide) have been
described and are well known to those skilled in the art (eg F¢c multimeric forms (stradomers )
comprising linked multimerisation domain (MD) sequences from the hinge region of human IgG2 or the
1soleucine zipper (ILZ) to the N- or C- terminus of murine 1gG2a; Fitzpatrick EA et al., Front Immunol
11, article 496, 2020). Such dimeric or multimeric forms of the heavy chain polypeptide are preterably

soluble (1e 1n physiological saline).

[0027] In still some other embodiments, the immunotherapeutic protein comprises an 1gG2 antibody
comprising two full length heavy chain polypeptides with two light chain polypeptides, particularly a
mutant IgG2 antibody wherein at least one of the two heavy chain polypeptides comprises a mutation in

the lower hinge sequence enabling the IgG2 antibody to bind to and/or activate FcyRIIb.

10028]  Wild type (WT) human IgG2 antibodies show no, or virtually undetectable, binding to FcyRIIb
(see Figure 1A). In contrast, the method of the present disclosure may utilise a mutant human IgG?2
antibody (1e an Ig(G2 antibody comprising a mutation in a lower hinge sequence ot at least one heavy
chain polypeptide) which enables the Ig(G2 antibody to bind to and/or activate FcyRIIb. The mutation 1n
the 1gG2 lower hinge sequence may comprise the substitution of the sequence, or the substitution of one

or more amino acid(s) within the sequence, at positions 233-236 (EU numbering system; Edelman GM et
al., Proc Natl Acad Sci U S A 63:78-83, 1969, and Kabat EA, Sequences of Proteins of Immunological
Interest, 5" ed., DIANE Publishing, PA, USA, 1991; but for the avoidance of any doubt, the IgG2 lower
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hinge sequence as referred to herein comprises the amino acids at the positions equivalent to those of the
lower hinge sequence of IgG1), which 1s PVAG (SEQ ID NO: 14) mn human IgG2 antibodies. The
mutation in the IgG2 lower hinge sequence may turther comprise an amino acid insertion or addition; for
example, a mutated human IgG2 lower hinge (PVAG: SEQ ID NO: 14) sequence may be a five (5) amino

acid sequence 1n the mutant 1g(G2 antibody.

|0029] Preterably, in the immunotherapeutic protein, the lower hinge sequence comprises the amino

acid sequence:

X'X*XC-G-X° (SEQ ID NO: 4)

wherein

X' is selected from proline (P) and glutamic acid (E),

X~ is selected from valine (V), leucine (L) and phenylalanine (I),

X is selected from leucine (L), alanine (A) and glutamic acid (E), and

X is selected from glycine () and proline (P), or 1s absent (1e such that the sequence 1s X'X*X°-G:
SEQ ID NO: 31),

but with the proviso that the lower hinge does not consist of a wild type 1g(G2 lower hinge sequence

(eg PVAG (SEQ ID NO: 14) of human Ig(G2 antibodies).

[0030] In some particular preferred embodiments, the lower hinge sequence of the mutant IgG2
antibody comprises an amino acid sequence selected from: ELLGG (derived trom human IgGl; SEQ ID
NO: 1), EFLGG (derived from human IgG4; SEQ ID NO: 2), EFLGP (SEQ ID NO: 5) and EFEGG (SEQ
ID NO: 3).

|0031] As mentioned above, the immunotherapeutic protein ot the present disclosure (eg a mutant Ig(2
antibody) may bind to and/or activate FcyRIIb. Where the immunotherapeutic protein binds to and
activates FcyRIIb, the immunotherapeutic protein may act so as to elicit FcyRIIb inhibitory function. As
such, in some embodiments, the method of the present disclosure 1s particularly suited to the treatment or
prevention of diseases or conditions wherein the inhibitory etfects ot FcyRIIb are beneticial. Accordingly,
in some preferred embodiments, the method of the present disclosure 1s particularly directed to the
treatment or prevention of, for example, an allergic disease, wherein the binding and activation ot
FcyRIIb by the immunotherapeutic protein mediates FcyRIIb-dependant inhibition of allergic basophil

activation by IgE.

|0032] Wherein the method of the present disclosure 1s conducted for the treatment or prevention of an

allergic response, the immunotherapeutic protein 1s preferably one that comprises the mutant lower hinge

sequence EFLGG (SEQ ID NO: 2) or ELLGG (SEQ ID NO: 1), since 1n the example described
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hereinafter, 1t was found that the mutant Ig(G2 antibodies denoted as the "IgG2-FLGG (SEQ ID NO: 6)"
mADb and the "IgG2-LLGG (SEQ ID NO: 7)" mAb were the most potent inhibitors of IgE/FceR1 basophil
activation of the mutant Ig(G2 antibodies tested, despite a relatively low affinity for FcyRIIb (nb. they

only bound as an immune complex).

|0033] While in some preterred embodiments the immunotherapeutic protein includes no further
mutation(s) within the heavy chain polypeptides (or, at least, within the constant heavy region ot the
heavy chain polypeptides), in some other embodiments, it may be advantageous to turther include one or
more additional mutation(s) of at least one heavy chain polypeptide. For example, the immunotherapeutic
protein (eg a mutant IgG2 antibody) may further comprise an amino acid substitution(s) at position 267
and/or 328 (EU numbering) in the CH2 domain of at least one, and more preterably both, of the heavy
chain polypeptides, such as the so-called "SELF" mutations, S267E and L328F substitution(s)
respectively. In the example described hereinafter, it was found that a mutant IgG2 antibody with an
EFEGG (SEQ ID NO: 3) mutant lower hinge sequence and the SELF mutations (eg "IgG2-FEGG (SEQ
ID NO: 8)-SELF" mAb) bound to FcyRIIb 1n the most specific manner of the mutant IgG2 antibodies

tested and retained inhibitory potency.

|0034] However, while the SELF mutations enhanced the interaction of the mutant IgG2 antibodies with
FcyRIlb, in vivo the specificity of such mutant IgG2 antibodies 1n a subject may be determined by the
presence of the high/low responder polymorphism of FcyRlla, since it has been found that the antibodies
including the SELF mutations have high affinity interactions with FcyRIIb and the activating receptor-
type FcyRlla, but only the "Arg 131 form", not the "His 131 form". Accordingly, in some embodiments,
where the method imvolves the administration of a mutant Ig(G2 antibody including the SELF mutations,
the method may preferably be intended for use with a subject that is homozygous for FcyRIIa-H"™' (nb.
subjects that are homozygous for FcyRIla-H"' represent about 30% of the population; van der Pol WL
and J van de Winkel, Immunogenetics 48:222-232, 1998). In such embodiments, the method may turther
comprise a step ot selecting the subject by genotyping tor the high/low responder polymorphism ot

131

FcyRlIla. That is, in some embodiments, a subject determined to be homozygous for FcyRIla-H °" may be

selected tor treatment by administering a mutant IgG2 antibody comprising the SELEF mutations.

[0035] Where the immunotherapeutic protein comprises a mutant IgG2 antibody, the mutant IgG2

antibody will typically comprise a monoclonal antibody (mAb) and 1s preterably a human mAb or
humanised mAb. Such antibodies may be produced 1n accordance with any of the standard methodologies
known to those skilled in the art. For instance, those skilled 1n the art can readily prepare a mutant IgG?2
antibody suitable for use 1n the method of the present disclosure by generating a construct(s), using
standard molecular biology techniques, which comprises a polynucleotide sequence(s) encoding the

variable heavy (VH) and light (VL) region sequence of a suitable antibody (eg one imcluding an antigen
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binding region that binds to an antigen of mterest) and a constant heavy (CH) region from an I1g(G?2
antibody (eg as previously described mn Wines BD er al., 2016 supra), and incorporate into the CH
region-encoding polynucleotide sequence by standard molecular biology techniques such as site-directed
mutagenesis, polynucleotide sequence changes to encode the lower hinge sequence mutations described
above (and SELF mutations where desired). The construct(s) can be mntroduced 1nto a suitable host cell
(eg a human kidney (HEK) host cell), cultured according to standard culturing protocols and the
expressed mutant Ig(G2 antibody puritied from the culture supernatant using, for example, any of the

known suitable methodologies for purification (eg atfinity chromatography).

[0036] Treatment of diseases through activation of FcyRIIb

In some embodiments, the method ot the present disclosure may be used tor treating a disease or
condition 1n a subject, wherein activation of FcyRIlb (ie for recruitment of inhibitory action) is benetficial

in the treatment or prevention of said disease or condition.

|0037] In some examples of such embodiments, the immunotherapeutic protein may target an ITAM
signalling receptor complex by, tor example, including a binding domain such as an antigen binding
region (eg an Fab region) that recognises a component of a potential signalling complex such as, for
example, (a) an antigen (eg an allergen or autoantigen bound to an antibody such as an 1gG, IgE or IgA
which 1s bound to a receptor); (b) an antibody bound to an activating receptor; (¢) an antibody (ligand)
binding domain of an activating receptor; or (d) a subunit of an activating receptor (eg the Fc receptor
common vy chain), while i1n other examples, the immunotherapeutic protein may target a component of the
B cell antigen receptor (BCR) complex that includes, tor example, (a) an antigen bound to an
immunoglobulin component of a BCR complex (eg an allergen, autoantigen, an antigen of an infectious
agent such as an antigen of a bacterial or viral pathogen, or an antigen from a transplanted tissue or
organ), or (b) a subunit of a BCR complex (eg a membrane immunoglobulin of a BCR complex such as
an IgM, IgD, IgG, IgE or IgA) or an associated Ig-a or 3 chains (eg CD79a or CD79b; or CD19, CD21 or
CDg1).

|0038] In all of such examples, the immunotherapeutic protein will bring about the necessary co-Cross-
linking of an ITAM-containing activating receptor with the inhibitory receptor, FcyRl1Ib, to recruit the
inhibitory action of FcyRIIb and, as will be appreciated from the above discussion, this may be achieved
in a number of different ways wherein the target of the immunotherapeutic protein varies considerably
and thus enables their potential use for the treatment or prevention of a wide range ot ditferent diseases or

conditions.

|0039] More particularly, in some examples where the immunotherapeutic protein 1s imtended to be used
for the treatment or prevention of a disease or condition by binding to and activating FcyRl1lIb, the

immunotherapeutic protein may comprise a binding domain such as an antigen binding region targeted to
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an antigen of interest present in an immune complex (1e where the antigen 1s complexed with IgE, 1gG or
IgA) bound via the Fc portion of the immunoglobulin to FceRl1, or an activating type FcyR (eg FcyRlI,
FcyRlla, FcyRllc, and FcyRl1lla or FeyRIlIb; otherwise known as CD64, CD32a, CD32¢, CD16a and
CD16b respectively) or the activating type receptor, FcaRI (CD89). As such, the antigen of interest may
be selected trom, for example: allergens (eg bee venom) for the use of the immunotherapeutic protein for
treatment or prevention of allergic diseases; autoantigens for the use ot the immunotherapeutic protein for
treatment or prevention of autoimmune diseases (eg autoantigens assoclated with systemic lupus
erythematosus (SLE) or multiple sclerosis (MS)); antigens associated with other inflammatory diseases
such as immune complex vasculitis, antigens from a transplanted tissue or organ to enable use of the
immunotherapeutic protein for treatment or prevention of antibody-mediated transplant rejection; and
antigens of infectious agents such as an antigen of a bacterial or viral pathogen (eg an antigen of the

SARS-CoV-2 virus or dengue virus).

|0040]  Alternatively, in some examples where the immunotherapeutic protein 1s intended to be used
for the treatment or prevention of a disease or condition by binding to and activating FcyRlIlb, the
immunotherapeutic protein may comprise a binding domain such as an antigen binding region targeted to
an immunoglobulin present in an immune complex bound via the Fc portion of the immunoglobulin to
FceRlI, or an activating type FcyR (eg FcyRI, FcyRlIla, FcyRllc, and FcyRIlla or FcyRIIIb ) or the
activating type receptor, FcaRl. That 1s, where an antigen 1s complexed with IgE, I1gG or IgA, the
immunotherapeutic protein may be targeted to the heavy chain or light chain of IgE, IgG or IgA to bring
about the co-cross-linking of FcyRIIb and an activating Fc receptor. As such, an immunotherapeutic
protein targeted 1n this way can also be used for the treatment or prevention of allergic diseases (eg where
an allergen 1s complexed with the targeted immunoglobulin), autoimmune diseases such as SLE and MS
(eg where the autoantigen 1s complexed with the immunoglobulin targeted by the immunotherapeutic
protein), other inflammatory diseases such as immune complex vasculitis (eg where the relevant antigen
1s complexed with the targeted immunoglobulin), antibody-mediated transplant rejection (eg where the
antigen from a transplanted tissue or organ i1s complexed with the targeted immunoglobulin), and
infectious diseases (eg where the antigen of an infectious agent 1s complexed with the targeted
immunoglobulin), but also proliferative diseases (eg where a cancer antigen 1s complexed with the

immunoglobulin targeted by the therapeutic protein).

|0041] Further, in some examples where the immunotherapeutic protein is mtended to be used tor the
treatment or prevention of a disease or condition by binding to and activating FcyRIIb, the
immunotherapeutic protein may comprise a binding domain such as an antigen binding region targeted to
an activating Fc receptor or one or more subunits thereof such as an immunoglobulin Fc¢ binding subunit
or associated subunits required for expression and/or signalling (eg the binding domain can be targeted to

any of the subunits of FceRI, which i1s composed of the ligand binding chain FceRlo subunit, as well as
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associated FceRIP and y subunits) regardless of whether or not an immune complex 1s bound to the
activating Fc receptor (or one or more subunits). As such, an immunotherapeutic protein targeted in this
way can also be used tor the treatment or prevention of allergic diseases (eg where an immune complex
comprising the allergen 1s bound to the activating FcR), autoimmune diseases such as SLE and MS (eg
where an immune complex comprising the autoantigen 1s bound to the activating FcR), other
intflammatory diseases such as immune complex vasculitis (eg where an immune complex comprising the
relevant antigen 1s bound to the activating FcR), antibody-mediated transplant rejection (eg where an
immune complex comprising the antigen from a transplanted tissue or organ 1s bound to the activating
FcR), and infectious diseases (eg where an immune complex comprising the antigen of an infectious

agent 1s bound to the activating FcR).

10042] Still turther, in some examples where the immunotherapeutic protein 1s intended to be used for
the treatment or prevention of a discase or condition by binding to and activating FcyRl1lb, the
immunotherapeutic protein may comprise a binding domain such as an antigen binding region targeted to
an antigen of interest that 1s bound to the B cell receptor complex (BCR) (1e where the antigen 1s bound to
membrane IgE, IgG or IgA on the surtace of the B cell). As such, an immunotherapeutic protein targeted
in this way can be used tor the treatment or prevention of allergic diseases (eg where the
immunotherapeutic protein binds to the antigen that 1s bound to the membrane immunoglobulin of a
BCR) such that co-cross-linking ot FcyRIIb to the BCR comprising the bound antigen results in the
activation ot FcyRIlb, thereby recruiting FcyRIIb inhibitory action to shut down antibody production
(and/or B cell proliteration). Analogously, such an immunotherapeutic protein can be used for the
treatment or prevention of autoimmune diseases such as SLE and MS, other inflammatory diseases such

as immune complex vasculitis, antibody-mediated transplant rejection and infectious diseases.

|0043] Yet still further, in some examples where the immunotherapeutic protein is imtended to be used
for the treatment or prevention of a disease or condition by binding to and activating FcyRlIlIb, the
immunotherapeutic protein may comprise a binding domain such as an antigen binding region targeted to
an activating receptor that i1s other than an Fc receptor such as a B cell antigen receptor (BCR) complex.
For example, the immunotherapeutic protein may be targeted to a membrane immunoglobulin of a BCR
complex (eg membrane IgE, IgG or IgA on the surtace of the B cell) by targeting, for example, the
variable domain of the membrane immunoglobulin (eg the immunotherapeutic protein may be an anti-
idiotypic IgG2 antibody). The membrane immunoglobulin of the targeted BCR may or may not comprise
a bound antigen. As such, an immunotherapeutic protein targeted in this way can be used for the
treatment or prevention of allergic diseases (eg where the immunotherapeutic protein binds to the
membrane immunoglobulin of a BCR complex with or without bound allergen) such that co-cross-linking
of FcyRIIb to the BCR results 1n the activation of FcyRlIlIb, thereby recruiting FcyRIIb imhibitory action to

shut down antibody production (and/or B cell proliferation). Analogously, such an immunotherapeutic
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protein can be used for the treatment or prevention of autoimmune diseases such as SLE and MS, other
inflammatory diseases such as immune complex vasculitis, antibody-mediated transplant rejection and
infectious diseases. In addition, an immunotherapeutic protein targeted to a non-EFc type activating
receptor such as a BCR, can also be used for the treatment or prevention of proliferative diseases,
especially lymphoproliterative disorders (LPDs) such as leukaemias (eg acute lymphoblastic leukaemia
(ALL) and chronic lymphocytic leukaecmia (CLL)), lymphomas (eg B cell lymphomas and T cell
lymphomas) and X-linked proliferative disease, wherein the ability of the immunotherapeutic protein to
bring about co-cross-linking ot FcyRIIb to the BCR can then cause activation of the FcyRIIb and thereby

recruitment of FcyRIIb inhibitory action to shut down proliteration of cancerous cells.

|0044] Yet still turther, in some examples where the immunotherapeutic protein 1s intended to be used
for the treatment or prevention of a disease or condition by binding to and activating FcyRIIb, the
immunotherapeutic protein may comprise a binding domain such as an antigen binding region targeted to
a B cell antigen receptor (BCR) complex or one or more subunits thereot such as the membrane
immunoglobulin or associated subunits required for expression and/or signalling (eg the binding domain
can be targeted to any ot the subunits of the BCR complex, which 1s composed of the antigen binding
membrane immunoglobulin (eg IgM, IgD, IgG, IgE or IgA) as well as associated Ig-a or 3 chains (eg
CD79a or CD79b) or other associated proteins (eg CD19, CD21 or CD81). The membrane
immunoglobulin of the targeted BCR may or may not comprise a bound antigen. As such, an
immunotherapeutic protein targeted 1n this way can also be used for the treatment or prevention of
allergic diseases (eg where an allergen may or may not be bound to the BCR complex), autoimmune
diseases such as SLE and MS (eg where an the autoantigen 1s bound to the BCR complex), other
inflammatory diseases such as immune complex vasculitis (eg where the relevant antigen 1s bound to the
BCR complex), antibody-mediated transplant rejection (eg where the relevant antigen from a transplanted
tissue or organ 1s bound to the BCR complex), and infectious diseases (eg where the relevant antigen ot

an infectious agent 1s bound to the BCR complex).

[0045] Allergic diseases

Mast cells and basophils, two key eftector cells in the pathogenesis of allergic disorders, both express the
high-attinity IgE receptor, FceRI. However, they ditfer in their expression profile of the 1gG receptors,
FcyRs; basophils expressing the inhibitory receptor FcyRIIb, which 1s able to inhibit FceR1 signalling and
decrease basophil activation. Since an immunotherapeutic protein of the present disclosure such as a
mutant [g(G2 antibody may be targeted to bind to an allergen (within an immune complex bound to an
activating FcR on the surtace ot a basophil) and also bind to FcyRIIb to bring about co-cross-linking to
the activating FcR to thereby activate the FcyRIIb (1e to recruit FcyRIIb inhibitory function; more
specifically, binding of the mutant IgG2 antibody to FcyRIIb mediates FeyRIIb-dependant inhibition of

allergic basophil activation by IgE), the method of the present disclosure enables the treatment or
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prevention of allergic diseases and conditions such as severe hay fever, atopic dermatitis, food allergies
such as peanut allergy, and allergies to toxins (eg bee venom). Subsets of human mast cells to express
FcyRIIb may also acts to regulate allergic diseases and conditions (eg tood allergy, Burton OT et al., J
Allergy Clin Immunol 141(1):189-201.e3, 2018) via 1ts expression on subsets of human mast cell cells
(Burton OT et al., Front Immunol 9:1244. do1: 10.3389/fimmu 2018). Thus, an immunotherapeutic
protein of the present disclosure such as a mutant Ig(G2 antibody may recruit FcyRIIb inhibitory function
on mast cells. Desirably, the mutant Ig(G2 antibody may also show no or poor binding ability to FcyRI

(which can induce potent mast cell activation) to avoid unwanted mast cell activation.

10046] Autoimmune diseases and conditions

By promoting activation of the FcyRIIb receptors that are present in affected subjects by, for example, co-
cross-linking FcyRIIb to an activating type FcR through a bound immune complex comprising an
autoantigen, the method of the present disclosure enables the beneficial treatment and/or prevention of
autormmune diseases and conditions such as those mentioned above. However, decreased expression
and/or signalling activity of FcyRIIb 1n a subject (eg resulting trom polymorphisms in the promoter and
transmembrane domains of FcyRI1Ib that intfluence receptor expression and signalling) has been associated
with increased susceptibility to autoimmune diseases and conditions, including systemic lupus

erythematosus (SLE), Goodpasture syndrome, immune thrombocytopenia (ITP) and rheumatoid arthritis

(RA) (Floto RA et al., Nat Med 11:1056-10358, 2005; L1 X et al., Arthritis Rheum 48:3242-3252, 2003;
and Radstake TR et al., Arthritis Rheum 54:3828-3837, 2006). Accordingly, in some embodiments where
the method of the present disclosure 1s intended for use with a subject that 1s sutfering from, or 1s
predisposed to, an autoimmune disease or condition, the method may further comprise a step of selecting
the subject by genotyping for relevant polymorphisms in the promoter and transmembrane domains ot
FcyRIIb (eg polymorphisms in the promotor region of FCGR2B (Su K ef al., J Immunol 172:7186-7191,
2004; and Blank MC et al., Hum Gener 117:220-227, 2005), and an 12321 polymorphism in the
transmembrane domain of FcyRIIb (Kyogoku C et al., Arthritis Rheum 46:1242-1254, 2002)).

[00477] Infectious diseases

An immunotherapeutic protein such as a mutant Ig(G2 antibody according to the present disclosure can be
used to target the modulation of ITAM receptor-based signalling (ie by targeting I'TAM receptors on cells
co-expressing FcyRIIb (an ITIM receptor)) of, for example, the BCR on B lymphocytes. That 1s, in B
cells, FcyRIIb imhibition of the BCR 1s a critical immune checkpoint for regulating antibody production
(Lehmann B e al., Expert Rev Clin Immunol 8:243-254, 2012); possibly through the elimination by
apoptosis of selt-reactive B cells during somatic hyper-mutation (Pearse RN et al., Immunity 10:7353-760,
1999) thereby constraining the selective antigen speciticity of the humoral immune system and directing
B cell production towards an appropriate antibody repertoire. This can, of course, be beneficial 1n

‘fighting” an infection by, for example, a bacterial pathogen (eg Neisseria meningitides, Streptococcus
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pneumoniae, Haemophilus influenzae and methicillin-resistant Staphylococcus aureus ("Golden Staph™))

or a virus (eg hepatitis C (HCV), and human immunodeficiency virus-1 (HIV-1)).

[0048] Proliferative diseases

The BCR of B lymphocytes has been shown to be mvolved 1n the pathogenesis of various B cell-derived
tymphoid cancers, and increasing amounts of evidence unplicates anfigen-independent self-association of
BOKs as a Key feature 1n a growing number of B cell neoplasia types such as chronic tymphocytic
teukaema (CLL), Heavy-chain diseases (HCDs) and activated B cell-like subtype ditfuse large B cell
fymphoma (ABC DLBCL) (Diihren-von Minden M ef al., Nature 463(74153:309-312, 2012; Corcos D) et
al., Current Biology 3(10):1140-1148, 1995; and Davis RE er af., Nature 463(72771:88-492, 2010).
Accordingly, the method of the present disclosure may also be applied to the prevention and/or treatment
of proliferative diseases and, particularly, B cell-derived lymphotd cancers, wherein the mutant g’
anttbody can be used to activate FcyRI1Ib on B cells by, for example, co-cross-linking FcyRIIb to a BCR
through a relevant antigen complexed to the BCR or a subunit of the BCR (1e targeted by the mutant 1g(G2

antibody), so as to bring about inhibition of BCR signalling.

[0049] Treatment of diseases through FcyRIIb-mediated endocytosis/internalisation ("sweeping")

In some other embodiments, the method of the present disclosure may be used for treating a disease or
condition 1n a subject, wherein the clearance of immune complexes (e.g."small” soluble complexes
comprising, for example, opsonised virus, proteins (eg cytokines) and toxins; Iwayanagi Y et al., J
Immunol 1935: 3198-3205, 20135; and Mates JM et al., Front Immunol 8:35, 2017) from circulation by
FcyRIIb present on the surface of leukocytes and some other non-haematopoietic cell types (eg liver
sinusoidal endothelial cells (LSEC)) 1s beneticial in the treatment or prevention of said disease or
condition. Mechanistically different from phagocytosis, which 1s performed by activating Fc¢ receptor
types and phagocytes (eg FcyRIII) and removes large immune complexes comprising, for example, large
things such as bacteria, parasites and cancerous cells, there 1s some considerable interest in developing
new therapeutics around this phenomenon (see, for example, Iwayanagt Y et al., 2015 supra; and
Chenoweth AM et al., 2020 supra). Thus, 1n some examples of such embodiments, an immunotherapeutic
protein such as a mutant IgG2 antibody may be targeted to, tor example, an antigen (eg a viral antigen) or
other protein or chemical entity such as an immunoglobulin, hormone, metabolite, cytokine or toxin to
enable formation of a small soluble immune complex. Binding of the immunotherapeutic protein to an
FcyRIIb receptor of LSEC may then mediate the sweeping clearance of the immune complex from the
circulation. Therefore, such an immunotherapeutic protein can be used tor the treatment or prevention of,
tor example, infectious diseases (eg. a viral infection such as an infection with the SARS-CoV-2 virus or
an infection characterised by the production ot toxins such as an endotoxin) and endocrine disorders such
as Cushing's syndrome (Buliman et al., J Med Life 9:12-18, 2016) and inflammatory diseases

characterised by, for example, overexpression of a cytokine such as TNF receptor—associated periodic
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syndrome (TRAPS) characterised by overexpression of IL-1[3 from circulating monocytes during disease
tlares (Bachetti T et al., Ann Rheum Dis 72:1044-1052, 2013), psoriasis characterised by, for example, the
production of IL-17 or 1L-23, and rheumatoid arthritis characterised by the production of cytokines such
as TNF or IL-1p, autoiommune disease characterised by the production of autoantibodies, and allergic

disease characterised by the production ot IgE.

[0050] Treatment of diseases through FcyRIIb-mediated scatfolding

In some other embodiments, the method of the present disclosure may be used for treating a disease or
condition 1n a subject, wherein enhanced agonistic function of an immunotherapeutic protein may be
achieved through FcyRIIb "scatfolding”, wherein no signal 1s generated 1n the eftector cell but "super
cross-linking" ot an opsonizing antibody (eg such as a mutant IgG2 antibody of the present disclosure) by
the FcyRIIb on one cell generates a signal 1in a conjugated target cell that may lead to beneticial
therapeutic effects such as, tor example, induction of apoptosis or activation in agonistic expansion ot
cells and/or their secretion of cytokines (Chenoweth AM et al., 2020 supra). Thus, in some examples of
such embodiments, an immunotherapeutic protein such as a mutant IgG2 antibody may be targeted to, for
example, a cancer antigen present on the surface of a cancerous cell (eg CD20), or a cell surtace antigen
(eg CTLA4) present on an immune cell (eg a T cell). Therefore, such an immunotherapeutic protein can

be used tfor the treatment or prevention of, for example, proliferative diseases and autoimmune diseases.

|0051] It will be apparent from the above, that an immunotherapeutic protein of the present disclosure,
preferably a mutant Ig(G2 antibody, will typically comprise an antigen binding region which specitically
binds to a target such as an antigen of interest or an immunoglobulin such as an antibody bound to an
activating Fc receptor, an immunoglobulin of a BCR complex, or a subunit of an activating Fc¢ receptor
complex or BCR complex, etc. Thus, tor example, where the method of the present disclosure 1s intended
tor use with a subject that 1s sutfering from an allergic disease, the antigen binding region of a mutant
Ig(G2 antibody according to the present disclosure may specifically bind to an antigen which 1s an allergen
(eg the bee venom allergen, Apt m 1, and the peanut allergens, Arah 1, Arah 2, Arah 3 and Arah 6).
Similarly, in the context of a method ot the present disclosure intended tor use with a subject that 1s
sutfering trom, or 1s predisposed to, an autoimmune disease or condition, the antigen binding region ot
the mutant IgG2 antibody may specifically bind to an antigen which 1s an autoantigen (eg one of the
common anti-Sm/RNP, anti-Ro/La and anti-dsDNA autoantigens of SLE). Further, where the method 1s
intended for use 1n treating an infectious disease, the antigen binding region of the mutant IgG2 antibody
may specitically bind to a pathogenic antigen (eg bound 1n a BCR complex) or otherwise, the membrane
immunoglobulin of a BCR complex including the pathogenic antigen. Similarly, the antigen binding
region of a mutant IgG2 antibody intended for use in treating a proliferative disease may specifically bind
to a cancer antigen bound in a BCR complex or, alternatively, in a method ivolving FcyRIIb-mediated

scatfolding, the antigen binding region of the mutant IgG2 antibody may specifically bind to a cancer
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antigen present on the surtace of a cancerous cell (eg a cell surtace antigen ditferentially expressed and/or
present in cancer cells such as the CD20 and CD52 antigens tound on the surtace ot CLL cells, and
mucins (eg MUC-1) which are overexpressed i some breast and pancreatic cancers, to bring about

apoptosis of the cancerous cell.

|0052] In some embodiments, a mutant 1g(G2 antibody suitable for use 1n the method of the present
disclosure may be provided as an immunoconjugate wherein the antibody 1s conjugated to another
molecule such as a molecule providing, for example, an additional ability to bind to an antigen of interest
(eg a bispecitic 1gG2 antibody comprising an antigen binding region with a first binding speciticity and
which 1s linked to another molecule having a second binding specificity) or other functionality (eg a
detectable molecule such as a dye or a molecule of therapeutic signiticance such as a complementary drug

molecule).

[0053] In some other embodiments, a mutant IgG2 antibody suitable for use in the method of the
present disclosure may be provided 1n a dimeric or multimeric form (eg with 3, 4, 5, 6 (hexameric) etc.
copies of the mutant IgG2 antibody). Standard methodologies tfor producing dimeric and multimeric
forms of antibodies (eg stradomers™ or through self-association of Fc regions of adjacent antibody

molecules) are well known to those skilled 1n the art (see, tor example, Diebolder CA et al., Science

343(6176):1260-1263, 2014).

|0054] The method of the present disclosure will be typically applied to the treatment of a disease or
condition 1 a human subject. However, the subject may also be selected from, for example, livestock
animals (eg cows, horses, pigs, sheep and goats), companion animals (eg dogs and cats) and exotic

animals (eg non-human primates, tigers, elephants etc).

|0055] In a second aspect, the present disclosure provides the use of an immunotherapeutic protein as
defined 1n the first aspect, for treating a disease or condition wherein binding to and/or activation ot
FcyRIIb is beneficial, including, for example, allergic diseases, autoimmune diseases and conditions,

infectious diseases and proliferative diseases.

|0056] In a third aspect, the present disclosure provides the use of an immunotherapeutic protein as
defined in the tirst aspect, in the manutacture ot a medicament for treating a disease or condition wherein
activation of FcyRlIIb 1s beneficial, including, for example, allergic diseases, autoommune diseases and

conditions, other inflammatory diseases, infectious diseases and proliferative diseases.

|0057] In a tfourth aspect, the present disclosure provides a pharmaceutical composition or medicament
comprising an immunotherapeutic protein as defined in the first aspect, and a pharmaceutically acceptable

carrier, diluent and/or excipient.
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|0058] In this specification, a number of terms are used which are well known to those skilled in the art.

Nevertheless, for the purposes of clarity, a number of these terms are hereinafter defined.

|0059] As used herein, the term "IgG2 antibody " refers to any antibody comprising heavy chain
polypeptides comprising an IgG2 constant heavy (CH) region (ie where the CHI1, CH2 and CH3 domains
are 1gG2 CH1, CH2 and CH3 domains, each of which, independently, comprise an amino acid sequence
that 1s either identical to the wild type sequence or shows at least 95%, preterably at least 98%, 1dentity to
a wild type sequence; as, for example, the wild type human sequences previously described 1n detail 1n
Wines BD et al., 2016 supra) such that the antibody comprises an "Ig(G2 backbone" including an IgG2 Fc
domain, and mmcludes antibodies that comprise chimeric heavy chain polypeptides wherein, for example,
the variable heavy chain (VH) region 1s derived from an antibody of another immunoglobulin class or
subclass (eg IgA, IgE, IgG1 etc), which may or may not be derived tfrom the same species as the IgG2 CH
region (eg the Ig(G2 antibody may comprise heavy chain polypeptides comprising a human IgG2 CH
region and a murine IgE VH region). Further, it 1s to be understood that an "IgG2 antibody"” may
comprise light chain polypeptides comprising a constant light (CL) region and/or variable light (VL)
region derived trom Ig(G2 or any other immunoglobulin class or subclass or wherein the light chain
polypeptides are chimeric wherein one of said regions 1s derived from an antibody from one
immunoglobulin class or subclass and the other of said regions 1s derived from an antibody from another
immunoglobulin class or subclass (eg the 1g(G2 antibody may comprise light chain polypeptides

comprising a human Igk CL region and an IgE-derived VL region).

|0060] The term "target” and derivatives thereotf such as "targeted” and "targeting” will be well
understood by those skilled 1n the art by the context in which the terms are used. For instance, a "target”
will be understood as reterring to something at which an action or process 1s directed; for example, a
‘target antigen’ as used herein 1n the context of a characteristic/activity of an antibody will be understood
as referring to an antigen to which that antibody binds, and similarly, by "targeting” something, 1t will be
understood that an antibody (or other immunotherapeutic molecule) 1s prepared so as to bind to that

something (eg an antigen, immune checkpoint, receptor etc).

|0061] As used herein, the term "% 1dentity” between two amino acid sequences refers to sequence
identity percentages understood as having been calculated using a mathematical algorithm such as that
described by Karlin S and SF Altschul, Proc Natl Acad Sci U S A 87:2264-2268, 1990, and as modified as
in Karlin S and SF Altschul, Proc Natl Acad Sci U § A 90:3873-3877, 1993. Such an algorithm 1s
incorporated mmto the NBLAST and XBLAST programs of Altschul SF et al., J Mol Biol 215:403-410,
1990. BLAST protein searches can be pertormed with the XBLAST program using the default parameters

(see ncbi.nlm.nih.gov/BLAST/). To determine the sequence 1dentity percentage between two amino acid

sequences, the mathematical algorithm may align the sequences for optimal comparison purposes, and
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calculate the percent 1dentity between the sequences as a function of the number of identical positions
shared by the sequences (1e percent 1dentity = number of 1dentical positions/total number of positions (eg

overlapping positions) x 100).

|0062] As used herein, the term "treating” includes prophylaxis as well as the alleviation of established
symptoms of a disease or condition. As such, the act of "treating” a disease or condition theretore
includes: (1) preventing or delaying the appearance of clinical symptoms of the disease or condition
developing in a subject sutffering from, or predisposed to, the disease or condition; (2) inhibiting the
disease or condition (ie arresting, reducing or delaying the development ot the disease or condition or a
relapse thereof, 1n case of a maintenance treatment, or at least one clinical or subclinical symptom
thereot); and (3) relieving or attenuating the disease or condition (1e causing regression of the disease or

condition or at least one of clinical or subclinical symptom thereot).

|0063] As used herein, the phrase "manutacture of a medicament” includes the use ot one or more
immunotherapeutic protein as defined 1n the first aspect directly as the medicament or 1n any stage of the
manufacture of a medicament comprising one or more immunotherapeutic protein as defined in the first

aspect.

|0064] The term "effective amount” 1s an amount sufficient to effect beneficial or desired clinical
results. An effective amount can be administered in one or more administrations. Typically, an eftective
amount 1s sutficient for treating a disease or condition or otherwise to palliate, ameliorate, stabilise,
reverse, slow or delay the progression of a disease or condition. By way of example only, an etfective
amount of an immunotherapeutic protein such as a mutant IgG2 antibody may comprise between about
0.1 and about 250 mg/kg body weight per day, more preferably between about 0.1 and about 100 mg/kg
body weight per day and, still more preferably between about 0.1 and about 25 mg/kg body weight per
day. However, notwithstanding the above, it will be understood by those skilled 1n the art that an eftective
amount may vary and depend upon a variety of factors including the age, body weight, sex and/or health
of the subject being treated, the activity of the particular protein, the metabolic stability and length ot
action of the particular protein, the route and time of administration ot the particular protein, the rate ot

excretion of the particular protein and the severity of, for example, the disease or condition being treated.

|0065] The immunotherapeutic protein may be administered in combination with one or more additional
agent(s) tor the treatment of the particular disease or condition being treated. For example, the
immunotherapeutic protein may be used 1 combination with other agents tor treating allergic diseases
(eg an antihistamine drug (including those administered mtravenously (iv), cortisone and/or a beta-agonist
drug such as albuterol)), or in the context of treating proliferative diseases, the immunotherapeutic protein
may be used in combination with other agents for treating cancer (including, for example, antineoplastic

drugs such as cis-platin, gemcitabine, cytosine arabinoside, doxorubicin, epirubicin, taxoids including
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taxol, topoisomerase inhibitors such as etoposide, cytostatic agents such as tamoxifen, aromatase

inhibitors (eg as anastrozole) and inhibitors of growth factor function (eg antibodies such as the

anti-erbB2 antibody trastuzumab (Herceptin™)).

|0066] Where used in combination with other agents, the immunotherapeutic protein can be
administered 1n the same pharmaceutical composition or 1n separate pharmaceutical compositions. It
administered 1n separate pharmaceutical compositions, the immunotherapeutic protein and the other
agent(s) may be administered simultaneously or sequentially in any order (eg within seconds or minutes

or even hours (eg 2 to 4 hours)).

|0067] The immunotherapeutic protein may be tormulated into a pharmaceutical composition with a
pharmaceutically acceptable carrier, diluent and/or excipient. Examples of suitable carriers and diluents
are well known to those skilled 1n the art, and are described 1n, for example, Remington's Pharmaceutical
Sciences, Mack Publishing Co., Easton, PA 1995. Examples of suitable excipients for the various
ditferent forms of pharmaceutical compositions described herein may be found 1n the Handbook of
Pharmaceutical Excipients, 2™ Edition, (1994), Edited by A Wade and PJ Weller. Examples of suitable
carriers 1mclude lactose, starch, glucose, methyl cellulose, magnesium stearate, mannitol, sorbitol and the
like. Examples of suitable diluents include ethanol, glycerol and water. The choice of carrier, diluent
and/or excipient may be made with regard to the intended route of administration and standard

pharmaceutical practice.

|0068] A pharmaceutical composition comprising an immunotherapeutic protein as defined in the first
aspect may fturther comprise any suitable binders, lubricants, suspending agents, coating agents and
solubilising agents. Examples of suitable binders include starch, gelatin, natural sugars such as glucose,
anhydrous lactose, free-tlow lactose, beta-lactose, corn sweeteners, natural and synthetic gums, such as
acacia, tragacanth or sodium alginate, carboxymethyl cellulose and polyethylene glycol. Examples ot
suitable lubricants iclude sodium oleate, sodium stearate, magnesium stearate, sodium benzoate, sodium
acetate, sodium chloride and the like. Preservatives, stabilising agents, and even dyes may be provided in

the pharmaceutical composition. Examples of preservatives include sodium benzoate, sorbic acid and

esters of p-hydroxybenzoic acid. Anti-oxidants and suspending agents may be also used.

|0069] A pharmaceutical composition comprising an immunotherapeutic protein as detfined in the first
aspect will typically be adapted tor mtravenous or subcutaneous administration. As such, a
pharmaceutical composition may comprise solutions or emulsions which may be injected into the subject,
and which are prepared tfrom sterile or sterilisable solutions. A pharmaceutical composition may be
tormulated 1n unit dosage tform (ie in the form of discrete portions containing a unit dose, or a multiple or

sub-unit of a unit dose).
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|0070] The method, uses and pharmaceutical composition of the present disclosure are hereinafter

turther described with reterence to the tollowing, non-limiting example.

EXAMPLES

Example 1

Methods and materials

[0071] Antibodies and reagents

F(ab'), fragments of rabbit anti-human IgE (Dako Agilent, Santa Clara, CA< United States of America)
were produced by pepsin digest as described in Current Protocols in Immunology, Andrew SM and JA
Titus, Chapter 2:Unit 2.8, 2001. Brietly, the rabbit antibody was dialysed against digest bufter (0.2M
NaOAc, pH 4.0) then an equal volume of pepsin (0.1mg/ml) (Sigma-Aldrich, St Louis, MO, United
States of America) in digest buffer added and incubated overnight at 37 C. Digestion was stopped by the
addition ot 2M Tris base pH 8.0 10% (v/v) and then the digest dialysed against phosphate butfered saline
(PBS, pH 8.0). The hapten 2,4,6-trinitrophenyl (TNP) was conjugated to F(ab')2 fragments ot rabbit anti-
human IgE (anti-IgE-TNP), bee venom allergen (Api m 1-TNP) or to bovine serum albumin (BSA-TNP),
by incubation with 10% 2.,4,6-trinitrobenzene sulfonic acid in water (Sigma-Aldrich), diluted 1/20 1n

0.1M borate, pH 7.0, at room temperature for 90 minutes and then dialysed against PBS, pH 7.0.

[0072] Human donors

Healthy donors and allergic patients were recruited and blood samples collected. Patients that had

presented with honey bee venom allergy were tested tor IgE reactivity to the relevant allergen by

ImmunoCAP (Phadia, Uppsala, Sweden).

|0073] Expression of cell surface FcyR

Human FcyR were expressed 1n 1n the mouse B cell line 11A 1.6, which lacks endogenous mouse Fc
receptors. The cells expressing human FeyRIIa-H'', FeyRIIa-R "' and FcyRIIb, have been described
previously (eg Powell MS et al., J Immunol 176(12):7489-7494, 2006; Ramsland PA et al., J Immunol
187(6):3208-3217, 2011; and Trist HM et al., J Immunol 192(2):792-803, 2014). Cell lines expressing
human FcyRlIIla (GenBank:accession NP_001121065) allelic forms V'"* and F"® and human FcyRI
(Allen JM and B Seed, Science 243(4889):378-381, 1989) were generated as described for FcyRl1la
(Powell et al., 2006 supra). Brietly, receptor cDNAs were separately cloned into the Gateway entry
plasmid pENTRI1A (Invitrogen Corporation, Waltham, MA, United States of America) using standard
molecular biology techniques, tollowed by Gateway LR cloning into a Gateway-adapted pMXI
expression vector containing a neomycin resistance cassette (Wines B et al., J Biol Chem 279(25):26339-

26345, 2004). Retroviruses were generated using the Phoenix packaging cell line (Powell et al., 2006
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supra) and used to transduce the ITA1.6 cell line for the expression of FcyRlIlla or FcyRI. 11A 1.6 cells
alrcady expressing the human FcRy chain (Wines et al., 2004 supra) were then transduced with either the
FcyRI or FcyRIII retrovirus 1in order to produce the cells lines co-expressing FcRy / FcyRI or FcRy /
FcyRIIL. Expression of the receptors on the transduced cell populations was evaluated using biotinylated
Fab or F(ab'), fragments of receptor specific antibodies, and streptavidin-APC (1/500). The anti-Fc
receptor antibodies used were: FcyRIla (IV-3 Fab-Biotin fragments), FcyRIIb (H2B6 F(ab'),-Biotin),
FcyRI (32.2 F(ab'),-biotin), FcyRIlla (3G8 F(ab'),-biotin) and FcRy-EGFP (green fluorescence protein),

and were detected 1n the FITC channel.

|0074] Production of anti-TNP human IgG and mutant anti-TNP human Ig( plasmid constructs

Chimeric anti-TNP human IgG antibody constructs consisting of the variable heavy (VH) and light (VL)
region sequence of the mouse anti-trinitrophenyl (anti-TNP) antibody TIB142 and the sequence trom the
constant heavy (CH) region trom human Ig(G subclasses have been described previously in detail - IgGl
(Patel D et al., J Immunol 184(11):6283-6292, 2010), hlgG2 and hlgG4 (Wines BD et al., 2016 supra).
This includes the stabilisation ot the core hinge ot 1gG4-based mutants by conversion ot the CPSC
sequence of normal I1gG4 to CPPC which prevents halt molecule exchange. All chimeric antibody
sequences were subcloned into the pCR3vector. Mutations were made into the 1g(G constant heavy chain

(CH) cDNA sequence using standard molecular biology techniques and are listed in Table 1.

[0075] Table 1 Summary of IgG mutants

Backbone Nomenclature Mutation site* Notes
226 - 229 232-237 267 328
IgG1 lgG1-WT CPPC PELLGG S L
IgG1-SELF CPPC PELLGG E K
1g(G2 1gG2-WT CPPC PPVAG S L
1eG2-LLGG CPPC PELLGG S L 1g(G1 like lower hinge
1gG2-FEGG CPPC PEFEGG S L
1gG2-FEGG-SELF CPPC PEFEGG E K
1eG2-FLGG CPPC PEFLGG S L 1gG4 like lower hinge
1gG2-FLGG-SELF CPPC PEFLGG K F 1g(G4 like lower hinge
IgG4 lgG4-WT CPSC PEFLGG S L
1eG4-LLGG CPPC PELLGG S L 1g(G1 like lower hinge
IgG4-SELF CPSC PEFLGG E K
lgG4-FEGG CPPC PEFEGG S L
1gG4-FEGG-SELF CPPC PEFEGG K K

*Sequence numbering i1s based on human IgGGl Eu number. Mutations are in bold and underlined. Lower hinge sequences (232-

237) are 1talicised. Sequence listing numbers are as follows: CPPC (SEQ ID NO: SEQ ID NO: 9), PELLGG (SEQ ID NO: 10),
PPVAG (SEQ ID NO: 11), PEFEGG (SEQ ID NO: 12), and PEFLGG (SEQ ID NO: 13).
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[0076]
[¢G2-FEGG-SELF and IgG2-FLGG-SELF are provided in Table 2, shown as ligated to the cDNA

cDNA sequences encoding the constant region of the IgG heavy chain polypeptides (CH) for

sequence for the variable heavy (VH) region. The cDNA sequence tor the variable light (VL) region ot

the mouse (anti-TNP) antibody 1s also provided.

[0077] Table 2

cDNA sequence and amino acid translation

Anti-TNP mAb
formatted as 1gG2-
FEGG-SELF mutant

Bold and underlined amino acid
sequences correspond to the core
hinge sequence (aa residues 226-
229, according to Eu numbering
convention) and the portion of
the lower hinge sequence (aa
residues 232-237) and mutations
S267E and LL328F as disclosed 1n
Table 1. The c-terminal sequence

L.GK results from subcloning.

1 AAG CI'T ACC ATG GTG CTT AGT TTG CTG TAT

31

ol

91

121

151

131

211

241

211

301

331

301

391

421
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431
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L L
GAG GTG
E V
CTA GTT
L V
ACA TGT
T C
AGC GGC
S G
CCA GGA
P G
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1 N
CCC AGC
P S
AGA GAC
R D
CAC CTG
H L
GCC ACC
A T
GAT GTG
D V
CTG GTG
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GGC CCT
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L G
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ACA
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GGC
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GAT
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AGA

ATG

TAC

TCT

TAC
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CAG

TCG
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ACT

TAC

AAT

L
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CCC

AGC

ATT

CAG

GGG

TAT

ATA

TTT

GAC

AAC

GGC

ACA
T
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AGC
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CAT

CAG

GTT
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AAG
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TGG
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G ¢ P E N N Y K T T
1231 CCC CCC ATG CTT GAT AGC GAC GGA TCA TTT
P P M L D S D G S F
1261 TTC CTG TAC TCA AAA CTG ACC GTG GAC AAA
F L Y S K L T VvV D K
1291 AGC AGA TGG CAG CAG GGA AAC GTT TTC AGT
s R W © © G N V F 38
1321 TGC TCA GTG ATG CAC GAA GCG CTG CAC AAT
c s Vv M H E A L H N
1351 CAT TAT ACT CAG AAA AGC CTG AGC TTG AGC
H Yy T ¢ K s L s L 8
1381 TTA GGA AAA TGA TCT AGA (SEQ ID NO:15})
L G K * (SEQ ID NO:16)

Anti-TNP mAb
formatted as IgG2-
FLGG-SELF mutant

Bold and underlined amino acid
sequences correspond to the core
hinge sequence (aa residues 226-
229, according to Eu numbering
convention) and the portion of
the lower hinge sequence (aa

residues 232-237) and mutations

S267E and 1L32&F as disclosed 1n
Table 1.

1 AAG CTT ACC

31

ol

91

121

151
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211
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2171
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ID NO:17)
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S

Chimeric anti-TNP light

chain

Codon optimised nucleotide
sequence with mouse VH joined
to human constant kappa light

chain domain.
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V ) 1 ) P P S D E Q
451 CTG AAA AGT GGG ACA GCG AGT GTA GTG TGC
L K S G T A S \ \ C
451 CTG CTA AAC AAT TTT TAC CCA CGG GAG GCC
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o0l TTG TCA AGC ACC CTG ACG CTG AGC AAA GCC
L S S T L T L S K A
031 GAT TAC GAG AAG CAC AAG GTG TAC GCA TGC
D Y E K H K \ Y A C
ool GAA GTT ACG CAC CAA GGA CTG AGT AGC CCA
E V T H Q G L S S P
oYl GTC ACA AAG AGC TTC AAC AGG GGG GAA TGT
\ T K S ) N R G E C
/121 TAG (SEQ ID NO:19)
* (SEQ ID NO:20)

|0078]

Production of anti-human IgE and mutant anti-human IgE plasmid constructs

Anti-human IgE antibody constructs comprised synthetic DNA encoding the variable heavy (VH) region
and light chain region sequences of the therapeutic mAb, omalizumab (ThermoFisher, GeneArt,
Waltham, MA, United States ot America). H chain constructs comprised the VH ¢cDNA sequence and
constant domain sequence for IgG4 and 1gGG2 variants. DNAs tor IgG heavy and light chains were
subcloned into the expression vector pCR3 or pcDNA3.4. Mutations 1n the Ig(G2 constant heavy chain
(CH) cDNA sequence atfecting binding are listed in Table 1.

[0079]
IgE light chain (CL), IgG4 and 1gG2-FEGG-SELF and IgG2-FLGG-SELF are provided 1n Table 3,

cDNA sequences encoding the constant region of the IgG heavy chain polypeptides (CH) or anti-

shown as ligated to the cDNA sequence tor the variable heavy (VH) region. The cDNA sequence for the

anti-IgE antibody light chain 1s also provided.

[0080] Table 3
cDNA sequence and amino acid translation
1 ATG GGC TGG TCC TGC ATC ATC CTG TTT CTG
31 GTG GCC ACA GCC ACC GGC GTG CAC TCT GAA




WO 2022/133543

29

PCT/AU2021/051548

I1gG4

Bold and underlined amino acid
sequences correspond to the core
hinge sequence (aa residues 226-
229, according to Eu numbering
convention) and the portion of
the lower hinge sequence (aa

residues 232-237) and mutations
S267E and LL.328F as disclosed in
Table 1.
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GTG

GTG

TGT

GGC

CCT

ATC

CCC

AGG

CAA

GCC

TAC

GGC

GCG

CTG

AGT

GAT

TGG

CAT

GGC

GTT

TAT

AAT

AAG

CAG

CAG

GCC

TAC

GGC

ACC

AGC

GAC

ATG

GTG

TTC

CAG

TCG

GCT

ACA

TAT

AAT

ACT

CTG

CCG

ACA

ACT

TAC

CTG

CCT

GTG

TCT

AAG

TAC

GTG

GAC

CCT

GCT

TTT

AGT

TTT

TAT

TCT

TGC
C
AAG
K
GGC

GTG

GGC

TCC

TGG

GGA

GAC

TGT

GCC

CCC

GGC

CCC

AGC

AGC

AAC

GTA

V
CCC

GAA

GGA

GGC

AAC

CTG

GGC

GGC

AA”G

CTG

TGT

TGG

ACG

GGT

AGC

CTG

GAG

GCC

GCT

CTG

AGC

GTG

GAT

CCC

G
TCT

TCT

TAC

TGG

GAA

AGC

CGG

AAC

CGG

GCC

CAC

GTC

CCC

AGA

GGA

CCC

CTG

GTT

AGC

CTG

GAC

AAG

TGC

V

GGC

G

CTG

AGC

ATC

TGG

ACC

ATC

ACA

GCC

AGA

TTT

ACC

AGC

AGC

TGC

GTT

ACC

CTG

AGT

GGT

CAT

CGA

CCT

H

GGC

G

AGA

ATC

CGG

GTG

AAC

ACC

TTC

GAG

GGC

GCC

GTG

GTG

ACG

CTG

ACC

TCG

CAG

GTG

ACC

AAG

GTG

AGC

GGA

CTG

ACC

CAG

GCC

TAC

ATC

TAC

GAC

AGC

GTG

TCT

TTT

TCA

GTG

GTT

GGC

AGC

GTG

AA”G

CCT

GAG

TGT

CTG

AGC

AGC

GCC

TCC

AAC

AGC

CTG

ACC

CAC

TGG

GCA

CCC

GAA

TCC

GTG

AGC

ACT

ACT

AGC

AGC

CCC
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1321
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1381

GCA

TTT

CTG

TGC

CCT

GGC

CCC

AGA

CAG

TGT

AGC

GGT

CTG

AAT

GGA

TGG

TAC

GAC

ACT

AAT

GCG

CTG

CCT

CTG

ATG

GTG

GAG

GTG

CGC

GTA

GAT

ATC

CAA

CCT

CAG

TTT

GAG

GGA

GTG

GTT

CTG

AGC

GAG

1TTC

ATC

GTT

GTG

GAG

GAA

GTA

TGG

GTG

GAG

CCC

CCG

GTG

TAC

AGC

ACG

TCT

GAC

TTC

CAC

TTG

TTT

CCC

AGC

GTG

CAG

GTG

GAG

TCT

CTG

AGC

AAG

CGG

AGC

AGC

CCC

AAT

ACC

TTC

AAG

AGC

AAT

AGC
S

CTA

CCG

AGA

GAC

TTC

CAC

CAA

GTG

AAC

AAC

ACC

GAG

CAA

CTG

AGC

GGG

CCA

TTC

AGC

TGT

CAT
H
TTA
L

C
GGC

AAG

ACA

GTC

AAT

AAT

TTC

CTG

GGC

AAG

ATT

CCC

GAG

ACC

GAT

CAA

CCA

TTG

AGA

AGC

TAT
Y
GGA
G

P
GGG
G

CCT

P

CCC

P

AGC

S

TGG

W

GCT

AAC

ACC

AAG

GGC

AGC

CAG

GAA

TGC

ATT

CCA

GTA

TAT

1TGG

GTT

ACT

K

S
CCC
P

AAA
K
GAA
E

CAG

9,
TAC

Y

AAG

K

AGC

GTG

GAA

TTA

GTG

ATG

CTG

GCT

GAG

TTA

TCG

CAA

ATG

CAG

TGA

*

C
AGC

GAT

GTG

GAA

GTG

ACA

ACA

CTG

TAC

CCC

GCA

TAC

ACA

GTG

GTG

AAT

GAC

CGG

GAG

CAC
H
AAA
K

(SEQ ID NO:21)
(SEQ ID NO:22)

GTG

ACC

ACC

GAT

GAC

AAG

TAT

CAC

ACC

AAG

AAG

GAG

AAC

TCG

CTG

GGC

GAA
i
AGC

S
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ATG

GTG

GTG

GTG

TGT

GGC

CCT

ATC

CCC

AGG

CAA

GCC

TAC

GGC

GCG

CTC

TCA

GAT

TGG

CAC

GGC

GTG

TAT

GGC

GCC

CAG

CAG

GCC

TAC

GGC

ACC

AGC

GAC

ATG

GTG

TTC

CAG

TCG

GCC

ACT

TAC

AAT

ACC

CTC

CCC

ACA

TGG

ACA

CTG

CCT

GTG

TCT

AAG

TAC

GTG

GAC

AAC

TAC

GGC

GGA

ACA

CCA

GCG

TTC

AGC

TTT

TAT

TCG

TGC

TCC

GCC

GTG

GGC

TCC

TGG

GGA

GAC

AA”G

AGC

AGC

TAT

CAC

ACA

TGT

GCT

CCA

GGG

CCC

AGC

AGC

AAT

TGC

ACC

GAA

GGA

GGC

AAC

CTG

GGC

GGC

AA”G

CTG

TGT

TGG

ACG

GGC

TCA

TTG

GAG

GCT

GCC

CTG

L

AAT

N
GTC

ATC

GGC

TCT

TCT

TAC

TGG

GAA

AGC

CGG

AAC

CGG

GCC

CAC

GTC

CCT

AGA

GGC

CCT

CTG

GTG

AGC

TTT

B
GAT

ATC

GTG

GGC

CTG

AGC

ATC

TGG

ACC

ATC

ACA

GCC

AGA

TTT

ACC

AGC

AGC

TGC

GTC

ACC

TTA

AGT

GGT

CAT

CTG

CAC

GGC

AGA

ATC

CGG

GTG

AAC

ACC

TTC

GAG

GGC

GCC

GTG

GTC

ACC

TTG

ACT

AGT

CAG

GTG

ACC

TTT

)

TCT

S

GGA

CTG

ACC

CAG

GCC

TAC

ATC

TAC

GAC

AGC

GTG

TCT

TTT

AGC

GTG

GTC

GGA

AGC

GTA

CAG

CCC

CTG

L

GAA

E

CTG

AGC

AGC

GCC

TCC

AAC

AGC

CTG

ACC

CAC

TGG

GCA

CCA

GAG

AA”G

AGC

GTG

AGC

ACT

ACC

AGT
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Y
AAC

GCC

CTT

ATG

GTC

GAG

GTG

CGG

GTA

GAT

AAG

ATT

CAG

CCG

CAG

TTC

GAG

AAG

GGA

GTG

GTT

CTG

T
ACA

TGC

CCC

TTT

ATC

GTC

GTG

GAA

GAG

GTT

TGG

GTG

GAG

CCC

CCT

GTG

TAC

AGC

ACT

TCA

GAC

1TTC

CAC

C

AAG

K

TGT

C

CCA

CCA

AGC

GTG

CAA

GTG

GAA

AGC

CTG

AGC

CGG

AGC

AGC

CCC
P
AAT
N
ACG
T
TTT
B

N
GTA
V
GTG
\Y
GTG

CCT

AGG

GAC

TTC

CAT

CAG

GTT

AAC

S
GGC
G
CCC
P
TTC
B

AAA AGC

K
AGT
S
AAT

S
TGC
C
CAT

V
GAC

GAG

GCC

ACA

GTA

AAC

AAT

TTC

CTG

GGG

CCC

CTG

AGA

TCA

S
TAT

D
AAG

TGC

GGG

CCG

CCA

TCC

TGG

GCA

AAT

ACT

V
ACT

H
ACA
T
CCT

CCT

GAA

CAT

TAT

AGC

GTC

GAA

CTG

K

GTC

V

CCT

TCG

GAC

GTG

GAA

GTT

ACT

ACA

GTG

TAC

CCC

ACC

TAT

ACC

GTG

GTT

AAC

GAT

CAG

CAC
H
AAA

P
GAA

TGC

GTT

ACC

ACA

GAC

GAT

AA”G

TTC

CAC

AA”G

GCT

ACT

AA”G

GAG

AAC

AGC

CTG

GGA

GAA

E
AGC

AGA

CCC

TTT

CTG

TGT

CCG

GGT

CCA

AGA

CAA

TGT

CCA

GGA

CTG

AAC

GGC

TGG

TAC

GAC

ACC

AAC

GCg

CTG
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(SEQ ID NO:2Z23)
(SEQ ID NO:24)

S

L

Anti-IgE formatted as
IeG2-FEGG-SELF

variant

Bold and underlined amino acid
sequences correspond to the
variation from the W'T sequence,
eg the portion of the lower hinge
sequence (aa residues 232-237)

and mutations S267E and 1.328F

as disclosed 1n Table 1.
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AAG
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CCA

GCG

TTC

AGC

TTT
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AA”G
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TAT
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AAC

CTG

GGC

GGC

AAG
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TGG
W

ACA ACG

T
AAA
K
TGT

GCT

CCA

GGG
G
CCC
P

T
GGC

TCA

TTG

GAG

GCT
A
GCC
A

ATC

GGC

TCT

TCT

TAC

TGG

GAA

AGC

CGG

AAC

CGG

GCC

CAC

GTC

CCT

AGA

GGC

CCT

CTG
L
GTG
vV

AGC CTG AGC

S

L

S

ATC

GTG

GGC

CTG

AGC

ATC

1TGG

ACC

ATC

ACA

GCC

AGA

TTT

ACC

AGC

AGC

TGC

GTC

ACC

TTA
L
AGT

S

CTG TTT CTG

L

CAC

H

GGC

AGA

ATC

CGG

GTG

AAC

ACC

TTC

GAG

GGC

GCC

GTG

GTC

ACC

TTG

ACT

AGT

CAG

9,
GTG

vV

B’

TCT

S

GGA

CTG

ACC

CAG

GCC

TAC

ATC

TAC

GAC

AGC

GTG

TCT

TTT

AGC

GTG

GTC

GGA

AGC

GTA
vV

L

GAA

E

CTG

AGC

AGC

GCC

TCC

AAC

AGC

CTG

ACC

CAC

TGG

GCA

CCA

GAG

AA”G

AGC

GTG

AGC
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GTG

TAT

AAC

GCC

TTT

CTG

TGT

CCG

GGT

CCA

AGA

CAA

TGT

CCA

GGA

CTG

AAC

GGC

TGG

TAC

GAC

ACC

CCC

ACA

ACA

TGC

CCC

CTT

ATG

GTC

GAG

GTG

CGG

GTA

GAT

AAG

ATT

CAG

CCG

CAG

TTC

GAG

AAG

GGA

GTG

TCG

TGC

AAG

TGT

GAG

TTT

ATC

GTC

GTG

GAA

GAG

GTT

1TGG

GTG

GAG

CCC

CCT

GTG

TAC

AGC

ACT

TCA

GAC

AGC

AAT

GTA

GTG

TTT

CCA

AGC

GTG

CAA

GTG

GAA

AGC

CTG

AGC

CGG

AGC

AGC

CCC

AAT

ACG

TTT

B
AAA

K

AAT

GTC

GAC

GAG

GAG

CCT

AGG

GAC

TTC

CAT

CAG

GTT

AAC

AAC

ACA

GAG

AGG

CTG

AGC

GGC

CCC

TTC

B’

AGC

S

TTT

GAT

AAG

TGC

GGG

ACA

GTA

AAC

AAT

TTC

CTG

GGG

ATT

CCA

GAG

ACC

GAT

CAA

CCC

CTG

AGA
R

GGT

CAT

ACA

CCT

GGG

CCG

CCA

GAG

| =

TGG

GCA

AAT

ACT

AAG

GGT

TCT

CAG

GAA

TGT

ATC

CCC

ATG

TAC

Y

TGG
W

ACC

GTC

CCT

CCT

GAA

CAT

TAT

AGC

GTC

GAA

TTT

S
CAG

Q

CAG

CCC

GAA

TGC

TCG

GAC

GTG

GAA

GTT

ACT

ACA

GTG

TAC

CCC

ACC

TAT

ACC

GTG

GTT

AAC

GAT

CAG
Q

ACC

AGT

AGA

CCC

GTT

ACC

ACA

GAC

GAT

AA”G

TTC

CAC

AAG

GCT

ACT

AAG

GAG

AAC

AGC

CTG

GGA
G
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AAC
N
GCqg
A
CTG
L

GTT
\Y
CTG
L
AGC
S

TTC

CAC

TTG

AGT

AAT

AGC

TGC

CAT

TTA

TCA

TAT

GGA

GTG

ACT

ATG

CAG

TGA

CAC
H
AAA
K

(SEQ ID NO:2Z25)
(SEQ ID NO:20)

GAA
E
AGC

S

Anti-IgE formatted as
IgG2-FLGG-SELF

variant

Bold and underlined amino acid
sequences correspond to the
variation from the W'T sequence,
eg the portion of the lower hinge

sequence (aa residues 232-237)
and mutations S267E and LL328F

as disclosed 1n Table 1.
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GTG

TGT

GGC
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AGG

CAA

GCC

TAC

GGC

GCG

CTC

L
TCA

S
GAT
D
TGG
W
CAC

GGC

GCC

CAG

CAG

GCC

TAC

GGC

ACC

AGC

GAC

ATG

GTG

TTC

CAG

TCG

GCC

ACT

TAC

AAT

ACC

TGG

ACA

CTG

CCT

GTG

TCT

AAG

TAC

GTG

GAC

AAC

TAC

GGC

GGA

ACA

CCA

GCG

TTC

AGC

TTT

TCC

GCC

GTG

GGC

TCC

TGG

GGA

GAC

AA”G

AGC

AGC

TAT

CAC

H

ACA

T
AAA

K
TGT

GCT

CCA

GGG

G
CCC

TGC

ACC

GAA

GGA

GGC

AAC

CTG

GGC

GGC

AA”G

CTG

TGT

TGG

W

ACG

T

GGC

TCA

TTG

GAG

GCT

A
GCC

ATC

GGC

TCT

TCT

TAC

TGG

GAA

AGC

CGG

AAC

CGG

GCC

CAC

GTC

CCT

AGA

GGC

CCT

CTG

GTG

ATC

GTG

GGC

CTG

AGC

ATC

1TGG

ACC

ATC

ACA

GCC

AGA

TTT

ACC

AGC

AGC

TGC

GTC

ACC

TTA

CTG

CAC

GGC

AGA

ATC

CGG

GTG

AAC

ACC

TTC

GAG

GGC

GCC

GTG

GTC

ACC

TTG

ACT

AGT

CAG

TTT

)

TCT

S

GGA

CTG

ACC

CAG

GCC

TAC

ATC

TAC

GAC

AGC

GTG

TCT

TTT

AGC

GTG

GTC

GGA

AGC

CTG

L

GAA

E

CTG

AGC

AGC

GCC

TCC

AAC

AGC

CTG

ACC

CAC

TGG

GCA

CCA

GAG

AA”G

AGC

GTG

AGC
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GGC

GTG

TAT

AAC

GCC

TTT

CTG

TGT

CCG

GGT

CCA

AGA

CAA

TGT

CCA

GGA

CTG

AAC

GGC

TGG

TAC

GAC

CTC

CCC

ACA

ACA

TGC

CCC

CTT

ATG

GTC

GAG

GTG

CGG

GTA

GAT

AAG

ATT

CAG

CCG

CAG

TTC

GAG

AAG

GGA

TAT

TCG

TGC

AAG

TGT

GAG

TTT

ATC

GTC

GTG

GAA

GAG

GTT

TGG

GTG

GAG

CCC

CCT

GTG

TAC

AGC

ACT

T
TCA

AGC

AGC

AAT

GTA

GTG

TTT

CCA

AGC

GTG

CAA

GTG

GAA

AGC

CTG

AGC

CGG

AGC

AGC

CCC

AAT

ACG

T
TTT

CTG

AAT

GTC

GAC

GAG

CTG

CCT

AGG

GAC

TTC

CAT

CAG

GTT

AAC

AAC

ACA

GAG

AGG

CTG

AGC

GGC

CCC

TTC

V
AGC

TTT

GAT

AA”G

TGC

GGG

ACA

GTA

AAC

AAT

TTC

CTG

GGG

ATT

CCA

GAG

ACC

GAT

CAA

CCC

CTG

L

AGT

S

GGT

CAT

ACA

CCT

GGG

CCG

CCA

GAG

|

1TGG

GCA

AAT

ACT

AAG

GGT

TCT

CAG

GAA

TGT
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041 AAC AGC CAG GAA AGC GTG ACC GAG CAG GAC
N S Q E S \ T E Q D
o/1 AGC AAG GAC TCC ACC TAC AGC CTG AGC AGC
S K D S T Y S L S S
o0l ACC CTG ACA CTG AGC AAG GCC GAC TAC GAG
T L T L S K A D Y E
31 AAG CAC AAG GTG TAC GCC TGC GAA GTG ACC
K H K \ Y A C E \ T
ool CAC CAG GGC CTG TCT AGC CCC GTG ACC AAG
H Q G L S S P \ T K
091 AGC TTC AAC CGG GGC GAG TGC TAA (SEQ ID NO:29)
S E N R G E C * (SEQ ID NO:30)

[0081] Expression and production of human IgG and mutant IgG proteins by Expi1293 cells

The human IgG and mutant human IgGs were produced 1in Expi293 human embryonic kidney cells as
described previously (Wines et al., 2016 supra). Brietly, Exp1293 cells were maintained 1in Expi1293
Expression Medium (Gibco, Waltham, MA, United States ot America) tor both cell growth and protein
production. Cells were transfected simultaneously with the IgG heavy chain plasmid (15ug) and light
chain plasmid (15ug) diluted in Opti-MEM I Reduced-Serum Medium (Gibco) using the Expifectamine
transtection kit (Lite Technologies Corporation, Carlsbad, CA, United States ot America) then cultured
tor tour days. Culture supernatants were claritied by centrifugation and filtered through a 0.2um filter
atter which the Ig(Gs were puritied by atfinity chromatography using a Hi-Trap HP Protein A column (GE
Healthcare Lite Sciences, Marlborough, MA, United States of America) and eluted with 0.1M citric acid,
pH 3.5, tollowed by neutralisation with 1M Tris-HCI, pH 9.0. and dialysation against PBS pH 7.5. Any
aggregates were removed by subsequent gel filtration on a Superose 6 10/300GL column (GE Healthcare
Biosciences) and monomeric 1g(G peak tractions collected. The antigen binding activity of all antibody

preparations was tested on BSA-TNP by ELISA as described (Wines et al, 2016 supra).

[0082] Flow cytometric measurement of IgG binding to cell surface FcyR

Antibody FcyR binding was measured using either immune complexes or monomeric IgG. Immune
complexes were generated by mcubating the anti-TNP antibodies (parental or mutant anti-TNP 1g(G) with
TNP-BSA at a 2:1 ratio (40 pug/ml : 20 pg/ml) for 30 minutes at 37°C then 10 minutes at 4°C. In the tlow
cytometry binding analysis, the complexes or monomeric Ig(Q, at the indicated concentrations, were
added to 25ul of FcyR-expressing cells (5x10°%ml) in PBS/BSA buffer and incubated for one hour on ice,
washed twice, resuspended 1n S0ul of Alexa 647-conjugated F(ab'), tfragments of goat anti-human IgG
F(ab'),-specitic goat antiserum (Jackson ImmunoResearch Laboratories, West Grove, PA, United States

of America) (1/400 dilution in bufter) for 1 hour on ice. The cells were washed twice, resuspended in

200ul PBS/0.5% BSA and 10,000 viable cells analysed in at least three experiments. Monomer IgG
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binding (MFI) were fitted to a single binding site model to determine binding attinity (K,). Similarly

immune complex binding is reported as apparent affinity (K,™").

[0083] Affinity measurements of 1gG:FCR interaction using Bio-Layer Interferometry (OCTET)
TNP-BSA was reacted with the EZ-link™ biotinylation reagent (ThermoFisher Scientific) according to
the manufacturer's mstructions. The resulting TNP-BSA-biotin (5 ng/ml, 30sec) was captured to ~0.8nm
on streptavidin BLI probes using an Octet Red96 (ForteBio; Molecular Devices LLC, San Jose, CA,
United States ot America) then loaded with anti-TNP IgG (4 ng/ml, 75sec). A baseline was established
(60sec) tollowed by the association and dissociation (90s) ot a concentration series (15 nM to 20 uM) ot
rsFeyRITa-R™ or rsFeyRIIb. Regeneration after each initial reaction TNP-BSA-biotin capture and the
subsequent binding cycles used 10 mM HCI. Sensograms were filled to 1:1 Langmuir binding model or

the binding response at the end of the association cycle was fitted tor steady state affinity.

|0084] Production and purification of Honey Bee venom allergen: Api m 1

The major allergen trom Honey bee (Apis mellifera) venom: phospholipase A2 (Api m 1) (GenBank
X16709, allergen name: Ap1 m 1), was produced 1n the suspension-adapted insect cell line Spodoptera
frugiperda St21 as per the manufacturer's instructions (Gibco). Brietly, St21 cells were maintained in St-
900 II SFM media at 27 C for growth, virus production and protein production. The cDNA encoding full
length Apt m 1, with a 3" hexa-His tag, was cloned into the donor plasmid pFastBac that was then
transtected into DH10Bac E.coli. The resultant Bacmid DNA was puritied from the DH10Bac E.coli cells
and transtected into St21 cells. The recombinant Baculovirus was then used to infect St21 cells and the
secreted Apt m 1 was puritied from cell culture supernatant by Talon Supertlow Metal Attinity

chromatography (Clontech, Mountain View, CA, United States of America).

[0085] Basophil Activation Test (BAT)
BAT assays were performed as previously described (Drew AC et al., J Immunol 173(9):5872-3879,

2004) using either of two cell sources, namely whole (unprocessed) blood or blood washed twice 1n
DMEM/0.1%BSA. Basophils were stimulated using haptenated (TNP) rabbit F(ab')2 anti-human IgE
(anti-IgE-TNP) or haptenated bee venom allergen (Api m 1-TNP) 1n the presence or absence ot the IgG
mADbs. Brietly, 100ul heparinised whole human blood, tfrom either healthy donors or allergic patients was
incubated with 20ul of sttmulation buffer (133mM NaCl, 20mM Hepes, 7mM CaCl,, 5mM KCl, 3.5mM
MgCl,, Img/ml BSA, 20ul/ml heparin, 2ng/ml IL3, pH 7.4) for 10 min at 37°C. Samples were then
stimulated, for 20 min at 37 C, by addition of 100ul of either anti-hIgE-TNP (20ug/ml) or Api m 1-TNP
(4ug/ml) that had been pre-complexed (37 C for 30 minutes) with anti-TNP hlgGs. Background
stimulation was determined by the addition of 100ul of stimulation butter alone. Positive controls for
stimulation utilised either N-formyl-Met-Leu-Phe (tMLP, 9ug/ml) (Sigma-Aldrich) or intact rabbit anti-
human IgE (10ug/ml) (Dako Agilent, Santa Clara, CA, United States of America). The assays were
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terminated by incubation on 1ce for 5 min, then normal goat serum added (10ul)(Sigma-Aldrich).
Stimulation responses were quantified by flow cytometry; theretore, tollowing stimulation, the cells were
stained for 40min on ice by the addition of mouse anti-human CD63-PE (2ul/test) (BD Biosciences,
Franklin Lakes, NJ, United States of America), mouse anti-human IgE-FITC (3ul/test) (eBioscience, San
Diego, CA, United States of America) and mouse anti-human CD203¢-APC (Sul/test) (Milteny1 Biotec,
Auburn, CA, United States of America). Following stamning, red blood cells (RBC) were lysed by
incubating twice with 2ml of lysing solution (154mM NH,Cl, 10mM KHCO,, 0.8mM EDTA) for 10 min
at room temperature and centrifugation (250 x g, Smin). Cell pellets were washed with 3ml wash butfer
(133mM NaCl, 20mM Hepes, SmM KCI, 0.27mM EDTA, pH 7.3) and resuspended for flow cytometry
analysis 1n 200l wash bufter containing 7-Aminoactinomycin D (2ul/test) (BD Biosciences) tor the

exclusion of non-viable cells.

[0086] Cells were analysed on a FACS Cantoll cytometer and fluorescence data analysed using
Flowlogic analysis software. The gating strategy used was as follows: Washed blood or whole blood cells
were gated on forward and side scatter to include the basophil population, followed by live cell gating
based on exclusion of 7TAAD positive cells. Basophils were 1dentified as the high IgE expressing (FITC
high) and CD203¢ (APC positive) cells which were then used to set the CD63 negative gate (stumulation
buttfer alone) and the CD63 positive gate (stimulated with anti-human IgE or tMLP). Activated basophils
were 1dentified as the cells in the CD63 positive gate. The 9% inhibition ot basophil activation was
calculated as the % reduction in the CD63 positive cells induced by Apt m 1-TNP:1gG or anti-1gE-
TNP:1gG complexes compared to Api m 1-TNP or anti-IgE-TNP stimulation alone.

|0087] Blockade of FcyRIIb inhibitory action in the Basophil Activation Test (BAT)
The 1nteraction of FcyR1lb with anti-IgE-TNP:IgG complexes in the BAT was blocked by incubation of

cells with F(ab'), fragments of the FcyRIIb-specific blocking mAb, H2B6, prior to addition of anti-IgE-
TNP:1gG in the BAT as described above. Brietly, 10ul of anti-H2B6 F(ab'), (final concentration of

7.5ng/ml), or stim butfer alone, was added to 90l of washed blood, incubated on 1ce for 30 mins, then
the BAT performed using anti-IgE-TNP or anti-IgE-TNP:1g(G (final concentration of Sug/ml), and the %

basophil activation determined.

[0088] Cell surface co-expression of human high affinity FceRI complex and inhibitory hFcyRIIb

Cells expressing the FceRI complex (FceRl1 a, B, v) with the inhibitory FeyRIIb were generated by the
transduction of I1A1.6 cells with a codon-optimised cDNA encoding each FcR or subunit interrupted by
an intervening picornavirus ribosomal skipping 2A peptide (Szymczak AL et al., Nat Biotechnol
22(5):589-594, 2004). Sequences were 1n the order FceRla-P2A-FceRIB-T2A-FceRly-F2A-FcyRIIb-

translation stop. This was synthesised with tlanking gateway attB1 and attB2 sites as a sequence veritfied

2863bp synthetic DNA (ThermoFisher, GeneArt, Waltham, MA, United States of America). The
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synthetic DNA was subcloned into the gateway adapted murine leukemia virus expression vector pMXI-
neo. Transient transtection ot the Phoenix packaging line and infection of the FcR deficient mouse 1IA1.6

cell line was performed as previously described (Powell et al., 2006 supra).

[0089] IgE induced calcium mobilisation

ITA1.6 cells co-expressing the inhibitory hFcyRIIb and hFceRlI (a, 3, v) complex were sensitised with IgE
by overnight incubation with 0.5ug/ml IgE (JW&/5/13 mouse/human chimeric anti-NP IgE) (Bruggemann
M et al., J Exp Med 166:1351-1361, 1987). The tollowing day, cells were stimulated with 20pg/ml of
anti-IgE-T alone or complexed with anti-TNP IgG mAbs (final concentration, 35ug/ml) and calcium

mobilisation determined (Anania JC et al., 2018 supra).

[0090] Cell surface co-expression of a chimeric anti-NP IgE BCR and inhibitory hFcyRIIb

Reporter cells expressing a JW&/5/13 mouse/human chimeric anti-NP (4-hydroxy-3-nitrophenylacetyl)
IgE BCR comprising mouse V domains (and human cell surface IgE heavy chain including the
transmembrane and cytoplasmic domains) and light chain, and co-expressing the inhibitory FcyRIIb were
generated by the transduction of 1IA1.6 cells with a codon-optimised cDNA encoding a sigle polyprotein
comprising the light chain, IgE heavy chain and FcyRIIbl separated by the picornavirus ribosomal
skipping P2A and F2A peptides (Szymczak AL et al., Nat Biotechnol 22(5):589-594, 2004). Thus, the
polyprotein-encoding DNA sequence was configured with the anti-NP IgE light chain cDNA then the
P2 A peptide, then the IgE heavy chain, then the F2A peptide then the FcyRIIbl, and then the translation
Stop. The mouse/human chimeric anti-NP heavy chain sequence comprised an appropriately joined
JW8/5/13 ant1i-NP IgE DNA sequence (Bruggemann M et al., J Exp Med 166:1351-1361, 1987) and
sequence accession number X63693.1 (H.sapiens germline alternatively spliced IgE heavy chain DNA).
This was synthesised with flanking gateway attB1 and attB2 sites as a sequence veritied synthetic DNA
(Thermokisher, GeneArt). The synthetic DNA was subcloned into the Gateway-adapted murine
leukaemia virus expression vector pMXI-neo. Transient transtection of the Phoenix packaging line and

infection of the FcR detficient mouse IIA1.6 B cell line was pertormed as previously described (Powell et

al., 20006 supra).

[0091] IgE B cell receptor (BCR)-induced calcium mobilisation

[IA1.6 cells co-expressing the anti-NP surface IgE and the mhibitory hFcyRIIb were loaded with the
calctum indicator Fura-2 and incubated with the IgE-specific therapeutic mAb, omalizumab or the
mutants; that 1s, omalizumab formatted as IgG4, as 1gG2, 1gG2-FEGG, 1gG2-FLGG, 1gG2-FEGG-
S267E-L328F, 1gG2-FLGG-S267E-L328F- (1ug/ml) followed by the NP-related antigen, NIP(22)BSA
(bovine serum albumin derivatised with an average ot 22, 4-hydroxy-3-10do-5-nitrophenylacetyl groups

per BSA molecule). Calcium mobilisation was determined (Anama JC ef al., 2018 supra).
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Results

|0092] Mutant 1gG2 antibodies with modified Fc generates potent specific basophil inhibitors

A series of inhibitory mAbs were developed using Ig(G2 as a scaftold for sequence elements trom 1gG4
and IgG1 (Table 1), focussing on the lower hinge region which ditters between the IgG subclasses and 1s
a key contact with FcyR. In particular, the VAG of the IgG2 lower hinge was replaced with either FLGG
from IgG4 (IgG2-FLGG) or with LLGG from IgG1 (IgG2-LLGG). The mutant IgG2 mAbs were
cvaluated for their FcyR binding specificity for the different human FcyR expressed on the cell surface.

The results are shown in Figure 1.

[0093] The interaction of the mutant IgGs with the human FcyRs on the cell surface was evaluated by
tlow cytometry and compared to the binding of parental 1g(G2 or IgG4 as well as to I1gG1, the "universal”
ligand for all human FcyR. Binding to the low atfimity human FcyR (FcyRIIb, FeyRlla, and FcyRIII) was
performed using immune complexes (Figure 1A-E). Binding to the high affinity FcyRI was determined
using monomeric IgG (Figure 1F). Each of the parental IgG molecules showed the expected speciticity
(1e complexed IgG1 bound to all receptors, IgG2 failed to bind any FcyR with the exception of FcyRlIla-
H"'and IgG4 complexes bound only to the inhibitory FcyRIIb). Uncomplexed, monomeric IgG1 and
[g(G4, but not Ig(G2, bound to the high affinity FcyRI.

[0094] It was found that the IgG2-LLGG or IgG2-FLGG mAbs FcyR binding profiles were
considerably different from Ig(G2 and in the case of IgG2-FLGG was also distinct from IgG4 (Figure 1A -
E). The IgG2-LLGG mAb showed a speciticity profile equivalent to the parental IgGG1 (Figure 1A-E).
Thus, the replacement of only the lower hinge in Ig(G2 was sutticient to confer Ig(G1-like binding that
now included binding to the inhibitory FcyRIIb. Further, the receptor binding profile of 1gG2-FLGG was
distinct tfrom both parental 1gGs (Figure 1). In particular, this mutant mAb showed significantly enhanced
binding to the inhibitory FcyRIIb as well as broader specificity compared to IgG4, binding avidly to both
FcyRllla allelic forms which do not bind IgG2 or IgG4 and also to the FeyRIIa-R ™', also normally a poor
binder of IgG2 and IgG4. The binding to FcyRIIa-H'"' is presumably a contribution from the IgG2
backbone. However, like monomeric IgG4, monomeric IgG2-FLGG bound to the high atfinity FcyRI
(Figure 1F) which does not bind IgG2.

[0095] Mutant IgG2 antibodies inhibit Api m 1 allergen-induced basophil activation

The mutant IgG2 mAbs were also e¢valuated for their capacity to mediate FcyRIIb-dependant inhibition of
allergic basophil activation by IgE. In particular, the IgG2-FLGG, I1gG4-LLGG and 1gG2-LLGG,
antibodies were compared to the parental 1gG2, IgG4, and Ig(G1 for their capacity to modulate FceRI
activation ot basophils from IgE+ atopic individuals (honey bee venom allergic patients). The basophils

in washed blood were stimulated with the major honey bee venom allergen, phospholipase A2 (Apim 1-

TNP) 1n the presence of the anti-TNP IgG2 or IgG4 mAbs. The results are shown 1n Figure 2.
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|0096] Most strikingly, near-complete inhibition ot Apt m 1 induced basophil activation was mediated
by the IgG2-LLGG and IgG2-FLGG (81% and 85% inhibition respectively), but as expected, the parental
IgG2, which does not bind to FcyRlIIb, did not inhibit the Api m 1 response. Surprisingly, in contrast, the
parental IgG4 and also IgG1, both of which bind avidly to FcyRIIb, showed comparatively weak
inhibition achieving only 42% and 435% inhibition respectively at the highest concentration used

(2ug/ml).

[0097] Mutation of the lower hinge improves mAb specificity for FcyRI1lb

Specificity for FcyRIIb interaction was further refined by an additional mutation of the lower hinge
(Figurel) and evaluated tor potency in the BAT assay using washed blood (1e plasma-free) or whole

blood (1e containing physiological levels of 1g(5). The results are shown 1n Figures 2, 3 and 7.

[0098] First, a point mutation of L*”E was introduced into FLGG of the lower hinge sequence of
parental IgG4-WT and of IgG2-FLGG mAbs to create IgG4-FEGG and 1gG2-FEGG respectively. This
mutation has been described as ablating FcyR binding gencrally (Alegre ML et al., J Immunol
148(11):3461-3468, 1992), and has been used for inactivation of FcyR binding 1n a number of antibodies
(Reddy MP et al., J Immunol 164(4):1925-1933, 2000). However, it was found here that binding to
FcyRIIb 1s retained.

[0099] The L*E mutation in IgG2-FEGG and IgG4-FEGG ablated binding to FcyRI of the original
unmoditfied IgG2-FLGG and 1gG4-WT down to the near base-line levels of parental IgG2-W'T (Figure
1F). Other backbone-dependent differences were also apparent. On the 1gG2 backbone, the IgG2-FEGG
and IgG2-FLGG mutants showed similar low atfinity FcyR binding profiles (Figure 1A-E) including the
ability to bind readily to FeyRIIb but also to the FeyRIIa-H'' and R"" alleles with only a small
comparative decrease in binding of IgG2-FEGG to both alleles of FcyRlIlla (Figure 1D, E). However, this
contrasted starkly with the effect of the same mutation on the I1gG4 backbone in the IgG4-FEGG mAb
(Figure 1), and greatly diminished binding in the context of the SELF mutation (Figure SF).

|00100] The mutants were then evaluated in the washed blood BAT (Figure 2). Here, and despite an
apparent preferential and improved binding to FcyRIIb (see Figure 1A), IgG4-FEGG showed a
surprisingly weak level of inhibition of basophil activation (42%) that was substantially equivalent to that
of IgG4-WT (45%). In contrast, the equivalent sequence on the IgG2 backbone, IgG2-FEGG antibody,
retained the more potent ihibition seen with the original IgG2-FLGG mutant and also the 1gG2-LLGG
(Figure 2).

[00101] Moditying CH?2 for improved mAb affinity and inhibitory potency

In an attempt to further improve FcyRIIb specificity, two residues in CH2 of the Fc domain were

additionally moditfied (see Table 1). Particularly, two mutations S*’E and L**°F (SELF) which have been
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used 1n the IgG1 backbone (Chu SY et al., Mol Immunol 45(15):3926-3933, 2008) were introduced into
the 1g(G2- and IgG4-based mAbs, IgG2-FLGG, 1gG2-FEGG and 1gG4-FEGG, as well as the parental
Ig(G4 antibody. The antibodies were then tested for specificity (see Figures 4-6) and inhibitory potency in
allergen specific (Figure 3) and anti-IgE BAT (Figure 7). Several effects were apparent. That 1s, the
introduction of the SELF mutations resulted in significant increases of atfinity (more than 70 told
increases) and altered speciticity of binding of both monomeric (Figure 6) and complexed IgG (Figure 3J).
Monomeric IgG2-FLGG-SELF and IgG2-FEGG-SELF showed high affinity binding to FcyRIlb
expressed on the cell surface (K, 89 and 32 x 10° M) respectively (Figure 6A) and by BLI analysis (K,
103 and 29 x 10° M) (Figure 4 and Table 4), which are 70-120 fold increased affinity compared to the
equivalent mAbs without the SELF mutations (Figure 4 and Table 4). The IgG1-SELF mutant showed
high atfinity binding as previously reported (Chu SY er al., Mol Immunol 45:3926-3933, 2008). Notably,
these antibodies with the SELF mutations showed (4 to 6-fold) greater binding affinity for FcyRIla-R""

than for inhibitory FcyRIIb on cells (Figure 6A, B and confirmed by BLI analysis, as shown in Figure 4
and Table 4).

|00102] This newly acquired high attinity binding was also retlected in a greatly increased binding
avidity of immune complexes (Figure 5). In addition, the unexpected immune complex binding of the
original IgG2-FLGG and IgG2-FEGG mAbs to the FeyRIII forms (Figure 1D, E) was ablated by the
SELF mutations (Figure 5). The effects of inclusion of the SELF-mutations on the Ig(G2 backbone was

also evident on the equivalent IgG4 mAbs (Figure 5) which showed similarly increased binding to
FcyRIIb and FcyRIIa-R"™, but not to FeyRIla-H'"™'.

[00103] Despite the major alterations to affinity and specificity of the interaction with low-affinity FcyR
induced by SELF-mutations, the interaction with FcyRI was unaffected; the IgG2-FLGG, IgG2-FLGG-
SELF showed 1dentical binding as did the IgG1-SELF mutant antibody (Figures 6F and 7D). Further, it
was found, importantly, that the SELF mutations in IgG2-FEGG-SELF and IgG4-FEGG-SELF did not
override the ablation of FcyRI binding by the L235E mutation observed in the original 1gG2-FEGG or
Ig4-FEGG (Figure 1F). Thus, this combination of antibody mutations produced a more restricted

specificity but also robust binding to the inhibitory FcyRIIb.
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Binding affinities (K, (10° M™")) of recombinant soluble FcyRIIb and

recombinant soluble FcyRIla-Argl31 to mutant 1IgG mAbs

Fc Receptor IgG1 IgG2 IeG2-LLGG IeG2-FLGG
rsFcyRIIb 0.16 (1) 0.059 + .017 (3) 0.80 + .18 (4) 0.83 +0.13 (4)
rsFeyRIIa-R™" ND ND ND ND
Fc Receptor IgG2-FEGG IgG1-SELF IgG2-SELF IgG2-FLGG- | IgG2-FEGG-
SELF SELF
rsFcyRIIb 0.40 + .06 (4) 74 + 4 (7) 34 +2 (8) 103 + 8 (8) 29 + 3 (8)
rsFeyRIIa-R™" ND 349 + 38 (3) 91 + 8 (3) 630 +75(3) | 188 +12(3)

Atfinities are from global fitting to Langmuir 1:1 binding model, K, £ S.E.M. (n), n = number of experiments

|00105] Inhibition of basophil activation in whole blood from allergic patients and healthy donors

The mutant IgG2 mAbs were also evaluated tor their inhibitory potency in whole blood; that 1s, 1n the
presence of physiological levels of 1g(G using two separate IgE-dependent stimuli, either allergen Api m
1-T (Figure 3) or anti-IgE-TNP (Figure 7). In comparison with corresponding 1g(G4 mutants, the IgG2-
based mAbs (Figure 7A) were more potent inhibitors of allergen induced activation than the 1gG4-mAbs
(Figure 7B). Indeed, 1gG4, 1gG4-FEGG, and 1gG4-LLGG which inhibited activation in washed blood
(Figure 2) showed very poor inhibition in whole blood (8%, 8%, 13% inhibition respectively). In contrast,
and despite the presence of physiological I1gG, the IgG2-FLGG, containing the lower hinge of 1g(G4 and
which binds FcyRlIIb with low affinity, retained substantial inhibition (54%, 1Cso = 1.6 pg/ml). In
addition, the results showed that the potency of the Ig(G2 mAbs was greatly increased by the inclusion of
the SELF mutations of the CH2 region. For instance, binding of the IgG2-FLGG-SELF and the IgG2-
FEGG-SELF was improved at least 6-fold to ICs, = 0.24 pg/ml and 0.38 pg/ml respectively.
Interestingly, the mutant IgGG2 mAbs with SELF mutations were substantially more potent than their 1gG4
lower hinge equivalents (eg 1gG2-FLGG-SELF having the 1gG4 lower hinge (I1C;55 = 0.24 ug/ml)
compared to IgG4-SELF 1Cs, = 1.1 pg/ml, indicating the nature of the IgG backbone 1s a significant

tactor 1in determining inhibitory potency in these engineered antibodies).
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[00106] The mutant IgG2 mAbs were also tested 1n a second IgE/ FceRI-dependent system to ensure that
the potency was not unique to the allergen system. That 1s, assays were conducted tfor basophils in whole
blood stimulated with anti-IgE-TNP, and the results showed that the relative potency ot the inhibition
mediated by the antibodies was the same as that seen using Api1 m 1-T allergen stimulation; that 1s, Ig(G2-
FLGG-SELF = IgG2-FEGG-SELF = IgG1-SELF > IgG2-FLGG ~ IgG2-FEGG >>> Ig(G2 and for the
IgG4 backbone mAbs, IgG4-SELF = IgG4-FEGG-SELF >>> IgG4-FEGG = IgG4-LLGG = IgG4. Thus,
the ability of a particular mutant mAb containing to inhibit activation ot basophils and its ranking

compared to the other antibodies used, was equivalent whether the basophils were activated via anti-hlgEk-

TNP fragments or Apt m 1-TNP.

[00107] The inhibitory function of the mutant Ig(G2 antibodies 1s impaired by FcyRIIb blockade

The expected expression of the mhibitory FcyRIIb receptor on blood basophils (Kepley CL ef al., J
Allergy Clin Immunol 106:337-348, 2000) was confirmed by flow cytometry (see Figure 8A). The
FcyRIIb dependence of the inhibition by the IgG mAbs of IgE/FceRI basophil activation, was evaluated
by the blockade of FcyRIIb expressed on basophils using the FcyRIIb-specific mAb, H2B6 (Figure 8B).
Pre-treatment of whole blood with H2B6 F(ab')2 fragments prior to stimulation with anti-IgE-TNP, 1n the

presence of 1gG2-FLGG, resulted 1n significant reduction in the potency of IgG2-FLGG (Figure 8B).

[00108] Inhibition of FceRI induced calcium mobilisation

The mutant Ig(G2 antibodies were also tested for FcyRIlb-dependent modulation of IgE:FceRI induced
calcium mobilisation (Figure 8C). Cells co-expressing FcyRIIb and the FceRI (affy2) complex were
sensitised with IgE and stimulated with anti-IgE-TNP 1n the presence of the parental anti-TNP IgG2 or
the IgG2-based anti-TNP mutant mAbs (Figure 8C). The inhibition of the IgE/FceRI calcium
mobilisation by the mAbs correlated with their atfinity for FcyRIIb and with their potency of inhibition 1n
both allergen or anti-IgE induced activation of basophils (Figures 3 and 8). The IgG2-FLGG-SELF and
IgG2-FEGG-SELF antibodies showed the greatest inhibition of calcium mobilisation and produced
similar reductions 1n the magnitude and kinetics of the response. Interestingly, IeG2-FLGG antibody
which did not contain the SELF mutations, still showed a substantial reduction in the IgE/FceRI Ca™

response (Figure 8C), which 1s also consistent with 1ts ihibition of basophil activation in whole blood

(Figure 3).

|00109] Inhibition of surtace IgE, B cell antigen receptor-induced calcium mobilisation

The therapeutic mAb omalizumab was reformatted as an 1gG4 and Ig(G2 antibodies and these were tested

for FcyRIIb-dependent modulation of antigen (NIP22BSA) induced calcium mobilisation (Figure 9 and
Figure 10).

[00110] IIA1.6 B cells co-expressing FcyRIIb and NP-specific cell surface IgE BCR were treated with
the therapeutic mAb, omalizumab (an IgG1 mAb) or omalizumab mutant mAbs (provided with an IgG4
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backbone or as a mutant Ig(G2 antibody according to the present disclosure) and the BCR subsequently
stimulated with the NP-related antigen NIP(22)BSA antigen. The Ig(G1 omalizumab treatment strongly
suppressed the subsequent calcium mobilisation by antigen (second injection, NIP(22)BSA, Figure 9A).
The IgG2-mutant anti-IgE treatment only partially suppressed the subsequent calcium mobilisation by
NIP(22)BSA antigen (second injection, Figure 9B). Like omalizumab, but unlike the 1gG2 counterpart,
the 1gG4-tormatted anti-IgE strongly suppressed antigen stimulated calcium mobilisation (Figure 9C).

These suppressive activities correlate with the ability of IgG1 and 1gG4 to engage inhibitory FcyRIIb1,
while Ig(G2 1s unable to bind FcyRIIbl.

|00111] The etfect of mAbs targeting the BCR on antigen stimulation was evaluated on IIA1.6 B cells
co-expressing FcyRIIb1 using anti-IgE mAbs comprising the variable domains of omalizumab provided
with an Ig(G2 backbone (Figure 10). Treatment of the B cells co-expressing IgE BCR and the human
FcyRIIb1l with IgG2 form of omalizumab resulted in partial suppression of the antigen (NIP)-specific hu-
IgE BCR-triggered calcium tlux in comparison to the butter control (second injection NIP(22)BSA,
Figure 10A). This partial suppression 1s independent of FcyRIIb1 since IgG2 does not bind FcyRIlb.
However, treatment with omalizumab provided as an IgG2-FLGG antibody largely suppressed the
antigen-specitic hu-Igk BCR triggered calcium tlux (second injection, Figure 10B). Also, omalizumab
provided as an IgG2-FEGG mAb also suppressed antigen triggered calcium ftlux (second injection, Figure
10C), but less potently than the IgG2-FLGG tormatted mAb. The form of omalizumab provided as 1gG2-
FLGG-SELF mAb also suppressed the antigen-stimulated response (second injection, Figure 10D) while
the suppression by the IgG2-FEGG-SELF form (Figure 10E) was equivalent to that of the IgG-FLGG
mADb. Overall, regulation of the IgE BCR had the hierarchy of FLGG-SELF > FLGG ~FEGG-SELF >
FEGG > Ig(G2, which broadly correlated with the rank order of FcyRIIb binding activity of these

mutations 1n this IgG2 format.

Discussion

|00112] The targeting of immune checkpoints has emerged as a significant strategy for modulating
leukocyte responses 1n disease. FcyRIIb 1s one of the earliest immune checkpoints described (Hibbs ML
et al., Proc Natl Acad Sci U S A 83:6980-6984, 1986). Its modulation ot ITAM-dependent signalling
pathways utilised by FceRlI, other activating type FcRs and the B cell antigen receptor, regulates
antibody-dependant leukocyte tunction 1n mnate and adaptive immunity. This includes the inhibition of
IgE-dependant basophil activation (Cady CT et al., Immunol Lett 130(1-2):57-65, 2010) and the B cell
antigen receptor (Amigorena S et al., Science 256:1808-1812 ,1992). In the work described 1n this
example, 1t was found that "functionally mert” human Ig(G2 can be used as a scatfold tor the development
of mAbs with modified FcyR specificity/aftinity to harness the inhibitory potency of FcyRIIb by mutating

the sequence of the lower hinge. Indeed, 1n this way, 1t was tound to be possible to exploit the inhibitory
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potency of FcyRIIb so as to modulate the activating-type receptor, FceRlI, to thereby inhibit IgE/FceR1
allergen or anti-IgE activation of human basophils. Moreover, providing an anti-IgE mAb as such mutant
Ig(G2 antibodies was effective for the imhibition of antigen stimulation ot a surtace IgE B cell receptor.
Such mutant Ig(G2 antibodies therefore otfer considerable promise as the basis of novel mAb therapeutics

for treating or preventing allergic responses.

|00113] Throughout the specification and the claims that follow, unless the context requires otherwise,
the words "comprise” and "include” and variations such as "comprising” and "including” will be
understood to imply the inclusion of a stated integer or group of integers, but not the exclusion ot any

other iteger or group of integers.

|00114] The reference to any prior art in this specification 1s not, and should not be taken as, an
acknowledgement of any form of suggestion that such prior art forms part of the common general

knowledge.

|00115] It will be appreciated by those skilled in the art that the methods and uses of the
immunotherapeutic protein (eg mutant IgG2 antibody) and composition disclosed herein are not restricted
by the particular application(s) described. Neither are the methods, uses and composition restricted 1n
their preferred embodiment(s) with regard to the particular elements and/or teatures described or depicted
herein. It will also be appreciated that the methods and uses of the immunotherapeutic protein and
composition disclosed herein are not limited to the embodiment or embodiments disclosed, but are
capable of numerous rearrangements, modifications and substitutions without departing from the scope of

the disclosure as set torth and defined by the following claims.
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CLAIMS

1. A method of treating a disease or condition 1n a subject, wherein binding to and/or activation
of FcyRIIb 1s beneficial in the treatment or prevention of said disease or condition, said method
comprising administering to said subject an etfective amount of an immunotherapeutic protein
comprising at least one heavy chain polypeptide derived tfrom an Ig(G2 antibody, wherein said heavy
chain polypeptide comprises at least constant heavy domains 2 and 3 (CH2 and CH3) and the lower
hinge, and the sequence of the lower hinge comprises a mutation enabling the immunotherapeutic

protein to bind to and/or activate FcyRIIb.

2. The method of claim 1, wherein the heavy chain polypeptide 1s a heavy chain component of

an Fc fragment.
3. The method of claim 1, wherein the immunotherapeutic protein 1s a mutant 1gG2 antibody.

4. The method of any one of claims 1 to 3, wherein the mutation comprises the substitution of
the lower hinge sequence, or the substitution of one or more amino acid(s) within the lower hinge

sequence, at positions 233-236 (EU numbering).

J. The method of claim 1 or 2, wherein the lower hinge sequence comprises the amino acid

sequence:
XIXXC-G-XC or

wherein

X' is selected from proline (P) and glutamic acid (E),

X~ is selected from valine (V), leucine (L) and phenylalanine (I),

X° is selected from leucine (L), alanine (A) and glutamic acid (E), and
X is selected from glycine () and proline (P), or 1s absent,

but with the proviso that the lower hinge does not consist of a wild type 1g(G2 lower hinge

SCUUEINCC.

0. The method of any one of claims 1 to 5, wherein the lower hinge sequence comprises an

amino acid sequence selected from the group consisting of: ELLGG, EFLGG, EFLGP and EFEGG.

7. The method of any one of claims 1 to 6, wherein the immunotherapeutic protein binds to and

activates FcyRIIb to recruit FcyRIIb inhibitory function.
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3. The method of any one of claims 1 to 6, wherein the immunotherapeutic protein binds to

FcyRIIb to induce FceyRIIb-mediated endocytosis/internalisation ("sweeping").

9. The method of any one of claims 1 to 6, wherein the immunotherapeutic protein binds to

FcyRIIb to induce FcyRIIb-mediated scattolding.

10. The method of any one of claims 1 to 9, wherein the immunotherapeutic protein further
comprises S267E and/or L328F amino acid substitution(s) (EU numbering) in the CH2 region of the at

least one of the heavy chain polypeptide.

11. The method of any one of claims 1 to 9, wherein the lower hinge sequence comprises the

amino acid sequence EFLGG.

12. The method of any one of claims 1 to 9, wherein the lower hinge sequence comprises the
amino acid sequence EFEGG and the immunotherapeutic protein further comprises S267E and/or
L328F amino acid substitution(s) (EU numbering) in the CH2 region of the at least one heavy chain

polypeptide.

13. The method of any one of claims 1 to 9, wherein the immunotherapeutic protein includes no

turther mutation(s) within the constant heavy region ot the heavy chain polypeptides.
14. The method of claim 10 or 12, wherein the subject is homozygous for FcyRIla-H'"™".

15. The method of any one of claims 1 to 14, wherein the immunotherapeutic protein 1s a human

or humanised monoclonal antibody (mADb).

16. The method of any one of claims 1 to 15, wherein the disease or condition to be treated 1s
selected trom allergic diseases, autoommune diseases and conditions, other inflammatory diseases,

infectious diseases and proliferative diseases.

17. The method of claim 16, wherein the disease or condition to be treated 1s an allergic disease
and the immunotherapeutic protein comprises an antigen binding region which specifically binds to an

allergen.

13. The method of claim 17, wherein the immunotherapeutic protein mediates FcyRIIb-dependant

inhibition of allergic basophil activation by IgE.
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19. The method of claim 17, wherein the disease or condition to be treated 1s an autormmune
disease and the immunotherapeutic protein comprises an antigen binding region which speciftically

binds to an autoantigen.

20). The method of claim 19, wherein the autoimmune disease 1s systemic lupus erythematosus

(SLE) or multiple sclerosis (MS).

21. The method of any one of claims 1 to 16, wherein the disease or condition to be treated 1s a
cancer and the immunotherapeutic protein comprises an antigen binding region which specifically

binds to a cancer antigen.

22. The method of any one of claims 1 to 16, wherein the immunotherapeutic protein comprises
an antigen binding region which specitically binds to:

(a) an antigen;

(b) an antibody bound to an activating receptor;

(¢) an antibody (ligand) binding domain of an activating receptor;

(d) a subunit of an activating receptor;

(e) an antigen bound to an immunoglobulin component of a BCR complex; or

(f) a subunit of a BCR complex or an associated Ig-a or [3 chains.

23. Use of an immunotherapeutic protein as defined 1n any one of claims 1 to 22, for treating a

disease or condition wherein binding to and/or activation of FcyRIIb 1s beneficial.

24. Use of an immunotherapeutic protein as defined in any one of claims 1 to 22, in the

manufacture of a medicament for treating a disease or condition wherein binding to and/or activation

of FcyRIIb 1s beneficial.

23. A pharmaceutical composition or medicament comprising an immunotherapeutic protein as
defimed 1n any one of claims 1 to 22, and a pharmaceutically acceptable carrier, diluent and/or

excipient.



WO 2022/133543

FIGURE 1

FeyRllb

o :IE:=.

e
.

Mo
>
1

'f

72 I

gl
o>
77

s
e

- LI
|||||
L] L

.

7

=T or T

2y

k& )
.

T DRI
Y B
BN NN IR R
bty RO

Pl

Avidity (K,,,/10° M)

%%
%7

7
%

is?
I.d"'
-
o
Yo

b
4
?-»:-:
o
//r‘
-
ol

g ™
o n

—
LN

Avidity {Kpp10° M)
=

M

AVIdItY (K 5,/10° M)

PCT/AU2021/051548

1/10

FcyRila R131

'hl I"\:.‘ - -‘:F - " » : s :‘::. - \“ '\
oY ﬁ:’?‘ d..f? 32 £ &
N A N T < RN S
XK X
;_j_ﬁ" b ) ] r:'“-:ah :’:\’E"‘c
DB AT Ny

23

% 20
2
2 |
g |
= ﬂ §
@ﬁh -'

Frl S

AN
AN
o,
SR
By

NN
Y

rrrrrrr



WO 2022/133543 PCT/AU2021/051548
2/10

FIGURE 2

90 - e g --- lgG2 - FLGG
e R o 1gG2 - LLGG
— 1gG2 - FEGG
~ lgG4 - LLGG
— 1gG4 - WT
e .
~ |gG4 « FEGG
— 1gG2 - WT

bition

= 45

% inhi

1.0 1.5 2.0
pg/mi 1gG



WO 2022/133543 PCT/AU2021/051548

3/10
FIGURE 3
A %
"“%jjjilii:ll:: ® o IgG2-FLGG - SELF
- -~ 1gG2 - FEGG - SELF
545 RN ¥ — 1gG2-FLGG
E “ . ) ‘ ' ~ jqG2 - FEGG
-8 ] [ — 1gG2 - WT
2.0

°0 <=~ 9G4 - SELF

60 -~- lgG4 - FEGG - SELF
S — 1gG4 - FEGG
% 10 -~ g4 - LLGG
2 — 1gG4 - WT

20




WO 2022/133543

FIGURE 4

>

Binding Affinity (M™)

Binding Affinity (M)

10°

10°

108

107

10°

10°

N,
&

rsFcyRilb 1:1 Langmuir fit

Y O & 0 K K & |
& OO F
O O O & W QV (j?
o o
O O

rstcyRlib Steady State Fit

4/10

00

Binding Affinity (M)

Binding Affinity (M)

107

16°

10°

104

10°

10°

16°

1G°

10°

PCT/AU2021/051548

rsFeyRlta R131 1:1 Langmuir fit

5

.u%@m




WO 2022/133543 PCT/AU2021/051548
S/10

x i

E X

L o

© =

{ - ;: SRR
u >
- SR I

| e e e— —

3 & ) o = ' = = = = o e

O {, ]V 087" %3 Aapray {, N 01/ ")) Auigy

e
Lt o oy .
:i"' |.ﬂ k‘\\t\ \%\\ Ny
N ﬁ\. \h" iy
™ NI
SN
S N Ny
T . St
W TR
ot \:’:' _ -\1- (|
""q;:.:ﬁ., ‘-.-"'-.ﬁ
B, T

L] 1 ok mw ok owo& [ ] L] L] e d bk =&
L I ] L] ] E h Bk sk ] ] L LI ]
L ' % 4+ ¥ L L L] L 1 + ¥ F ¥
- - mmEEowm - - - - oW m oEm
. ok sk sl k. . e, L N ) L] ] L] LN W B L] L] L I )
] Bl Bk 4 Ew R ] L] ] = 4 B b &
- - L - - - - 1 or %
L N ) L] ] L] LN W B L] L] LI I )
= [ ' ¥ - = = - = [ B LY

et W

FcyRlla R131
5
£
FcyRllla V158

ms & 8 w s § 8

{, N 007" “°5) Ap1ay {, N 0L/ 3) Anpiay

FcyRIlb

vk
FecyRllla F138

Lo b
= L=
i

=
- et L. L I
n# g

(WA 019 ) Aypiay (N 401/ “®M) Alip1ay

200

FIGURE 3

<X




WO 2022/133543

FIGURE 6

hFcyRib

A

1003000

® lgG2Z
B8 1gG2-FLGG
sooos| # 19G2-FLGG SELF N
¥ IgG2FEGG SELF
+ lgG1-8ELF TR
80080 }\r T 4

PAF

40994

0 HR- - : : 7 -
Antibody Concentration (pg/mi}

hFcyRlia H131

100000
goooo] N igG2
8 igG2-FLGG
60000 & QG2-FLGG SELF
. F igG2-+EGHG SELF
= % {gG1-8SELF
400004
20000

o T By Ry R

Antibody Concentration {pgimi}

E

hicyRIlHa F158

100000
20000 |
¥ {gla2
8 lgG2-FLGG
—_— BO0Us

& 1gG2-FLGG SELF
¥ 1gG2-FEGG SELF
> {gG1-SELF

MF

43000
20000
e e L _ _ -
0 3 2 a 4 5

6/10

pF

PCT/AU2021/051548

B hFcyRila R131

TOHGY

RGO

20600 iﬁq} T gl
¥ 8 IG2-FLGEG
(i & IgG2-FLGG SELF
¥ IgG2-FEGG SELF
+ lgei-SELF

1 £ J 4 3

Antibody Concentration {pgimi)

D  hFcyRI
& IgG2

jonon ., 8 IgG2-HLGG
& IgG2-FLGG SELF
# IgG2-FEGL SELF
+ IgG1-SELF

Antibody Concentration {pag/mi}

2

hEcyRIia V158

100008
80008
& g6l
e 8 igGa-FLGG
§0000

& 1gG2-FLGG SELF
¥ igG2-FEGG SELF

20840

o % 3 3 a E
Antibody Concentration {(ug/mi)



WO 2022/133543 PCT/AU2021/051548
7/10

FIGURE 7

45+

> W S . e aen o

Tg*““““““““'\ﬁ N lgG1 - SELF

S 8
S % 1gG2 - FEGG - SELF
5 | ®, 1gG2 « FLOG - SELF
£ : 19G2 - FLGG
= V¢ 19G2 - LLGG
# "# lgG2 - FEGG
0 TR IgG2 « WT
0
50-
o #-ﬂ“““#ﬁﬂl-wﬂ.ﬂ - ~~- g4 - JELF
E é o w“’”ﬂy -~ laglad - FEGO - SELF
2 254 e __ _
;..E E <%} s . |g34 RN cie
;; — lgG4 - WT

tgG (pa/mi)



PCT/AU2021/051548

8/10

WO 2022/133543

FIGURE 8

400

300

g
i Lk
_________________________________________________________ ey
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | % m ...% 3
;X 4 M ' % v m s 3. _% @
& , % , 5 B 5 2 L.
: . . R i, | rx
P % y ¥ s 4 4 « ¥ . . e
™ S g
: e 2 m “ o
. A .

180

..............................
..............................
L el
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
1111111111111111111111111111111 + w ﬂ
llllllllllllllllllllllllllllll . L)
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
111111111111111111111111111111111111111111111111111111111111
L‘- P
¥ T-
L ol o o g ot ot o o ﬂ\v
- L] L] - “q
it - | ST Y r
- ] . . - E | I |
A ALY 13k4 Ko 3 3 oo ~ A R~ (<= b
_u.x _‘ " . 1 . ._.‘ : o,
. " ..“ P F g e | L . o =
- - - . ) ”R" r . .
ﬁ. e mh. ﬁu

{wu gBEfOrPE] ¥0id | 8D

<l 0 J

200
Time (sec)



WO 2022/133543 PCT/AU2021/051548
9/10

FIGURE 9
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<130>
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<151>

<160>
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SEQUENCE LISTING
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MODIFIED IMMUNOGLOBULIN WITH AFFINITY FOR FcGAMMARIIb AND METHOD
OF USE THEREOF

55982PCT

AU2020904823
2020-12-23

31

PatentIn version 3.5
1

5

PRT

Homo sapiens

1

Glu Leu Leu Gly Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

2

5

PRT

Artificial Sequence

Mutant lower hinge sequence derived from human IgG4

2

Glu Phe Leu Gly Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

5

3

5

PRT

Artificial Sequence

Mutant lower hinge sequence



<400>

3

Glu Phe Glu Gly Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5

4
5

PRT

Artificial Sequence

Lower hinge sequence

MISC_FEATURE
(1)..(1)

Xaa can be proline (P) or glutamic acid (E)

MISC_FEATURE
(2)..(2)

Xaa can be valine (V), leucine (L) or phenylalanine (F)

MISC_FEATURE
(3)..(3)

Xaa can be leucine (L), alanine (A) or glutamic acid (E)

MISC_FEATURE

(5)..(5)
Xaa can be glycine (G) or proline (P)

4
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<210>
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<220>
<223>
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5
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Artificial Sequence

Lower hinge sequence



<400>

5

Glu Phe Leu Gly Pro

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

6

4

PRT

Artificial Sequence

Mutant lower hinge sequence

6

Phe Leu Gly Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7

4

PRT

Artificial Sequence

Mutant lower hinge sequence

7

Leu Leu Gly Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8

4

PRT

Artificial Sequence

Mutant lower hinge sequence

8

Phe Glu Gly Gly

1

<210>
<211>

9
4



<212>
<213>

<400>

PRT
Homo sapiens

9

Cys Pro Pro Cys

1

<210>
<211>
<212>
<213>

<400>

10

PRT
Homo sapiens

10

Pro Glu Leu Leu Gly Gly

1

<210>
<211>
<212>
<213>

<400>

5

11

PRT
Homo sapiens

11

Pro Pro Val Ala Gly

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

12

6

PRT

Artificial Sequence

FEGG lower hinge sequence

12

Pro Glu Phe Glu Gly Gly

1

<210>
<211>
<212>
<213>

5

13

6

PRT

Homo sapiens



<400> 13

Pro Glu Phe Leu Gly Gly

1

210> 14
<211> 4
<212> PRT
<213> Homo
<400> 14
Pro Val Ala
1

<210> 15

<211> 1398
<212> DNA
<213>

<220>
<223>

<400> 15
aagcttacca

gaggtgcagt
acatgtagtg
ccaggaaaca
cccagcctga
cacctgaaca
gatgtgttcg
ggccctageg
ttgggctgcet
gctctgacca
ctgagcagtg

gtcgatcata

5

sapiens

Gly

tggtgcttag
tgcaggaatc
tgaccggtga
aactcgaata
gaagcagaat
gcgtaacaac
catactgggg
tctttccact
tggtgaagga
gtggagtgca
tggtaactgt

aacccagtaa

Artificial Sequence

Anti-TNP mAb formatted as

tttgctgtat
tggtcccagt
cagcattaca
catggggttc
ttctataacc
ggaagacacc
ccagggcact
cgccccatgt
ttacttccca
cacctttccc
gccctegagce

cacaaaggta

IgG2-FEGG-SELF variant

ctgctcaccg
ctagttaagc
agcggctact
atcaattaca
agagacacca
gccacctatt
ctggtgacgg
tcaagaagca
gagcctgtca
gcegtgttac
aattttggta

gacaagacag

ccctgectgg
ccagccagac
ggaactggat
gtggcaatac
gcaaaaacca
actgcgccag
tgagcgccgc
ccagcgagtc
ctgtcagctg
agagcagcgg
cccagaccta

tcgaaagaaa

aatcctgagc
actgagcctg
cagacaggtg
ttactataat
gtactttctg
ggccaactgg
gtcgacaaaa
aactgcggct
gaatagcggg
cctctatagc
tacatgcaat

atgctgtgtg

60

120

180

240

300

360

420

480

540

600

660

720



gagtgccctc
cctaaaccga
gacgtagagc
cataatgcaa
gttctgactg
aacaaaggtt
gagccacagg
ctgacctgtc
ggccaacccg
ttcctgtact
tgctcagtga
ttaggaaaat
<210>
<211>

<212>
<213>

16
460
PRT

<220>

<223>

<400> 16

Met Val Leu Ser Leu Leu Tyr Leu Leu Thr

1

Ser Glu Val Gln

Gln Thr Leu Ser Leu Thr Cys Ser Val Thr

35

Gly Tyr Trp Asn

50

Anti-TNP

cttgcceccgce
aagacaccct
atgaagaccc
aaactaagcc
tcgtgcacca
ttcccgetcec
tgtatactct
tggtgaaagg
agaacaacta
caaaactgac
tgcacgaagc

gatctaga

5

20

ccccgagttt
gatgatcagc
ggaggtgcaa
acgggaggaa
agattggctg
aattgagaaa
gccgectage
cttctacccc
caagactacg
cgtggacaaa

gctgcacaat

Artificial Sequence

Leu Gln Glu Ser Gly Pro

40

Trp Ile Arg Gln Val Pro

55

gageeeessc

aggacaccag
ttcaactggt
cagttcaata

aacgggaagsg

acaatttcta
agggaggaaa
agcgatatcg
ccccccatge
agcagatggc

cattatactc

mAb formatted as IgG2-FEGG-SELF

Ala
10

Ser
25

Gly

Gly

cttcggtttt
aagtgacatg
atgttgatgg
gcacattcag
aatacaagtg
agaccaaagg
tgaccaagaa
cagttgagtg
ttgatagcga
agcagggaaa

agaaaagcct

variant

Leu Pro Gly

Leu Val Lys

30

Ser Ile
45

Asp

Asn
60

Lys Leu

tctttttcca
tgtcgtcegtg
tgtggaagtg
agtagttagc
taaggtgagc
acagccccgg
ccaggtgagc
ggagagcaat
cggatcattt
cgttttcagt

gagcttgagc

Ile Leu

15

Pro Ser

Thr Ser

Glu Tyr

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1398



Met

65

Arg

Leu

Ala

Val

Ala

145

Leu

Gly

Ser

Phe

Thr

225

Pro

Pro

Gly

Ser

His

Arg

Thr

130

Pro

Val

Ala

Gly

Gly

210

Lys

Cys

Pro

Phe

Arg

Leu

Ala

115

Val

Cys

Lys

Leu

Leu

195

Thr

Val

Pro

Lys

Ile

Ile

Asn

100

Asn

Ser

Ser

Asp

Thr

180

Tyr

Gln

Ala

Pro

Asn

Ser

85

Ser

Trp

Ala

Arg

Tyr

165

Ser

Ser

Thr

Lys

Pro

245

Lys

Tyr

70

Ile

Val

Asp

Ala

Ser

150

Phe

Gly

Leu

Tyr

Thr

230

Glu

Asp

Ser

Thr

Thr

Val

Ser

135

Thr

Pro

Val

Ser

Thr

215

Val

Phe

Thr

Gly

Arg

Thr

Phe

120

Thr

Ser

Glu

His

Ser

200

Cys

Glu

Glu

Leu

Asn

Asp

Glu

105

Ala

Glu

Pro

Thr

185

Val

Asn

Arg

Gly

Met

Thr

Thr

90

Asp

Tyr

Gly

Ser

Val

170

Phe

Val

Val

Lys

Gly

250

Ile

Tyr

75

Ser

Thr

Trp

Pro

Thr

155

Thr

Pro

Thr

Asp

Cys

235

Pro

Ser

Tyr

Lys

Ala

Gly

Ser

140

Ala

Val

Ala

Val

His

220

Cys

Ser

Arg

Asn

Asn

Thr

Gln

125

Val

Ala

Ser

Val

Pro

205

Lys

Val

Val

Thr

Pro

Gln

Tyr

110

Gly

Phe

Leu

Trp

Leu

190

Ser

Pro

Glu

Phe

Pro

Ser

Tyr

95

Tyr

Thr

Pro

Gly

Asn

175

Gln

Ser

Ser

Cys

Leu

255

Glu

Leu

80

Phe

Cys

Leu

Leu

Cys

160

Ser

Ser

Asn

Asn

Pro

240

Phe

Val



Thr

Asn

Arg

305

Val

Ser

Lys

Glu

Phe

385

Glu

Phe

Gly

Tyr

Cys

Trp

290

Glu

Val

Asn

Gly

Glu

370

Tyr

Asn

Phe

Asn

Thr
450

Val

275

Tyr

Glu

His

Lys

Gln

355

Met

Pro

Asn

Leu

Val

435

Gln

260

Val

Val

Gln

Gln

Gly

340

Pro

Thr

Ser

Tyr

Tyr

420

Phe

Lys

Val

Asp

Phe

Asp

325

Phe

Arg

Lys

Asp

Lys

405

Ser

Ser

Ser

Asp

Gly

Asn

310

Trp

Pro

Glu

Asn

Ile

390

Thr

Lys

Cys

Leu

Val

Val

295

Ser

Leu

Ala

Pro

Gln

375

Ala

Thr

Leu

Ser

Ser
455

Glu

280

Glu

Thr

Asn

Pro

Gln

360

Val

Val

Pro

Thr

Val

449

Leu

265

His

Val

Phe

Gly

Ile

345

Val

Ser

Glu

Pro

Val

425

Met

Ser

Glu

His

Arg

Lys

330

Glu

Tyr

Leu

Trp

Met

410

Asp

His

Leu

Asp

Asn

Val

315

Glu

Lys

Thr

Thr

Glu

395

Leu

Lys

Glu

Gly

Pro

Ala

300

Val

Tyr

Thr

Leu

Cys

380

Ser

Asp

Ser

Ala

Lys
460

Glu

285

Lys

Ser

Lys

Ile

Pro

365

Leu

Asn

Ser

Arg

Leu
445

270

Val

Thr

Val

Cys

Ser

350

Pro

Val

Gly

Asp

Trp

430

His

Gln

Lys

Leu

Lys

335

Lys

Ser

Lys

Gln

Gly

415

Gln

Asn

Phe

Pro

Thr

320

Val

Thr

Arg

Gly

Pro

400

Ser

Gln

His



<210>
<211>
<212>
<213>

17
1398
DNA

<220>
<223>

<400> 17
aagcttacca

gaggtgcagt
acatgtagtg
ccaggaaaca
cccagcctga
cacctgaaca
gatgtgttcg
ggccctageg
ttgggctgct
gctctgacca
ctgagcagtg
gtcgatcata
gagtgccctc
cctaaaccga
gacgtagagc
cataatgcaa
gttctgactg
aacaaaggtt

gagccacagg

ctgacctgtc

tggtgcttag
tgcaggaatc
tgaccggtga
aactcgaata
gaagcagaat
gcgtaacaac
catactgggg
tctttccact
tggtgaagga
gtggagtgca
tggtaactgt
aacccagtaa
cttgccccge
aagacaccct
atgaagaccc
aaactaagcc
tcgtgcacca
ttcccgetcec

tgtatactct

tggtgaaagg

Artificial Sequence

Anti-TNP mAb formatted as

tttgctgtat
tggtcccagt
cagcattaca
catggggttc
ttctataacc
ggaagacacc
ccagggcact
cgccccatgt
ttacttccca
cacctttccc
gccctegagce
cacaaaggta
ccccgagttt
gatgatcagc
ggaggtgcaa
acgggaggaa
agattggctg
aattgagaaa
gccgectagce

cttctacccc

IgG2-FLGG-SELF variant

ctgctcaccg
ctagttaagc
agcggctact
atcaattaca
agagacacca
gccacctatt
ctggtgacgg
tcaagaagca
gagcctgtca
gcegtgttac
aattttggta
gacaagacag
ctgeggeggsc
aggacaccag
ttcaactggt
cagttcaata

aacgggaagg

acaatttcta

agggaggaaa

agcgatatcg

ccctgectgg
ccagccagac
ggaactggat
gtggcaatac
gcaaaaacca
actgcgccag
tgagcgccgc
ccagcgagtc
ctgtcagctg
agagcagcgg
cccagaccta
tcgaaagaaa
cttcggtttt
aagtgacatg
atgttgatgg
gcacattcag
aatacaagtg
agaccaaagg
tgaccaagaa

cagttgagtg

aatcctgagc
actgagcctg
cagacaggtg
ttactataat
gtactttctg
ggccaactgg
gtcgacaaaa
aactgcggct
gaatagcggg
cctctatagc
tacatgcaat
atgctgtgtg
tctttttcca
tgtcgtegtg
tgtggaagtg
agtagttagc
taaggtgagc
acagccccgg
ccaggtgagc

ggagagcaat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



ggccaacccg agaacaacta caagactacg ccccccatge ttgatagecga cggatcattt 1260

ttcctgtact caaaactgac cgtggacaaa agcagatggc agcagggaaa cgttttcagt 1320
tgctcagtga tgcacgaagc gctgcacaat cattatactc agaaaagcct gagcttgagc 1380
ttaggaaaat gatctaga 1398
<210> 18

<211> 463

<212> PRT

<213> Artificial Sequence

<220>
<223> Anti-TNP mAb formatted as IgG2-FLGG-SELF variant

<400> 18
Lys Leu Thr Met Val Leu Ser Leu Leu Tyr Leu Leu Thr Ala Leu Pro
1 5 10 15

Gly Ile Leu Ser Glu Val Gln Leu Gln Glu Ser Gly Pro Ser Leu Val
20 25 30

Lys Pro Ser Gln Thr Leu Ser Leu Thr Cys Ser Val Thr Gly Asp Ser
35 40 45

Ile Thr Ser Gly Tyr Trp Asn Trp Ile Arg Gln Val Pro Gly Asn Lys
50 55 60

Leu Glu Tyr Met Gly Phe Ile Asn Tyr Ser Gly Asn Thr Tyr Tyr Asn
65 70 75 80

Pro Ser Leu Arg Ser Arg Ile Ser Ile Thr Arg Asp Thr Ser Lys Asn
85 90 95

Gln Tyr Phe Leu His Leu Asn Ser Val Thr Thr Glu Asp Thr Ala Thr
100 105 110

Tyr Tyr Cys Ala Arg Ala Asn Trp Asp Val Phe Ala Tyr Trp Gly Gln
115 120 125



Gly

Phe

145

Leu

Trp

Leu

Ser

Pro

225

Glu

Phe

Pro

Val

Thr

305

Val

Thr

130

Pro

Gly

Asn

Gln

Ser

210

Ser

Cys

Leu

Glu

Gln

290

Lys

Leu

Leu

Leu

Cys

Ser

Ser

195

Asn

Asn

Pro

Phe

Val

275

Phe

Pro

Thr

Val

Ala

Leu

Gly

180

Ser

Phe

Thr

Pro

Pro

260

Thr

Asn

Arg

Val

Thr

Pro

Val

165

Ala

Gly

Gly

Lys

Cys

245

Pro

Cys

Trp

Glu

Val

Val

Cys

150

Lys

Leu

Leu

Thr

Val

230

Pro

Lys

Val

Tyr

Glu

310

His

Ser

135

Ser

Asp

Thr

Tyr

Gln

215

Asp

Ala

Pro

Val

Val

295

Gln

Gln

Ala

Arg

Tyr

Ser

Ser

200

Thr

Lys

Pro

Lys

Val

280

Asp

Phe

Asp

Ala

Ser

Phe

Gly

185

Leu

Tyr

Thr

Glu

Asp

265

Asp

Gly

Asn

Trp

Ser

Thr

Pro

170

Val

Ser

Thr

Val

Phe

250

Thr

Val

Val

Ser

Leu

Thr

Ser

155

Glu

His

Ser

Cys

Glu

235

Leu

Leu

Glu

Glu

Thr

315

Asn

Lys

140

Glu

Pro

Thr

Val

Asn

220

Arg

Gly

Met

His

Val

300

Phe

Gly

Gly

Ser

Val

Phe

Val

205

Val

Lys

Gly

Ile

Glu

285

His

Arg

Lys

Pro

Thr

Thr

Pro

190

Thr

Asp

Cys

Pro

Ser

270

Asp

Asn

Val

Glu

Ser

Ala

Val

175

Ala

Val

His

Cys

Ser

255

Arg

Pro

Ala

Val

Tyr

Val

Ala

160

Ser

Val

Pro

Lys

Val

240

Val

Thr

Glu

Lys

Ser

320

Lys



325 330 335

Cys Lys Val Ser Asn Lys Gly Phe Pro Ala Pro Ile Glu Lys Thr Ile
340 345 350

Ser Lys Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
355 360 365

Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
370 375 380

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn
385 390 395 400

Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser
405 410 415

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg
420 425 430

Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu
435 440 445

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys
450 455 460

<210> 19

<211> 723

<212> DNA

<213> Artificial Sequence

<220>
<223> Chimeric anti-TNP light chain

<400> 19
atggattccc aggcccaggt gctcatgetg ttactcctgt gggtctccgg aacctgeggce 60
gacatagtga tgtcacagag cccaagcagc cttgcagtgt ctgttggtga gaaggtgacc 120

atgagctgca agtcaagcca gagcctgctc tatagcagca atcagaagaa ctatttggcc 180



tggtatcaga
gagtccggeg
atctcgtctg
ccctacactt
gtcttcatct
ctgctaaaca
caaagtggaa
ttgtcaagca
gaagttacgc
tag

<210>
<211>

<212>
<213>

20
240
PRT

<220>

<223> Chim

<400> 20
Met Asp Ser
1

Gly Thr Cys

Val Ser Val
35

Leu Leu Tyr
50

Lys Pro Gly
65

gaaaacccgg
tgccggacag
taaaggccga
tcggaggege
tccctecccag
atttttaccc
attctcagga
ccctgacgcet

accaaggact

eric

Gln Ala Gl

Gly Il

20

Asp

Gly Glu Ly

Ser Ser As

Gln Pr

70

Ser

ccagagccct
atttaccggc
agacctggca
gaccaaactg
cgatgaacag
acgggaggcc
gtccgtcaca
gagcaaagcc

gagtagccca

Artificial Sequence

n Val Leu

e Val

Met

Thr
40

s Val

n Gln
55

Lys

0 Lys Leu

aagctcctta
agcggtageg
gtgtattact
gaaattaagc
ctgaaaagtg
aaagtgcagt
gagcaggact
gattacgaga

gtcacaaaga

anti-TNP light chain

Met Leu Leu

10

Ser Gln Ser

25

Met Ser Cys

Asn Tyr Leu

Leu Ile Tyr

75

tttattgggc
gcaccgattt
gtcaacatta
gtacggttgc
ggacagcgag
ggaaagtgga
cgaaggacag
agcacaaggt

gcttcaacag

Leu Leu Trp

Ser
30

Pro Ser

Ser Ser

45

Lys

Ala
60

Trp Tyr

Trp Ala Ser

tagcacacgc
tactttgacc
ttactcatct
tgccecttet
tgtagtgtgc
caacgctctg
cacttacagc
gtacgcatgc

gggggaatgt

Val
15

Ser

Leu Ala

Gln Ser

Gln Arg

Thr Arg

80

240

300

360

420

480

540

600

660

720

723



Glu

Phe

Tyr

Lys

Pro

145

Leu

Asp

Asp

Lys

Gln
225

Ser

Thr

Cys

Leu

130

Pro

Leu

Asn

Ser

Ala

210

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gly

Leu

Gln

115

Glu

Ser

Asn

Ala

Lys

195

Asp

Leu

21
1404
DNA

Val

Thr

100

His

Ile

Asp

Asn

Leu

180

Tyr

Ser

Pro

85

Ile

Tyr

Lys

Glu

Phe

165

Gln

Ser

Glu

Ser

Asp

Ser

Tyr

Arg

Gln

150

Tyr

Ser

Thr

Lys

Pro
230

Arg

Ser

Ser

Thr

135

Leu

Pro

Gly

Tyr

His

215

Val

Artificial Sequence

Phe

Val

Ser

120

Val

Lys

Arg

Asn

Ser

200

Lys

Thr

Thr

Lys

105

Pro

Ala

Ser

Glu

Ser

185

Leu

Val

Lys

Anti-IgE formatted as IgG4

21

Gly

90

Ala

Tyr

Ala

Gly

Ala

170

Gln

Ser

Tyr

Ser

Ser

Glu

Thr

Pro

Thr

155

Lys

Glu

Ser

Ala

Phe
235

Gly

Asp

Phe

Ser

140

Ala

Val

Ser

Thr

Cys

220

Asn

Ser

Leu

Gly

125

Val

Ser

Gln

Val

Leu

205

Glu

Arg

Gly

Ala

110

Gly

Phe

Val

Trp

Thr

190

Thr

Val

Gly

Thr

95

Val

Gly

Ile

Val

Lys

175

Glu

Leu

Thr

Glu

Asp

Tyr

Thr

Phe

Cys

160

Val

Gln

Ser

His

Cys
240



atgggctggt
gtgcagctgg
tgtgccgtgt
cctggcaagg
cccagcgtga
caaatgaaca
tacttcggcec
gcgtcgacaa
agtacagctg
tggaatagtg
ggcctgtata
tatacatgca
aagtacggcc
tttctgttec
tgcgtggttg
ggcgtggagg
agagtagtat
tgtaaagtga
ggtcaacccc
aatcaggtga
tgggagagca
gacggatctt
aatgttttca

ctgagcttga

<210> 22

cctgcatcat
tggaatctgg
ccggctacag

gactggaatg

agggccggat
gcctgegggce
actggcactt
aaggtcccag
ccctgggatg
gcgccctgac
gcctgagcag
acgtggacca
cccecctgecc
ccccgaagcec
tggacgtcag
tgcacaatgc
ctgtgctgac
gcaacaaggg

gggagcccca

gcctgacctg
atgggcaacc
tcttcttgta
gctgtagegt

gcttaggaaa

cctgtttetg
cggeggactg
catcaccagc
ggtggcctcec
caccatcagc
cgaggacacc
tgccgtgtgg
cgtgtttccc
cctggtgaaa
ctcgggegtg
tgtggtgact
taagcctagc
tagctgtccc
taaagatacc
ccaggaagat
taagacaaag
cgtgctgeac
cttacccagt
ggtgtacacc
cctggtgaag
agagaataac
ttcgeggctg
tatgcacgaa

atga

gtggccacag
gtgcagcctg
ggctactctt
atcacctacg
agggacgaca
gccgtgtact
ggccagggaa
ctggctectt
gattattttc
catacttttc
gttccgtcta
aatactaagg
gcacctgagt
ctgatgatca
cctgaggtgc
ccccgegaag
caggattggc
agcatcgaga
ctgcctecga
ggattttacc
tacaaaacga
actgtggaca

gcgctgeaca

ccaccggegt
gcggatctcet
ggaactggat
acggcagcac
gcaagaacac
attgtgccag
caacggtcac
gtagcagaag
ccgagcccgt
ccgctgttcet
gcagcctggg
tagataagcg
ttctaggcgg
gcagaacacc
agttcaattg
agcaattcaa
tgaacggcaa
agaccattag
gccaagagga
ccagcgatat
ccccaccagt
agagcagatg

atcattatac

gcactctgaa
gagactgagc
ccggcaggcec
caactacaac
attctacctg
aggcagccac
cgtgtctgea
cacgtcagaa
taccgtttcc
gcagagcagc
taccaagact
agtggagagc
gcccagegtg
cgaagtgacc
gtacgtggac
cagcacatat
ggaatacaaa
caaagcaaaa
aatgacaaag
tgctgtggag
attagactcg
gcaagagggc

tcagaaaagc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1404



<211>
<212>
<213>

<220>
<223>

<400>

467
PRT

Artificial Sequence

Anti-

22

Igk

formatted as IgG4

Met Gly Trp Ser Cys

1

Val

Pro

Thr

Leu

65

Pro

Thr

Tyr

Val

Gly

145

Ser

His

Gly

Ser

50

Glu

Ser

Phe

Tyr

Trp

130

Pro

Thr

Ser

Gly

35

Gly

Trp

Val

Tyr

Cys

115

Gly

Ser

Ala

Glu

20

Ser

Tyr

Val

Lys

Leu

100

Ala

Gln

Val

Ala

5

Val

Leu

Ser

Ala

Gly

85

Gln

Arg

Gly

Phe

Leu

Ile

Gln

Arg

Trp

Ser

70

Arg

Met

Gly

Thr

Pro

150

Gly

Ile

Leu

Leu

Asn

55

Ile

Ile

Asn

Ser

Thr

135

Leu

Cys

Leu

Val

Ser

40

Trp

Thr

Thr

Ser

His

120

Val

Ala

Leu

Phe

Glu

25

Cys

Ile

Tyr

Ile

Leu

105

Tyr

Thr

Pro

Val

Leu

10

Ser

Ala

Arg

Asp

Ser

90

Arg

Phe

Val

Cys

Lys

Val

Gly

Val

Gln

Gly

75

Arg

Ala

Gly

Ser

Ser

155

Asp

Ala

Gly

Ser

Ala

60

Ser

Asp

Glu

His

Ala

140

Arg

Tyr

Thr

Gly

Gly

45

Pro

Thr

Asp

Asp

Trp

125

Ala

Ser

Phe

Ala

Leu

30

Tyr

Gly

Asn

Ser

Thr

110

His

Ser

Thr

Pro

Thr

15

Val

Ser

Lys

Tyr

Lys

95

Ala

Phe

Thr

Ser

Glu

Gly

Gln

Ile

Gly

Asn

80

Asn

Val

Ala

Lys

Glu

160

Pro



Val

Phe

Val

Val

225

Lys

Gly

Ile

Glu

His

305

Arg

Lys

Glu

Thr

Pro

Thr

210

Asp

Tyr

Pro

Ser

Asp

290

Asn

Val

Glu

Lys

Val

Ala

195

Val

His

Gly

Ser

Arg

275

Pro

Ala

Val

Tyr

Thr
355

Ser

180

Val

Pro

Lys

Pro

Val

260

Thr

Glu

Lys

Ser

Lys

340

Ile

165

Trp

Leu

Ser

Pro

Pro

245

Phe

Pro

Val

Thr

Val

325

Cys

Ser

Asn

Gln

Ser

Ser

230

Cys

Leu

Glu

Gln

Lys

310

Leu

Lys

Lys

Ser

Ser

Ser

215

Asn

Pro

Phe

Val

Phe

295

Pro

Thr

Val

Ala

Gly

Ser

200

Leu

Thr

Ser

Pro

Thr

280

Asn

Arg

Val

Ser

Lys
360

Ala

185

Gly

Gly

Lys

Cys

Pro

265

Cys

Trp

Glu

Leu

Asn

345

Gly

170

Leu

Leu

Thr

Val

Pro

250

Lys

Val

Tyr

Glu

His

330

Lys

Gln

Thr

Tyr

Lys

Asp

235

Ala

Pro

Val

Val

Gln

315

Gln

Gly

Pro

Ser

Ser

Thr

220

Lys

Pro

Lys

Val

Asp

300

Phe

Asp

Leu

Arg

Gly

Leu

205

Tyr

Arg

Glu

Asp

Asp

285

Gly

Asn

Trp

Pro

Glu
365

Val

190

Ser

Thr

Val

Phe

Thr

270

Val

Val

Ser

Leu

Ser

350

Pro

175

His

Ser

Cys

Glu

Leu

255

Leu

Ser

Glu

Thr

Asn

335

Ser

Gln

Thr

Val

Asn

Ser

240

Gly

Met

Gln

Val

Tyr

320

Gly

Ile

Val



Thr
370

Tyr Leu

Leu Thr

385

Cys

Trp Glu Ser

Val Leu Asp

Ser
435

Asp Lys

Glu
450

His Ala

Leu
465

Gly Lys

<210>
<211>
<212>
<213>

23
1401
DNA

<220>
<223>

<400> 23
atgggctggt

gtgcagctgg
tgtgccgtgt
cctggcaagg
cccagcgtga

caaatgaaca

Pro Pro

Leu Val

Ser

Lys

Gln
375

Glu

Phe

390

Asn Gly

405

Ser
420

Asp

Arg Trp

Leu His

cctgcatcat
tggaatctgg
ccggctacag

gactggaatg

agggccggat

gcctgegggc

Gln

Gly

Gln

Asn

Pro Glu

Ser Phe

Glu Gly

449

His
455

Tyr

Artificial Sequence

cctgtttetg
cggeggactg
catcaccagc
ggtggcctcec
caccatcagc

cgaggacacc

Glu Met Thr

Ser
395

Tyr Pro

Asn
410

Asn Tyr

Phe
425

Leu Tyr

Asn Val Phe

Thr Gln Lys

Anti-IgE formatted as IgG2variant

gtggccacag
gtgcagcctg
ggctactctt
atcacctacg

agggacgaca

gcegtgtact

Lys Asn Gln

380

Asp Ile Ala

Lys Thr Thr

Leu
430

Ser Arg

Ser Cys Ser

445

Ser Leu Ser

460

ccaccggegt
gcggatctcet
ggaactggat
acggcagcac
gcaagaacac

attgtgccag

Val Ser

Val Glu

400

Pro Pro

415

Thr Val

Val Met

Leu Ser

gcactctgaa
gagactgagc
ccggcaggcc
caactacaac
attctacctg

aggcagccac

60

120

180

240

300

360



tacttcggcec
gcgtcgacaa
tcaactgcgg
tggaatagcg
ggcctctata
tatacatgca
aaatgctgtg
ctttttccac
gtcgtegteg
gtggaagtgc
gtagttagcg
aaggtgagca
cagccccggg
caggtgagcc
gagagcaatg
ggatcatttt
gttttcagtt
agcttgagcet
<210>
<211>

<212>
<213>

24
466
PRT

<220>

<223>

<400> 24

actggcactt
aaggccctag
ctttgggctg
gggctctgac
gcctgagcag
atgtcgatca
tggagtgccc
ctaaaccgaa
acgtatccca
ataatgcaaa
ttctgactgt
acaaaggtct
agccacaggt
tgacctgtct
gccaacccga
tcctgtactc
gctcagtgat

taggaaaatg

tgccgtgtgg
cgtctttcca
cttggtgaag
cagtggagtg
tgtggtaact
taaacccagt
tccttgeccc
agacaccctg
tgaagacccg
aactaagcca
cgtgcaccaa
gcccgctcca
gtatactctg
ggtgaaaggc
gaacaactac
aaaactgacc
gcacgaagcg

a

Artificial Sequence

ggCccagggaa

ctcgccccat
gattacttcc
cacacctttc
gtgccctcga
aacacaaagg
gcccccccag
atgatcagca
gaggtgcaat
cgggaggaac
gattggctga
attgagaaaa
ccgcctagea
ttctacccca
aagactacgc
gtggacaaaa

ctgcacaatc

Anti-IgE formatted as IgG2variant

caacggtcac
gttcaagaag
cagagcctgt
ccgeegtgtt
gcaattttgg
tagacaagac
tggcegggec
ggacaccaga
tcaactggta
agttcaatag

acgggaagga

caatttctaa
gggaggaaat
gcgatatcgc
cccccatgcet
gcagatggca

attatactca

cgtgtctgea
caccagcgag
cactgtcagc
acagagcagc
tacccagacc
agtcgaaaga
ttcggttttt
agtgacatgt
tgttgatggt
cacattcaga
atacaagtgt
gaccaaagga
gaccaagaac
agttgagtgg
tgatagcgac
gcagggaaac

gaaaagcctg

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly

1

5

10

15

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1401



Val

Pro

Thr

Leu

65

Pro

Thr

Tyr

Val

Gly

145

Ser

Val

Phe

Val

His

Gly

Ser

50

Glu

Ser

Phe

Tyr

Trp

130

Pro

Thr

Thr

Pro

Thr

Ser

Gly

35

Gly

Trp

Val

Tyr

Cys

115

Gly

Ser

Ala

Val

Ala

195

Val

Glu

20

Ser

Tyr

Val

Lys

Leu

100

Ala

Gln

Val

Ala

Ser

180

Val

Pro

Val

Leu

Ser

Ala

Gly

85

Gln

Arg

Gly

Phe

Leu

165

Trp

Leu

Ser

Gln

Arg

Trp

Ser

70

Arg

Met

Gly

Thr

Pro

150

Gly

Asn

Gln

Ser

Leu

Leu

Asn

55

Ile

Ile

Asn

Ser

Thr

135

Leu

Cys

Ser

Ser

Asn

Val

Ser

40

Trp

Thr

Thr

Ser

His

120

Val

Ala

Leu

Gly

Ser

200

Phe

Glu

25

Cys

Ile

Tyr

Ile

Leu

105

Tyr

Thr

Pro

Val

Ala

185

Gly

Gly

Ser

Ala

Arg

Asp

Ser

90

Arg

Phe

Val

Cys

Lys

170

Leu

Leu

Thr

Gly

Val

Gln

Gly

75

Arg

Ala

Gly

Ser

Ser

155

Asp

Thr

Tyr

Gln

Gly

Ser

Ala

60

Ser

Asp

Glu

His

Ala

140

Arg

Tyr

Ser

Ser

Thr

Gly

Gly

45

Pro

Thr

Asp

Asp

Trp

125

Ala

Ser

Phe

Gly

Leu

205

Tyr

Leu
30

Tyr

Gly

Asn

Ser

Thr

110

His

Ser

Thr

Pro

Val

190

Ser

Thr

Val

Ser

Lys

Tyr

Lys

95

Ala

Phe

Thr

Ser

Glu

175

His

Ser

Cys

Gln

Ile

Gly

Asn

80

Asn

Val

Ala

Lys

Glu

160

Pro

Thr

Val

Asn



Val

225

Lys

Pro

Ser

Asp

Asn

305

Val

Glu

Lys

Thr

Thr

385

Glu

210

Asp

Cys

Ser

Arg

Pro

290

Ala

Val

Tyr

Thr

Leu

370

Cys

Ser

His

Cys

Val

Thr

275

Glu

Lys

Ser

Lys

Ile

355

Pro

Leu

Asn

Lys

Val

Phe

260

Pro

Val

Thr

Val

Cys

340

Ser

Pro

Val

Gly

Pro

Glu

245

Leu

Glu

Gln

Lys

Leu

325

Lys

Lys

Ser

Lys

Gln
405

Ser

230

Cys

Phe

Val

Phe

Pro

310

Thr

Val

Thr

Arg

Gly

390

Pro

215

Asn

Pro

Pro

Thr

Asn

295

Arg

Val

Ser

Lys

Glu

375

Phe

Glu

Thr

Pro

Pro

Cys

280

Trp

Glu

Val

Asn

Gly

360

Glu

Tyr

Asn

Lys

Cys

Lys

265

Val

Tyr

Glu

His

Lys

345

Gln

Met

Pro

Asn

Val

Pro

250

Pro

Val

Val

Gln

Gln

330

Gly

Pro

Thr

Ser

Tyr
410

Asp

235

Ala

Lys

Val

Asp

Phe

315

Asp

Leu

Arg

Lys

Asp

395

Lys

220

Lys

Pro

Asp

Asp

Gly

300

Asn

Trp

Pro

Glu

Asn

380

Ile

Thr

Thr

Pro

Thr

Val

285

Val

Ser

Leu

Ala

Pro

365

Gln

Ala

Thr

Val

Val

Leu

270

Ser

Glu

Thr

Asn

Pro

350

Gln

Val

Val

Pro

Glu

Ala

255

Met

His

Val

Phe

Gly

335

Ile

Val

Ser

Glu

Pro
415

Arg

240

Gly

Ile

Glu

His

Arg

320

Lys

Glu

Tyr

Leu

Trp

400

Met



Leu

Lys
435

Glu Ala

450

Gly Lys
465

<210>
<211>
<212>
<213>

25

DNA
<220>
<223>

<400> 25
atgggctggt

gtgcagctgg
tgtgecgtgt
cctggcaagg
cccagcgtga
caaatgaaca
tacttcggcec
gcgtcgacaa
tcaactgcgg
tggaatagcg
ggcctctata

tatacatgca

1404

420

cctgcatcat
tggaatctgg
ccggctacag

gactggaatg

agggccggat
gcctgegggce
actggcactt
aaggccctag
ctttgggctg
gggctctgac
gcctgagceag

atgtcgatca

449

455

Artificial Sequence

cctgtttetg
cggeggactg
catcaccagc
ggtggcctcec
caccatcagc
cgaggacacc
tgccgtgtgg
cgtctttcca
cttggtgaag
cagtggagtg
tgtggtaact

taaacccagt

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser

425

Ser Arg Trp Gln Gln Gly Asn Val Phe Ser

Leu His Asn His Tyr Thr Gln Lys Ser

Anti-IgE formatted as IgG2-FEGG-SELF

gtggccacag
gtgcagcctg
ggctactctt
atcacctacg
agggacgaca
gccgtgtact
ggccagggaa
ctcgccccat
gattacttcc
cacacctttc
gtgccctcga

aacacaaagg

Lys Leu Thr Val Asp

430

Cys Ser Val Met His

445

Leu Ser Leu Ser Leu

460

variant

ccaccggegt
gcggatctcet
ggaactggat
acggcagcac
gcaagaacac
attgtgccag
caacggtcac
gttcaagaag
cagagcctgt
ccgeegtgtt
gcaattttgg

tagacaagac

gcactctgaa
gagactgagc
ccggcaggcc
caactacaac
attctacctg
aggcagccac
cgtgtctgca
caccagcgag
cactgtcagc
acagagcagc
tacccagacc

agtcgaaaga

60

120

180

240

300

360

420

480

540

600

660

720



aaatgctgtg
tttctttttc
tgtgtcgtcg
ggtgtggaag
agagtagtta
tgtaaggtga
ggacagcccc
aaccaggtga
tgggagagca
gacggatcat
aacgttttca
ctgagcttga
<210>
<211>

<212>
<213>

26
467
PRT

<220>

<223>

<400> 26

Met Gly Trp Ser

1

Val His Ser Glu

Pro Gly Gly Ser

35

Thr Ser Gly Tyr

50

Anti-IgE

tggagtgccec
cacctaaacc
tggacgtaga
tgcataatgc
gcgttctgac
gcaacaaagg
gggagccaca
gcctgacctg
atggccaacc
ttttcctgta
gttgctcagt

gcttaggaaa

5

20

Cys Ile Ile

Val Gln Leu

Leu Arg Leu

Ser Trp Asn

tccttgeccc
gaaagacacc
gcatgaagac
aaaaactaag
tgtcgtgcac
ttttcceget
ggtgtatact
tctggtgaaa
cgagaacaac
ctcaaaactg
gatgcacgaa

atga

Artificial Sequence

Leu

Val

Ser
40

Trp
55

gcccccgagt
ctgatgatca
ccggaggtgc
ccacgggagg
caagattggc
ccaattgaga
ctgccgecta
ggcttctacc
tacaagacta
accgtggaca

gcgectgceaca

formatted as IgG2-FEGG-SELF

Phe Leu Val
10

Glu Ser Gly
25

Cys Ala Val

Ile Arg Gln

ttgaggeess

gcaggacacc
aattcaactg
aacagttcaa
tgaacgggaa
aaacaatttc
gcagggagsea
ccagcgatat
cgccccccat
aaagcagatg

atcattatac

variant

gcctteggtt
agaagtgaca
gtatgttgat
tagcacattc
ggaatacaag
taagaccaaa
aatgaccaag
cgcagttgag
gcttgatagc
gcagcaggga

tcagaaaagc

Ala Thr Ala Thr Gly

15

Gly Gly Leu Val Gln

30

Ser Gly Tyr Ser Ile

45

Ala Pro Gly Lys Gly

60

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1404



Leu

65

Pro

Thr

Tyr

Val

Gly

145

Ser

Val

Phe

Val

Val

225

Lys

Gly

Glu

Ser

Phe

Tyr

Trp

130

Pro

Thr

Thr

Pro

Thr

210

Asp

Cys

Pro

Trp

Val

Tyr

Cys

115

Gly

Ser

Ala

Val

Ala

195

Val

His

Cys

Ser

Val

Lys

Leu

100

Ala

Gln

Val

Ala

Ser

180

Val

Pro

Lys

Val

Val

Ala

Gly

85

Gln

Arg

Gly

Phe

Leu

165

Trp

Leu

Ser

Pro

Glu

245

Phe

Ser

70

Arg

Met

Gly

Thr

Pro

150

Gly

Asn

Gln

Ser

Ser

230

Cys

Leu

Ile

Ile

Asn

Ser

Thr

135

Leu

Cys

Ser

Ser

Asn

215

Asn

Pro

Phe

Thr

Thr

Ser

His

120

Val

Ala

Leu

Gly

Ser

200

Phe

Thr

Pro

Pro

Tyr

Ile

Leu

105

Tyr

Thr

Pro

Val

Ala

185

Gly

Gly

Lys

Cys

Pro

Asp

Ser

90

Arg

Phe

Val

Cys

Lys

170

Leu

Leu

Thr

Val

Pro

250

Lys

Gly

75

Arg

Ala

Gly

Ser

Ser

155

Asp

Thr

Tyr

Gln

Asp

235

Ala

Pro

Ser

Asp

Glu

His

Ala

140

Arg

Tyr

Ser

Ser

Thr

220

Lys

Pro

Lys

Thr

Asp

Asp

Trp

125

Ala

Ser

Phe

Gly

Leu

205

Tyr

Thr

Glu

Asp

Asn

Ser

Thr

110

His

Ser

Thr

Pro

Val

190

Ser

Thr

Val

Phe

Thr

Tyr

Lys

95

Ala

Phe

Thr

Ser

Glu

175

His

Ser

Cys

Glu

Glu

255

Leu

Asn

80

Asn

Val

Ala

Lys

Glu

160

Pro

Thr

Val

Asn

Arg

240

Gly

Met



Ile

Glu

His

305

Arg

Lys

Glu

Tyr

Leu

385

Trp

Met

Asp

His

Ser

Asp

290

Asn

Val

Glu

Lys

Thr

370

Thr

Glu

Leu

Lys

Glu
450

Arg

275

Pro

Ala

Val

Tyr

Thr

355

Leu

Cys

Ser

Asp

Ser

435

Ala

260

Thr

Glu

Lys

Ser

Lys

340

Ile

Pro

Leu

Asn

Ser

420

Arg

Leu

Pro

Val

Thr

Val

325

Cys

Ser

Pro

Val

Gly

405

Asp

Trp

His

Glu

Gln

Lys

310

Leu

Lys

Ser

Lys

390

Gln

Gly

Gln

Asn

Val

Phe

295

Pro

Thr

Val

Thr

Arg

375

Gly

Pro

Ser

Gln

His
455

Thr

280

Asn

Arg

Val

Ser

Lys

360

Glu

Phe

Glu

Phe

Gly

440

Tyr

265

Cys

Trp

Glu

Val

Asn

345

Gly

Glu

Tyr

Asn

Phe

425

Asn

Thr

Val

Tyr

Glu

His

330

Lys

Gln

Met

Pro

Asn

410

Leu

Val

Gln

Val

Val

Gln

315

Gln

Gly

Pro

Thr

Ser

395

Tyr

Tyr

Phe

Lys

Val

Asp

300

Phe

Asp

Phe

Arg

Lys

380

Asp

Ser

Ser

Ser
460

Asp

285

Gly

Asn

Trp

Pro

Glu

365

Asn

Ile

Thr

Lys

Cys

445

Leu

270

Val

Val

Ser

Leu

Ala

350

Pro

Gln

Ala

Thr

Leu

430

Ser

Ser

Glu

Glu

Thr

Asn

335

Pro

Gln

Val

Val

Pro

415

Thr

Val

Leu

His

Val

Phe

320

Gly

Ile

Val

Ser

Glu

400

Pro

Val

Met

Ser



Leu Gly Lys
465

<210>
<211>
<212>
<213>

27

DNA
<220>
<223>

<400> 27
atgggctggt

gtgcagctgg
tgtgecgtgt
cctggcaagg
cccagcgtga
caaatgaaca
tacttcggcec
gcgtcgacaa
tcaactgcgg
tggaatagcg
ggcctctata
tatacatgca
aaatgctgtg
tttctttttc
tgtgtcgtcg
ggtgtggaag
agagtagtta

tgtaaggtga

1404

cctgcatcat
tggaatctgg
ccggctacag
gactggaatg
agggccggat
gcctgegggce
actggcactt
aaggccctag
ctttgggctg
gggctctgac
gcctgagcag
atgtcgatca
tggagtgccec
cacctaaacc
tggacgtaga
tgcataatgc
gcgttctgac

gcaacaaagg

Artificial Sequence

cctgtttetg
cggeggactg
catcaccagc
ggtggcctcec
caccatcagc
cgaggacacc
tgccgtgtgg
cgtctttcca
cttggtgaag
cagtggagtg
tgtggtaact
taaacccagt
tccttgeccc
gaaagacacc
gcatgaagac
aaaaactaag
tgtcgtgcac

ttttcccget

Anti-IgE formatted as IgG2-FLGG-SELF

gtggccacag
gtgcagcctg
ggctactctt
atcacctacg
agggacgaca
gccgtgtact
ggccagggaa
ctcgccccat
gattacttcc
cacacctttc
gtgccctcga
aacacaaagg
gcccccgagt
ctgatgatca
ccggaggtgc
ccacgggagg
caagattggc

ccaattgaga

variant

ccaccggegt
gcggatctcet
ggaactggat
acggcagcac
gcaagaacac
attgtgccag
caacggtcac
gttcaagaag
cagagcctgt
ccgeegtgtt
gcaattttgg
tagacaagac
ttctgggges
gcaggacacc
aattcaactg
aacagttcaa
tgaacgggaa

aaacaatttc

gcactctgaa
gagactgagc
ccggcaggcc
caactacaac
attctacctg
aggcagccac
cgtgtctgca
caccagcgag
cactgtcagc
acagagcagc
tacccagacc
agtcgaaaga
gcctteggtt
agaagtgaca
gtatgttgat
tagcacattc
ggaatacaag

taagaccaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



ggtgtatact ctgccgecta

tctggtgaaa ggcttctacc

cgagaacaac tacaagacta

ctcaaaactg accgtggaca

gatgcacgaa gcgctgcaca

ggacagcccc gggagccaca

aaccaggtga gcctgacctg

tgggagagca atggccaacc

gacggatcat ttttcctgta

aacgttttca gttgctcagt

ctgagcttga gcttaggaaa atga

<210> 28

<211> 467

<212> PRT

<213> Artificial Sequence

<220>

<223> Anti-IgE

<400> 28

Met Gly Trp Ser Cys Ile Ile

1 5

Val His Ser Glu Val Gln Leu

20

Pro Gly Gly Ser Leu Arg Leu
35

Thr Ser Gly Tyr Ser Trp Asn

50 55

Leu Glu Trp Val Ala Ser Ile

65 70

Pro Ser Val Lys Gly Arg Ile

85
Thr Phe Tyr Leu Gln Met Asn

100

Leu

Val

Ser

40

Trp

Thr

Thr

Ser

Phe

Glu

25

Cys

Ile

Tyr

Ile

Leu
105

Leu

10

Ser

Ala

Arg

Asp

Ser
90

formatted as IgG2-FLGG-SELF

Val

Gly

Val

Gln

Gly

75

Arg

Ala

gcagggagga aatgaccaag
ccagcgatat cgcagttgag
cgccccccat gettgatage

aaagcagatg gcagcaggga

atcattatac tcagaaaagc

variant

Ala Thr Ala Thr

15

Leu Val Gln

30

Gly Gly

Ser Gly Ser Ile

45

Tyr

Ala
60

Pro Gly Lys Gly

Thr Asn

80

Ser Asn Tyr

Asp Asp Ser Lys Asn

95

Glu Thr

110

Asp Ala val

1140

1200

1260

1320

1380

1404



Tyr

Val

Gly

145

Ser

Val

Phe

Val

Val

225

Lys

Gly

Ile

Glu

His

Tyr

Trp

130

Pro

Thr

Thr

Pro

Thr

210

Asp

Cys

Pro

Ser

Asp

290

Asn

Cys

115

Gly

Ser

Ala

Val

Ala

195

Val

His

Cys

Ser

Arg

275

Pro

Ala

Ala

Gln

Val

Ala

Ser

180

Val

Pro

Lys

Val

Val

260

Thr

Glu

Lys

Arg

Gly

Phe

Leu

165

Trp

Leu

Ser

Pro

Glu

245

Phe

Pro

Val

Thr

Gly

Thr

Pro

150

Gly

Asn

Gln

Ser

Ser

230

Cys

Leu

Glu

Gln

Lys

Ser

Thr

135

Leu

Cys

Ser

Ser

Asn

215

Asn

Pro

Phe

Val

Phe

295

Pro

His

120

Val

Ala

Leu

Gly

Ser

200

Phe

Thr

Pro

Pro

Thr

280

Asn

Arg

Tyr

Thr

Pro

Val

Ala

185

Gly

Gly

Lys

Cys

Pro

265

Cys

Trp

Glu

Phe

Val

Cys

Lys

170

Leu

Leu

Thr

Val

Pro

250

Lys

Val

Tyr

Glu

Gly

Ser

Ser

155

Asp

Thr

Tyr

Gln

Asp

235

Ala

Pro

Val

Val

Gln

His

Ala

140

Arg

Tyr

Ser

Ser

Thr

220

Lys

Pro

Lys

Val

Asp

300

Phe

Trp

125

Ala

Ser

Phe

Gly

Leu

205

Tyr

Thr

Glu

Asp

Asp

285

Gly

Asn

His

Ser

Thr

Pro

Val

190

Ser

Thr

Val

Phe

Thr

270

Val

Val

Ser

Phe

Thr

Ser

Glu

175

His

Ser

Cys

Glu

Leu

255

Leu

Glu

Glu

Thr

Ala

Lys

Glu

160

Pro

Thr

Val

Asn

Arg

240

Gly

Met

His

Val

Phe



305 310 315 320

Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp Leu Asn Gly
325 330 335

Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Phe Pro Ala Pro Ile
340 345 350

Glu Lys Thr Ile Ser Lys Thr Lys Gly Gln Pro Arg Glu Pro Gln Val
355 360 365

Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser
370 375 380

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu
385 390 395 400

Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro
405 410 415

Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val
420 425 430

Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met
435 440 445

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser
450 455 460

Leu Gly Lys
465

<210> 29

211> 714

<212> DNA

<213> Homo sapiens

<400> 29
atgggctggt cctgcatcat cctgtttctg gtggccacag ccaccggecgt gcacagcgat 60



atccagctga
acctgtagag
cagaagcccg
gtgcccagca
ctgcagcccg
tttggccagg
ttcccaccta
aacttctacc
aacagccagg
accctgacac
caccagggcc
<210>
<211>

<212>
<213>

30
237
PRT
Homo

<400> 30
Met Gly Trp
1

Val His Ser

Ser Val Gly
35

Asp Tyr Asp
50

Lys Ala Pro
65

cacagagacc
ccagccagag
gcaaggcccc
gattttccgg
aggacttcgc
gcaccaaggt
gcgacgagca
cccgegaggc
aaagcgtgac
tgagcaaggc

tgtctagccc

sapiens

Ser Cys Il

5

Asp Ile Gl

20

Asp Arg Va

Se

Gly Asp

Le
70

Lys Leu

cagcagcctg
cgtggactac
caagctgctg
cagcggctct
cacctactac
ggaaatcaag
gctgaagtcc
caaggtgcag
cgagcaggac
cgactacgag

cgtgaccaag

e Ile Leu

n Leu Thr

1 Thr Ile

40

r Tyr Met

55

u Ile Tyr

tctgccagceg
gacggcgaca
atctacgccg
ggcaccgact
tgccagcaga
cggacagtgg
ggcacagcct
tggaaggtgsg
agcaaggact
aagcacaagg

agcttcaacc

Phe Leu Val

10

Gln
25

Arg Pro

Thr Cys Arg

Asn Trp Tyr

Ala Ala Ser

75

tgggcgacag
gctacatgaa
ccagctacct
tcaccctgac
gccacgagga
ccgctcccag
ctgtcgtgtg
acaatgccct
ccacctacag
tgtacgcctg

ggggcgagtg

Ala Thr Ala

Leu
30

Ser Ser

Ala Ser Gln

45

Gln
60

Gln Lys

Tyr Leu Glu

agtgaccatc
ctggtatcag
ggaaagcgsc
catcagctcc
cccctacacc
cgtgttcatc
cctgctgaac
gcagagegsc
cctgagcagc
cgaagtgacc

ctaa

Thr Gly

15

Ser Ala

Ser Val

Pro Gly

Ser Gly
80

120

180

240

300

360

420

480

540

600

660

714



Val

Thr

Gln

Ile

Asp

145

Asn

Leu

Asp

Tyr

Ser
225

Pro

Ile

Ser

Lys

130

Glu

Phe

Gln

Ser

Glu

210

Ser

<210>
<211>
<212>
<213>

<220>
<223>

Ser Arg

Ser Ser
100

His Glu
115

Arg Thr

Gln Leu

Tyr Pro

Ser Gly
180

Thr Tyr
195

Lys His

Pro Val

31
4
PRT

Phe

85

Leu

Asp

Val

Lys

Arg

165

Asn

Ser

Lys

Thr

Ser

Gln

Pro

Ala

Ser

150

Glu

Ser

Leu

Val

Lys
230

Gly

Pro

Tyr

Ala

135

Ala

Gln

Ser

Tyr

215

Ser

Artificial Sequence

Lower hinge sequence

Ser

Glu

Thr

120

Pro

Thr

Lys

Glu

Ser

200

Ala

Phe

Gly

Asp

105

Phe

Ser

Ala

Val

Ser

185

Thr

Cys

Asn

Ser

90

Phe

Gly

Val

Ser

Gln

170

Val

Leu

Glu

Arg

Gly

Ala

Gln

Phe

Val

155

Trp

Thr

Thr

Val

Gly
235

Thr

Thr

Gly

Ile

140

Val

Lys

Glu

Leu

Thr

220

Glu

Asp

Tyr

Thr

125

Phe

Val

Gln

Ser

205

His

Cys

Phe

Tyr

110

Lys

Pro

Leu

Asp

Asp

190

Lys

Gln

Thr

95

Cys

Val

Pro

Leu

Asn

175

Ser

Ala

Gly

Leu

Gln

Glu

Ser

Asn

160

Ala

Lys

Asp

Leu



<220>

<221> MISC_FEATURE

222> (1)..(1)

<223> Xaa can be proline (P) or glutamic acid (E)

<220>

<221> MISC_FEATURE

<222> (2)..(2)

<223> Xaa can be valine (V), leucine (L) or phenylalanine (F)

<220>

<221> MISC_FEATURE

222> (3)..(3)

<223> Xaa can be leucine (L), alanine (A) or glutamic acid (E)

<400> 31

Xaa Xaa Xaa Gly
1
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