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OPTIMIZED MULTABODY CONSTRUCTS, COMPOSITIONS, AND
METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of and priority to U.S. Provisional Patent
Application Nos. 63/220,920, (filed July 12, 2021) and 63/289,016 (filed December 13,
2021), the entire contents of each of which are hereby incorporated by reference in its entirety

for all purposes.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on July 12, 2022, is named “Sequence Listing Jul-2022 3206-5068 .txt™
and is 38,881 bytes in size.

BACKGROUND
[0003] Therapeutics based on antibodies or antibody fragments are being developed for a
variety of uses, e.g., for treating various diseases or conditions.
[0004] However, antibody-based therapeutics may need to be tuned so that they have
desirable characteristics (for example, desirable biodistribution, half-lives, etc.) after
administration to a subject. Some antibody-based therapeutics have a format that differs from
that of a native immunoglobulin molecule. For example, in some therapeutics, an antibody or
antibody fragment is fused to another polypeptide; in some, the antibody or antibody
fragment(s) is in a configuration or has a valence not found in nature. These antibody-based
therapeutics may also need to be tuned.

[0005] Thus, there remains a need for optimized antibody-based therapeutics.

SUMMARY
[0006] The present invention addresses this need with the provision of a suite of optimized
self-assembled polypeptide complexes comprising antibody fragments. Depending on the
desired characteristics (e.g., pharmacokinetic characteristics), a particular self-assembled
polypeptide complex or set of complexes can be chosen for use. For example, in certain
embodiments, provided are self-assembled polypeptide complexes that have half-lives or

other pharmacokinetic characteristics similar to that of IgG molecules.
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[0007] In accordance with an aspect, there is provided a self-assembled polypeptide
complex comprising

(a) a plurality of first fusion polypeptides, each first fusion polypeptide comprising (1)
an Fc polypeptide linked to (2) a nanocage monomer or subunit thereof, wherein the Fc
polypeptide comprises a Fc chain having one or more mutations relative to a reference Fc
chain of the same Ig class, and

(b) a plurality of second fusion polypeptides, each second fusion polypeptide
comprising (1) an antigen-binding antibody fragment linked to (2) a nanocage monomer or
subunit thereof.
[0008] In an aspect, (1) if the Fc polypeptide is an IgG1 Fc polypeptide, the antigen-binding
fragment is not a Fab fragment that binds to SARS-CoV-2; and/or (2) if the nanocage
monomer is a mouse ferritin monomer and the Fc polypeptide is a mouse IgG2a Fc
polypeptide, the antigen-binding antibody fragment is not a Fab fragment that binds to CD19.
[0009] In an aspect, the nanocage monomer is a ferritin monomer.
[0010] In an aspect, the ferritin monomer is a ferritin light chain.
[0011] In an aspect, the self-assembled polypeptide complex does not comprise any ferritin
heavy chains or subunits of ferritin heavy chains.
[0012] In an aspect, the ferritin monomer is a human ferritin.
[0013] In an aspect, the Fc polypeptide is an IgG1 Fc polypeptide.
[0014] In an aspect, the Fc polypeptide is an IgG2 Fc polypeptide.
[0015] In an aspect, the Fc polypeptide is a single-chain Fc (scFc).
[0016] In an aspect, the Fc polypeptide is an Fc monomer.
[0017] In an aspect, the antigen-binding antibody fragment comprises a light chain variable
domain and a heavy chain variable domain.
[0018] In an aspect, the antigen-binding antibody fragment is a Fab fragment.
[0019] In an aspect, each second fusion polypeptide does not comprise any CH2 or CH3
domains.
[0020] In an aspect, the one or more mutations comprise a mutation or set of mutations
associated with altered binding to FcRn.
[0021] In an aspect, the mutation or set of mutations comprises a mutation at one or more of
the following residues: M252, 1253, S254, T256, K288, M428, and N434, or combinations
thereof, wherein numbering is according to the EU index.
[0022] In an aspect, the mutation or set of mutations comprises mutations at M428 and

N434, wherein numbering is according to the EU index.
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[0023] In an aspect, the mutation or set of mutations comprises M428L and N434S
mutations, wherein numbering is according to the EU index.
[0024] In an aspect, the altered binding to FcRn is decreased binding to FcRn.
[0025] In an aspect, the mutation or set of mutations associated with decreased binding to
FcRn is selected from the group consisting of 1253 A, 1253V, and K288 A, and combinations
thereof, wherein numbering is according to the EU index.
[0026] In an aspect, the one or more mutations comprise a mutation or set of mutations
associated with altered effector function.
[0027] In an aspect, the Fc polypeptide is an [gG1 Fc polypeptide, and wherein the
mutation or set of mutations comprises a mutation at one or more the following residues:
L1234, 1.235, G236, G237, P329, and A330, or combinations thereof, wherein numbering is
according to the EU index.
[0028] In an aspect, the altered effector function is decreased effector function.
[0029] In an aspect, the mutation or set of mutations associated with decreased effector
function is selected from the group consisting of LALA (L234A/L235A), LALAP
(L234A/L235A/P329G), G236R, G237A, and A330L, wherein numbering is according to the
EU index.
[0030] In an aspect, the nanocage monomer or subunit thereof is a ferritin monomer
subunit, and

a. each first fusion polypeptide comprises a ferritin monomer subunit which is C-half-
ferritin and each second fusion polypeptide comprises a ferritin monomer subunit which is N-
half-ferritin; or

b. each first fusion polypeptide comprises a ferritin monomer subunit which is N-half
ferritin and each second fusion polypeptide comprises a ferritin monomer subunit which is C-
half-ferritin.
[0031] In an aspect, the self-assembled polypeptide complex is characterized by a 1:1 ratio
of first fusion polypeptides to second fusion polypeptides.
[0032] In an aspect, within each first fusion polypeptide, the Fc polypeptide is linked to the
nanocage monomer or subunit thereof via an amino acid linker.
[0033] In an aspect, within each first fusion polypeptide, the Fc polypeptide is linked to the
nanocage monomer or subunit thereof at the N-terminus of the nanocage monomer or subunit
thereof.
[0034] In an aspect, within each second fusion polypeptide, the antigen-binding antibody

fragment is linked to the nanocage monomer or subunit thereof via an amino acid linker.
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[0035] In an aspect, within each second fusion polypeptide, the antigen-binding antibody
fragment is linked to the nanocage monomer or subunit thereof at the N-terminus of the
nanocage monomer or subunit thereof.

[0036] In an aspect, the self-assembled polypeptide complex further comprises a plurality
of third fusion polypeptides, each third fusion polypeptide comprising (1) an antigen-binding
antibody fragment linked to (2) a nanocage monomer or a subunit thereof, wherein the third
fusion polypeptide is different than the second fusion polypeptide.

[0037] In an aspect, the antigen-binding antibody fragment within the third fusion
polypeptide comprises a light chain variable domain and a heavy chain variable domain.
[0038] In an aspect, the antigen-binding antibody fragment within the third fusion
polypeptide is a Fab fragment.

[0039] In an aspect, each third fusion polypeptide does not comprise any CH2 or CH3
domains.

[0040] In an aspect, the antigen-binding antibody fragment of the second fusion polypeptide
is capable of binding a first epitope, the antigen-binding fragment of the third fusion
polypeptide is capable of binding a second epitope, and the first epitopes and second epitopes
are distinct and non-overlapping.

[0041] In an aspect, first epitopes and second epitopes are from the same protein.

[0042] In an aspect, the self-assembled polypeptide complex comprises a total of 24 to 48
fusion polypeptides.

[0043] In an aspect, the self-assembled polypeptide complex comprises a total of at least 24
fusion polypeptides.

[0044] In an aspect, the self-assembled polypeptide complex comprises a total of at least 32
fusion polypeptides.

[0045] In an aspect, the self-assembled polypeptide complex has a total of about 32 fusion
polypeptides.

[0046] In an aspect, the half-life of the self-assembled polypeptide complex is at least 3
days, at least 5 days, at least 7 days, at least 10 days, at least 14 days, at least 21 days, or at
least 28 days when administered to a subject in need thereof.

[0047] In an aspect, the self-assembled polypeptide complex is characterized in that, after
administration of a composition comprising the self-assembled polypeptide complex, the self-
assembled polypeptide complex has a half-life substantially similar to that of a reference IgG

molecule administered by the same route of administration and in a similar composition.
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[0048] In an aspect, the reference IgG molecule is an antibody from which the antigen-
binding antibody fragment within the second fusion polypeptide is derived or is an antibody
from which the antigen-binding antibody fragment within the third fusion polypeptide is
derived.

[0049] In an aspect, the half-life of the self-assembled polypeptide complex is from about 3
to about 35 days when administered to a subject in need thereof.

[0050] In an aspect, the self-assembled polypeptide complex is detectable in serum after at
least 3 days, at least 5 days, at least 7 days, at least 10 days, at least 14 days, at least 21 days,
or at least 28 days after administration to a subject in need thereof.

[0051] In an aspect, the area-under-the-curve (AUC) of the self-assembled polypeptide
complex is at least 10 day-pg/mL, at least 25 day-pg/mL, at least S0 day-ug/mL, at least 100
day-pg/mL, at least 200 day-pg/mL, at least 300 day-pg/mL, at least 400 day-pg/mL, at least
500 day-pg/mL, at least 750 day-pg/mL, at least 1000 day-ug/mL, at least 1500 day-pg/mL,
at least 2000 day-pg/mL, at least 2500 day-ug/mL, at least 3000 day-pg/mL, at least 4000
day-pg/mL, at least 5000 day-ug/mL, at least 6000 day-pg/mL, at least 7000 day-pg/mL, or at
least 8000 day-ug/mL when administered to a subject in need thereof.

[0052] In an aspect, the area-under-the-curve (AUC) of the self-assembled polypeptide
complex is from about 10 to about 8000 day-ug/mL when administered to a subject in need
thereof.

[0053] In an aspect, the maximum concentration (Cmax) of the self-assembled polypeptide
complex is at least 10 pg/mL, at least 25 pg/mL, at least 50 ug/mL, at least 100 pg/mL, at
least 250 pg/mL, at least 500 pg/mL, at least 750 ug/mL, at least 1 mg/mL, at least 10
mg/mL, at least 25 mg/mL, at least 50 mg/mL, at least 75 mg/mL, at least 100 mg/mL, at
least 250 mg/mL, at least 500 mg/mL, or at least 750 mg/mL when administered to a subject
in need thereof.

[0054] In an aspect, the maximum concentration (Cmax) of the self-assembled polypeptide
complex is from about 10 pg/mL to about 750 mg/mL when administered to a subject in need
thereof.

[0055] In an aspect, the subject is human.

[0056] In an aspect, administration to the subject is by parenteral administration.

[0057] In an aspect, administration to the subject is by subcutaneous administration,
intravenous administration, intramuscular administration, intranasal administration, or by

inhalation.
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[0058] In an aspect, the self-assembled polypeptide complex is characterized in that the
self-assembled polypeptide complex induces antibody-dependent cellular phagocytosis
(ADCP) in an in vitro model of ADCP.

[0059] In an aspect, the ADCP is induced at a level of at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, or at least 60%
internalization of target.

[0060] In accordance with an aspect, there is provided a method comprising administering a
composition comprising the self-assembled polypeptide complex described herein to a
mammalian subject.

[0061] In an aspect, the subject is human.

[0062] In an aspect, the method comprises administration by a systemic route.

[0063] In an aspect, the systemic route comprises subcutaneous, intravenous, or
intramuscular injection, inhalation, or intranasal administration.

[0064] In an aspect, after administration, the half-life of the self-assembled polypeptide
complex in the mammalian subject is at least 3 days, at least 5 days, at least 7 days, at least
10 days, at least 14 days, at least 21 days, or at least 28 days.

[0065] In an aspect, after administration, the half-life of the self-assembled polypeptide
complex in the mammalian subject is from 3 to 35 days.

[0066] In an aspect, after administration, the area-under-the-curve (AUC) of the self-
assembled polypeptide complex in the mammalian subject is at least 10 day-ug/mL, at least
25 day-pg/mL, at least 50 day-pug/mL, at least 100 day-ug/mL, at least 200 day-ug/mL, at
least 300 day-pg/mL, at least 400 day-pg/mL, at least 500 day-pg/mL, at least 750
day-pg/mL, at least 1000 day-pug/mL, at least 1500 day-pg/mL, at least 2000 day-ug/mL, at
least 2500 day-ug/mL, at least 3000 day-ug/mL, at least 4000 day-ug/mL, at least 5000
day-pg/mL, at least 6000 day-pug/mL, at least 7000 day-pg/mL, or at least 8000 day-pg/mL .
[0067] In an aspect, after administration, the area-under-the-curve (AUC) of the self-
assembled polypeptide complex in the mammalian subject is from about 10 to about 8000
day-pg/mL.

[0068] In an aspect, after administration, the maximum concentration (Cmax) of the self-
assembled polypeptide complex in the mammalian subject is at least 10 pg/mL, at least 25
ug/mL, at least 50 ug/mL, at least 100 ug/mL, at least 250 ug/mL, at least 500 pg/mL, at
least 750 ug/mL, at least 1 mg/mL, at least 10 mg/mL, at least 25 mg/mL, at least 50 mg/mL,
at least 75 mg/mL, at least 100 mg/mL, at least 250 mg/mL, at least 500 mg/mL, or at least
750 mg/mL.

IPTS/117579678.3 6



10

15

20

25

30

WO 2023/035056 PCT/CA2022/051084

[0069] In an aspect, after administration, the maximum concentration (Cmax) of the self-
assembled polypeptide complex in the mammalian subject is from about 10 ug/mL to about
750 mg/mL.

[0070] In accordance with an aspect, there is provided a fusion polypeptide comprising (1)
an Fc polypeptide linked to (2) a nanocage monomer or subunit thereof, wherein the Fc
polypeptide comprises a Fc chain having one or more mutations relative to a reference Fc
chain of the same Ig class, wherein the one or more mutations comprise a mutation or set of
mutations associated with altered binding to FcRn and/or with altered effector function.
[0071] In an aspect, the nanocage monomer is a ferritin monomer.

[0072] In an aspect, the ferritin monomer is a ferritin light chain.

[0073] In an aspect, the fusion polypeptide does not comprise any ferritin heavy chains or
subunits of ferritin heavy chains.

[0074] In an aspect, the ferritin monomer is a human ferritin.

[0075] In an aspect, the Fc polypeptide is an IgG1 Fc polypeptide.

[0076] In an aspect, the Fc polypeptide is an IgG2 Fc polypeptide.

[0077] In an aspect, the Fc polypeptide is a single-chain Fc (scFc).

[0078] In an aspect, the mutation or set of mutations comprises a mutation at one or more of
the following residues: M252, 1253, S254, T256, K288, M428, and N434, or combinations
thereof, wherein numbering is according to the EU index.

[0079] In an aspect, the altered binding to FcRn is decreased binding to FcRn.

[0080] In an aspect, the mutation or set of mutations associated with decreased binding to
FcRn is selected from the group consisting of 1253 A, 1253V, and K288A, and combinations
thereof, wherein numbering is according to the EU index.

[0081] In an aspect, the Fc polypeptide is an [gG1 Fc polypeptide, and wherein the
mutation or set of mutations comprises a mutation at one or more the following residues:
L1234, L235, G236, G237, P329, and A330, or combinations thereof, wherein numbering is
according to the EU index.

[0082] In an aspect, the altered effector function is decreased effector function.

[0083] In an aspect, the mutation or set of mutations associated with decreased effector
function is selected from the group consisting of LALA (L234A/L235A), LALAP
(L234A/L235A/P329G), G236R, G237A, and A330L, wherein numbering is according to the
EU index.

[0084] In an aspect, the nanocage monomer or subunit thereof is a ferritin monomer

subunit, and
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a. each first fusion polypeptide comprises a ferritin monomer subunit which is C-half-
ferritin and each second fusion polypeptide comprises a ferritin monomer subunit which is N-
half-ferritin; or

b. each first fusion polypeptide comprises a ferritin monomer subunit which is N-half
ferritin and each second fusion polypeptide comprises a ferritin monomer subunit which is C-
half-ferritin.

[0085] In an aspect, within each first fusion polypeptide, the Fc polypeptide is linked to the
nanocage monomer or subunit thereof via an amino acid linker.

[0086] In an aspect, within each first fusion polypeptide, the Fc polypeptide is linked to the
nanocage monomer or subunit thereof at the N-terminus of the nanocage monomer or subunit

thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0087] FIG. 1A is a diagrammatic representation of human ferritin light chain (hFTL) and
exemplary N-half ferritin and C-half ferritin molecules.
[0088] FIGs. 1B, 1C, and 1D are diagrammatic representations of exemplary Multabodies
formation of the disclosure.
[0089] FIG. 2A are negative stain electron micrographs of T-01 MB, T-02 MB, and T-01
MB.v2, each containing wild-type IgG1 Fc.
[0090] FIG. 2B are negative stain electron micrographs of T-01 MB containing various Fc.
[0091] FIGs. 3A and 3B provide biolayer interferometry (BLI) concentration-response
curves for the binding of T-01 MB containing various Fc to human FcRn at pH 5.6 and pH
7.4, respectively.
[0092] FIGs. 3C, 3D, and 3E provide BLI concentration-response curves for the binding of
T-01 MB containing various Fc¢ to human FcyRIla, human FcyRIIb, and FcyRI, respectively.
[0093] FIG. 3F provides BLI concentration-response curves for the binding of T-01 MB.v2
containing wild-type IgG1 Fc or Fc IgG1 with M428L/N434S (LS) mutations to human Fc
receptors.
[0094] FIG. 4A provides BLI concentration-response curves for the binding of T-01 MB,
T-02 MB, and T-01 MB.v2 to target/epitope of PGDM 1400, N49P7, 10E8v4, or iMab, as
included as Fab in the Multabodies.
[0095] FIGs. 4B, 4C, and 4D provide BLI concentration-response curves for the binding of
T-01 MB containing various Fc to the target/epitope of PGDM1400 (BG5050 SOSIP.664
D368R), N49P7 (93THO057), and 10E8v4 (gp41 MPER), respectively.
[0096] FIG. 4E provides BLI concentration-response curves for the binding of
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PGDM 1400, N49P7, 10E8v4, or iMab IgG to BG5050 SOSIP.664 D368R, 93THO057, gp41
MPER, and CD4.

[0097] FIG. 5A illustrates an experiment described in Example 4 and conducted using
CB17/Icr-Prkdc*/lerlcoCrl immunodeficient (SCID) mice. FIGs. 5B, 5C, 5D, and SE
illustrates serum levels of testing Multabodies or IgG1 control following subcutaneous
administration in SCID mice.

[0098] FIG. 6A illustrates an experiment described in Example 4 and conducted using
NOD/Shi-scid/IL-2Rynull immunodeficient (NCG) mice. FIG. 6B illustrates serum levels of
testing Multabodies or IgG1 control following subcutaneous administration in NCG mice.
FIG. 6C provides body weights of NCG mice upon administration of testing Multabodies or
IgGl control. Mean values + SD for n=3 mice are displayed.

[0099] FIG. 7 illustrates the dose-dependent phagocytosis induced by testing Multabodies
or controls, quantified and represented as the percentage increase in the internalization of
93THO57-coated microspheres compared to non-coated microspheres. *P < 0.05, ***P <
0.001 and P **** < (.0001. n= four biologically-independent samples.

[0100] FIGs. 8A, 8B, and 8C illustrate the breadth and median ICso values (png/mL) of
testing Multabodies (T-01 MB, T-01 MB.v2, and T-02 MB., respectively) (diamond),
parental antibodies PGDM1400, N49P7, and 10E8v4 (circles), IgG1 control (triangle), and
N6/PGDM1400x10E8v4 trispecific antibody (inverted triangle), determined with a TZM-bl
assay described in Example 6.

[0101] FIG. 8D illustrates the dose-dependent neutralization of HIV-1 by T-01 MB
containing various Fc, determined with a TZM-bl assay described in Example 6.

[0102] FIG. 9A illustrates the inhibition of CXCR4-tropic HIV-1 isolate IIIB infection of
PBMCs by T-01 MB, T-01 MB.v2, or IgG1 control. The mean values + SD for three
technical replicates are shown. FIG. 9B shows the percent of viable cells following T-01
MB, T-01 MB.v2, or IgG1 control relative to untreated control cells.

[0103] FIGs. 10A and 10B show 4-week stability under temperature stress conditions (40
°C) of T-01 MB and T-01 MB.v2. See Example 8.

[0104] FIG. 11. HIV-1 bNADb multimerization increases neutralization potency.
Schematic of the self-assembly of (A) apoferritin (24 subunits) and (B) single-chain Fab-
apoferritin fusions. Fab light chain (LC) and heavy chain (HC) are shown in light and dark
pink, respectively, and are connected to the N terminus of the light chain of human
apoferritin (grey) through a GGS-like flexible linker (dark). (C) Schematic representation of

different Fab densities displayed on human apoferritin. Co-transfection of scFab-human

IPTS/117579678.3 9



10

15

20

25

30

WO 2023/035056 PCT/CA2022/051084

apoferritin-encoding plasmids together with unconjugated apoferritin at ratios of 1:4 (dark
yellow), 1:1 (black), 4:1 (blue) and 1:0 (red) resulted in molecules with different scFab
valency, as confirmed by elution volumes in size exclusion chromatography and less
unconjugated apoferritin in SDS-PAGE. Negative stain electron micrographs of the samples
with the lowest and highest scFab valency are shown (scale bar 50 nm). (D) Avidity effect on
neutralization of five bNADbs against a five-PsV panel (PVO.04, JRCSF, BG505 T332N,
THRO4156.18 and t278-50). Fold potency increase was calculated as the parental IgG ICso
(ng/mL) divided by the Fab-apoferritin fusion ICso (ug/mL). Fold potency increase analyses
were omitted in the following cases: N49P7-t278-50, VRCO01-T278-50 and 10-1074-
THRO4156.18 due to neutralization resistance. Bars (+ SD) represent the mean value from
n=3 biologically independent samples.

[0105] FIG. 12. Characterization of scFab-apoferritin fusions. (A) SDS-PAGE bands
corresponding to scFab-apoferritin and unconjugated apoferritin were quantified by
densitometry using the ImageJ software (rsb.info.nih.gov/ij/). Intensity plots of the bands in
each lane (yellow box) are shown (B). (C) The approximate number of scFabs displayed on
the particles was calculated as follows: intensity of scFab band / total intensity, and compared
with the theoretical numbers inferred from DNA ratios used for co-transfection.

[0106] FIG. 13. Design, assembly and neutralization profile of HIV Multabodies
against a 14-PsV panel. (A) Schematic of the human apoferritin split design that drives
hetero-dimerization of scFab-human apoferritin subunits. (B) Size exclusion chromatography
in-line with multi-angle light scattering of 24-mer PGDM 1400 scFab-apoferritin particles
(black) and T-01 MB (dark red). The molar mass of each elution peak (lines under UV
absorbance) is shown in MDa. (C) Negative stain electron micrographs of T-01 MB (scale
bar 50 nm). (D) Concentration-response curves for binding of T-01 MB to multiple epitopes.
PGDM1400, N49P7 and 10E8 binding sites are colored in red, blue and pink, respectively on
the surface representation of the HIV-1 Env trimer (grey). Red lines represent raw data; black
lines represent global fits. (E) Breadth (cutoff ICso set at 10 ng/mL) and median ICso values
(ng/mL) of T-01 MB (red diamond), parental bNAbs (white circles), IgG combination (gray
triangle) and the N6/PGDM1400x10E8v4 tri-specific antibody (black triangle). The 14-PsV
panel was selected based on susceptibility and resistance to the parental IgGs. (F) Individual
ICso values (ng/mL) to each PsV variant. The solid line denotes the median neutralization
ICso of all 14 viral strains. Those pseudoviruses that show the highest neutralization
resistance are highlighted by a red box. ICso values in (D) and (E) were calculated from three

biological replicates.
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[0107] FIG. 14. Multabody affinity-purification scheme. Protein A and Protein L
sequential affinity purification. Binding to Protein A enriches for Multabodies with Fc
(green), while Protein L enriches for Multabodies with the kappa chain Fab PGDM1400
(blue). Complementation of the two halves of the apoferritin split design ensures the presence
of N49P7/iMab (orange) and 10E8v4 scFabs (pink) (fused to C-ferritin) during the protein A
purification step. An alanine-to-proline point mutation at position 12 of the kappa chain of
iMab was introduced to disrupt binding to Protein L. Gel filtration is performed to separate
any aggregated material or non-assembled component.

[0108] FIG. 15. Generation of a Multabody that cross-targets the HIV-1 Env and the
CD4 receptor. (A) Schematic representation of MB components. (B) Size exclusion
chromatography in-line with multi-angle light scattering of 24-mer PGDM 1400 scFab-
apoferritin particles (black) and T-02 MB (blue). The molar mass of each sample is shown in
MDa. (C) Negative stain electron micrographs (scale bar 50 nm) and (D) binding profile of
T-02 MB. (E) Breadth (cutoff ICso set at 10 ug/mL) and median ICso values (ug/mL) of T-02
MB (red diamond) in comparison to its parental bNAbs (white circles) and IgG combination
(gray triangle). The mean ICso values (ng/mL) derived from three biological replicates for
those pseudoviruses that show the highest neutralization resistance to T-02 MB are shown.
[0109] FIG. 16. Biophysical characterization of HIV-1 Multabodies. Comparison of the
T and Tage temperatures of T-01/T-02 MB, 12-mer ferritin fusions, parental IgGs and the
N6/PGDM1400x10E8v4 tri-specific antibody.

[0110] FIG. 17. Binding characteristics of IgGs binding to four different antigens. BLI
response curves of IgG binding to 93TH057 gp120, BG505 SOSIP.664 D368R, MPER
peptide and CD4 immobilized onto Ni-NTA biosensors. The BG505 SOSIP.664 D368R
trimer and 93THO057 gp120 monomer were selected as epitope-specific ligands for
PGDM1400 and N49P7, respectively. Red lines represent raw data; black lines represent
global fits.

[0111] FIG. 18. Engineering and biophysical characterization of Multabody v2. (A)
The second-generation Multabody design displays two distinct features in comparison to the
original Multabody design: 1) the Fc (green) is fused to the C terminus of the second half of
apoferritin in the split ferritin design; and 2) the single-chain Fc domain (green), fused to the
C terminus of an apoferritin half protomer is reverted to a monomeric Fc¢ chain. Dimerization
of each Fc in MB.v2 drives assembly of four Fabs (two Fab2 and two Fab3 — bottom row)
while only one Fab is assembled per Fc into the previous MB version (top row). (B) Negative

stain electron micrographs of T-01 MB.v2 (scale bar 50 nm). (C) Concentration-response
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curves for binding of T-01 MB.v2 to multiple epitopes. Red lines represent raw data; black
lines represent global fits. (D) Comparison of Tage, and (E) long-term stability under
temperature stress conditions (10 mg/ml; 40 °C) of the two different Multabody versions. PsV
neutralization (mean values + SD for two technical replicates) comparison at week 0 vs week
4 is shown.

[0112] FIG. 19. Multabody v2 features. (A) Modification of the fusion of the Fc (green)
from the N terminus of N-ferritin (top row) to the C terminus of C-ferritin (bottom row)
inverts the orientation of the Fc in the Multabody. (B) Fc dimerization of two Fc chains fused
to the C terminus of two independent ferritin subunits at the 4-fold symmetry axes of the
apoferritin nanocage acts as an additional driver of Multabody v2 assembly.

[0113] FIG. 20. Fine-tuning of Fc on Multabody for IgG-like characteristics. (A)
Concentration-response curves for pH dependent binding to human FcRn by T-01 MB and T-
01 MB.v2. (B) Comparison of the FcRn apparent binding affinities (Kp) at acidic pH between
MBs and an IgG1. n= 3 biologically independent samples are shown. Apparent Kp lower than
1012 M (dash black line) is beyond the instrument detection limit. (C) Concentration-
response curves to the high-affinity human FcyRI (top), and low-affinity human FcyRIla
(bottom). (D) Dose-dependent phagocytosis determined as a percentage increase in
internalization of 93THO057-coated fluorescent microspheres compared to a no-antibody
control. Anti-human FcR binding inhibitor antibody was added to block Fc-mediated
internalization (dark red). Data were analyzed by two-way ANOVA with Tukey’s multiple
comparisons test. Each group was compared to the IgG negative control. *P < (.05, ***P <
0.001 and P **** <(0.0001. IgG and MB samples with no affinity for the antigen coated
beads were added as control samples. n= four biologically-independent samples. (E) Serum
levels after subcutaneous administration of 5 mg/kg of Multabodies or parental IgG mixture
in female NOD/Shi-scid/IL-2Rynull (NCG) immunodeficient mice. (F) Body weight upon
administration of 5 mg/kg of molecules in NCG mice. Mean values + SD for n=3 mice are
shown in (E) and (F).

[0114] FIG. 21. Broad and potent neutralization by Multabody v2 against extended
HIV-1 PsV panels. (A) Breadth and median ICso values (ug/mL) of T-01 Multabody
versions (different shades of red diamond), individual IgGs (black circles) and IgG mixture
(blue triangle) against a 25-PsV panel with 56% of PsV variants resistant to PGDM 1400
neutralization. (B) Individual ICso values (ng/mL) for each PsV variant. ICso values in (A)
and (B) were calculated from three biological replicates. (C) Potency (ICso)-breadth (left) and

potency (ICso)-breadth (right) curve comparison of T-01 Multabody versions, as well as
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parental IgGs and an IgG mixture against an extended multiclade panel of 118 HIV-1 PsV
variants. (D) Individual ICso (left) and ICso (right) values for each PsV variant in (C). Yellow
dots correspond to ICso values from PsVs that are highly resistant to PGDM1400
neutralization. The solid line in (B) and (D) denotes the median ICso neutralization titer of all
viral strains in each panel.

[0115] FIG. 22. PsV neutralization and inhibition of primary PBMC infection by
Multabodies. (A) Molar potency (ICso)-breadth (left) and molar potency (ICso)-breadth
(right) graphs comparing T-01 Multabody versions, as well as parental IgGs and an IgG
mixture against a panel of 118 HIV-1 PsV variants. (B) Measurement of HIV-1 replication
via p24 detection in PBMC culture supernatant derived from three different blood donors.
Data shown represent HIV-1 replication levels at 7 days post-infection with the CXCR4-
tropic HIV-1 isolate IIIB. Mean values = SD for three technical replicates are shown. (C)
Impact of IgG mix and Multabody treatments on cell viability, showing the percent of viable

cells relative to untreated control cells under the same experimental conditions as in (B).

DETAILED DESCRIPTION
[0116] The inventors have previously described self-assembled polypeptide complexes
comprising fusion polypeptides that comprise antibody fragments. These self-assembled
polypeptide complexes can be designed and adapted for a variety of therapeutic purposes. For
example, as described herein, a self-assembled polypeptide complex comprising both Fab-
and Fc-containing fusion polypeptides may be used to target cells expressing an antigen to
which the Fab can bind, and the Fc¢ portion may mediate interactions with other molecules in
the body.
[0117] In many situations, it may be desirable to optimize the behavior of these self-
assembled polypeptide complexes after administration, e.g., by modulating characteristics
such as half-life and/or ability to mediate antibody-mediated effects. Techniques for
optimizing IgG molecules are known in the art. For example, both half-life and the certain
antibody-mediated effects can be modulated using modifications to the Fc region of an IgG
molecule.
[0118] However, the inventors have surprisingly discovered that, in some situations, the
techniques for optimizing IgG molecules, when applied to the inventors’ self-assembled
polypeptide complexes, may have unexpected effects. As one example, the inventors have
discovered that an Fc modification typically associated with reduced FcRn binding (and

reduced half-life) in the context of an IgG1 molecule actually conferred more desirable
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bioavailability characteristics in the context of the inventors’ self-assembled polypeptide
complexes.

[0119] Utilizing these and other insights, the inventors have developed a suite of a self-
assembled polypeptide complexes, each of which is optimized for a particular desired
outcome, and related methods.

[0120] For example, in certain embodiments, after administration to a subject, a provided
self-assembled polypeptide complex has one or more pharmacokinetic features similar to that
of a reference IgG molecule (e.g., an IgG molecule whose class matches the class of an Fc
chain within an Fc polypeptide within the self-assembled polypeptide complex). For
example, in some embodiments, a self-assembled polypeptide complex as disclosed herein
has a similar bioavailability to that of reference IgG molecule. In some embodiments, a self-
assembled polypeptide complex as disclosed herein has a similar half-life to that of reference
IgG molecule.

[0121] In certain embodiments, after administration to a subject, a provided self-assembled

polypeptide complex induces antibody-dependent cellular phagocytosis (ADCP).

Definitions

[0122] The terms “about” and “approximately,” when used herein in reference to a value,
are used interchangeably and refer to a value that is similar to the referenced value. In
general, those skilled in the art, familiar with the context, will appreciate the relevant degree
of variation encompassed by “about™ or “approximately” in that context. For example, in
some embodiments, the terms “about” and “approximately” may encompass a range of values
that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or less of the referred value.

[0123] As used herein, the terms “alter,” “altered,” “decrease,” “decreased,”
“increase,” “increased,” or “reduction,” “reduced,” (e.g., in reference to certain outcomes
or effects) have meanings relative to a reference level. In some embodiments, in the context
of discussing mutations in an Fc¢ chain or Fc polypeptide, the reference level is a level known
or as determined with an IgG that does not contain the referenced mutation(s) in the Fc¢
region.

[0124] The terms “ferritin” and “apoferritin™ are used interchangeably herein and
generally refer to a polypeptide (e.g., a ferritin chain) that is capable of assembling into a
ferritin complex which typically comprises 24 protein subunits. In some embodiments, the
ferritin is a human ferritin, e.g., a human ferritin light chain, e.g., a human ferritin light chain

having at least 85% sequence identity to SEQ ID NO:1 or UniProt P02792. In some

IPTS/117579678.3 14



10

15

20

25

30

WO 2023/035056 PCT/CA2022/051084

embodiments, the ferritin is a wild-type ferritin. For example, the ferritin may be a wild-type
human ferritin.

[0125] The term “ferritin monomer,” is used herein to refer to a single chain of a ferritin
that, in the presence of other ferritin chains, is capable of self-assembling into a polypeptide
complex comprising a plurality of ferritin chains, e.g., 24 or more ferritin chains.

[0126] As used herein, the term “linker” is used to refer to an entity that connects two or
more elements to form a multi-element agent. For example, those of ordinary skill in the art
appreciate that a polypeptide (e.g., fusion polypeptide) whose structure includes two or more
functional or organizational domains often includes a stretch of amino acids between such
domains that links them to one another. In some embodiments, a polypeptide comprising a
linker element has an overall structure of the general form S1-L-S2, wherein S1 and S2 may
be the same or different and represent two domains associated with one another by the linker
(L). In some embodiments, the linker is an “amino acid linker,” that is, it comprises amino
acid residues, e.g., an amino acid linker may comprise at least 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12,
13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28. 29, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 100 or more amino acid residues. In some embodiments, a linker is
characterized in that it tends not to adopt a rigid three-dimensional structure, but rather
provides flexibility to the polypeptide.

[0127] The term “multispecific,” as used herein, refers to the characteristic of having at
least two binding sites at which at least two different binding partners, e.g., an antigen or
receptor (e.g., Fc receptor), can bind. For example, a polypeptide complex that comprises at
least two Fab fragments, wherein each of the two Fab fragments is capable of binding to a
different antigen, is “multispecific.” As an additional example, a polypeptide complex that
comprises an Fc¢ fragment (which is capable of binding to an Fc receptor) and a Fab fragment
(which is capable of binding to an antigen) is “multispecific.”

[0128] The term “multivalent,” as used herein, refers to the characteristic of having at least
two binding sites at which a binding partner, e.g., an antigen or receptor (e.g., Fc receptor),
can bind. The binding partners that can bind to the at least two binding sites may be the same
or different.

[0129] The term “nanocage monomer,” as used herein, refers to a single chain of a
polypeptide that is capable of self-assembling with other nanocage monomers to form a self-
assembled polypeptide complex comprising a plurality of nanocage monomers. In some
embodiments, the nanocage monomer is selected from monomers of ferritin, apoferritin,

encapsulin, sulfur oxygenase reductase (SOR), lumazine synthase, pyruvate dehydrogenase,
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carboxysome, vault proteins, GroEL, heat shock protein, E2P coat protein, MS2 coat protein,
fragments thereof, and variants thereof.

[0130] The term “polypeptide,” as used herein, generally has its art-recognized meaning of
a polymer of at least three amino acids, e.g., linked to each other by peptide bonds. Those of
ordinary skill in the art will appreciate that the term “polypeptide” is intended to be
sufficiently general as to encompass not only polypeptides having a complete sequence
recited herein, but also to encompass polypeptides that represent functional fragments (i.e.,
fragments retaining at least one activity) of such complete polypeptides. Moreover, those of
ordinary skill in the art understand that protein sequences generally tolerate some substitution
without destroying activity. Thus, any polypeptide that retains activity and shares at least
about 30-40% overall sequence identity, often greater than about 50%, 60%, 70%, or 80%,
and further usually including at least one region of much higher identity, often greater than
90% or even 95%, 96%, 97%, 98%, or 99% in one or more highly conserved regions, usually
encompassing at least 3-4 and often up to 20 or more amino acids, with another polypeptide
of the same class, is encompassed within the relevant term “polypeptide” as used herein.
Polypeptides may contain L-amino acids, D-amino acids, or both and may contain any of a
variety of amino acid modifications or analogs known in the art. Useful modifications
include, e.g., terminal acetylation, amidation, methylation, etc. In some embodiments,
proteins may comprise natural amino acids, non-natural amino acids, synthetic amino acids,
and combinations thereof

[0131] The term “self-assembled,” when used in reference to a macromolecular complex
(e.g., a polypeptide complex), refers to the spontaneous formation of that complex when
sufficient constituents of the complex (e.g., fusion polypeptides) to be formed are present. In
some embodiments, complexes self-assemble in physiological conditions, or in a buffer (e.g.,
a solution) that corresponds to physiological conditions.

[0132] As used herein, the term “subject” to an organism, typically a mammal (e.g., a
human). In some embodiments, a subject is suffering from or susceptible to a relevant
disease, disorder or condition. In some embodiments, a subject displays one or more
symptoms or characteristics of a disease, disorder or condition. In some embodiments, a
subject is someone with one or more features characteristic of susceptibility to or risk of a
disease, disorder, or condition. In some embodiments, a subject is a patient. In some
embodiments, a subject is a subject to whom diagnosis and/or therapy is and/or has been

administered.
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[0133] As used herein, the term “treatment™ (also “treat” or “treating”) refers to any
administration of a therapy that partially or completely alleviates, ameliorates, relieves,
inhibits, delays onset of, reduces severity of, and/or reduces incidence of one or more
symptoms, features, and/or causes of a particular disease, disorder, and/or condition. In some
embodiments, such treatment may be of a subject who does not exhibit signs of the relevant
disease, disorder and/or condition and/or of a subject who exhibits only early signs of the
disease, disorder, and/or condition. Alternatively, or additionally, such treatment may be of a
subject who exhibits one or more established signs of the relevant disease, disorder and/or
condition. In some embodiments, treatment may be of a subject who has been diagnosed as
suffering from the relevant disease, disorder, and/or condition. In some embodiments,
treatment may be of a subject known to have one or more susceptibility factors that are
statistically correlated with increased risk of development of the relevant disease, disorder,

and/or condition.

A. Fusion polypeptides

[0134] In many embodiments, fusion polypeptides compatible with compositions and
methods disclosed herein generally comprise a nanocage monomer or subunit thereof linked
to either an Fc polypeptide or to an antigen-binding antibody fragment. Within the fusion
polypeptide, the Fc polypeptide or the antigen-binding antibody fragment may be linked to
the nanocage monomer or subunit thereof at a particular terminus of the nanocage monomer
or subunit thereof, e.g., the N-terminus or the C-terminus. In some embodiments, the Fc
polypeptide or antigen-binding antibody fragment is linked via an amino acid linker, such as
a linker as described herein.

In some embodiments, (1) if the Fc polypeptide is an IgG1 Fc polypeptide, the
antigen-binding fragment is not an Fab fragment that binds to SARS-CoV-2; and/or (2) if the
nanocage monomer is a mouse ferritin monomer and the Fc polypeptide is a mouse IgG2a Fc
polypeptide, the antigen-binding antibody fragment is not an Fab fragment that binds to
CDI9.

1. Nanocage monomers and subunits thereof

[0135] In some embodiments, the nanocage monomer is a ferritin monomer.

[0136] The term “ferritin monomer,” is used herein to refer to a single chain of a ferritin
that, in the presence of other ferritin chains, is capable of self-assembling into a polypeptide
complex comprising a plurality of ferritin chains, e.g., 24 or more ferritin chains. In some

embodiments, the ferritin monomer is a ferritin light chain. In some embodiments, the ferritin
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monomer does not include a ferritin heavy chain or other ferritin components capable of
binding to iron.

[0137] In some embodiments, each fusion polypeptide within the self-assembled
polypeptide complex comprises a ferritin light chain or a subunit of a ferritin light chain. In
these embodiments, the self-assembled polypeptide complex does not comprise any ferritin
heavy chains or subunits of ferritin heavy chains.

[0138] In some embodiments, the ferritin monomer is a human ferritin chain, e.g., a human
ferritin light chain, e.g., a human ferritin light chain having the sequence of at least residues
2-175 of SEQ ID NO:1. In some embodiments, the ferritin monomer is a mouse ferritin
chain.

[0139] A “subunit” of a ferritin monomer refers to a portion of a ferritin monomer that is
capable of spontaneously associating with another, distinct subunit of a ferritin monomer, so
that the subunits together form a ferritin monomer, which ferritin monomer, in turn, is
capable of self-assembling with other ferritin monomers to form a polypeptide complex.
[0140] In some embodiments, the ferritin monomer subunit comprises approximately half
of a ferritin monomer. As used herein, the term “N-half ferritin” refers to approximately half
of a ferritin chain, which half comprises the N-terminus of the ferritin chain. As used herein,
the term “C-half ferritin” refers to approximately half a ferritin chain, which half comprises
the C-terminus of the ferritin chain. The exact point at which a ferritin chain may be divided
to form the N-half ferritin and the C-half ferritin may vary depending on the embodiment. In
the context of ferritin monomer subunits based on human ferritin light chain, for example, the
halves may be divided at a point that corresponds to a position from about position 75 to
about position 100 of SEQ ID NO:1 (or a substantial portion thereof). For example, in some
embodiments, an N-half ferritin based on a human ferritin light chain has an amino acid
sequence corresponding to residues 1-95 of SEQ ID NO: 1 (or a substantial portion thereof),
and a C-half ferritin based on a human ferritin light chain has an amino acid sequence
corresponding to residues 96-175 of SEQ ID NO: 1 (or a substantial portion thereof).

[0141] In some embodiments, the halves are divided at a point that corresponds to a
position from about position 85 to about position 92 of SEQ ID NO:1. For example, in some
embodiments, an N-half ferritin based on a human ferritin light chain has an amino acid
sequence corresponding to residues 1-90 of SEQ ID NO:1, and a C-half ferritin based on a
human ferritin light chain has an amino acid sequence corresponding to residues 91-175 of
SEQ ID NO:1.
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2. Fc polypeptides

[0142] In certain embodiments, fragment crystallizable (Fc) polypeptides comprise Fc
chains that each have one or more mutations relative to a reference Fc chain of the same Ig
class. As explained further herein below, the reference Fc chain may be of, e.g., the IgG1 or
IgG2 class.

[0143] Unless otherwise noted, numbering of mutations within an antibody fragment, e.g.,
an Fc polypeptide, throughout this disclosure is according to the EU index.

[0144] In some embodiments, the Fc polypeptide is a human IgG Fc polypeptide, that is,
except for mutations noted herein, the Fc polypeptide comprises an Fc chain that is
substantially similar to that of an F¢ chain within a wild type human IgG.

[0145] In some embodiments, the Fc polypeptide is an IgG1 Fc polypeptide (e.g., a human
IgG1 Fc polypeptide), that is, except for mutations noted herein, the Fc polypeptide
comprises an Fc chain that has an amino acid sequence that is substantially similar to that of
the chains within a wild type IgG1 Fc. In some embodiments, the wild type IgG1 Fcis a
human IgG1 Fc, in which each Fc chain has an amino acid sequence of SEQ ID NO:5.
[0146] For example, an IgG1 Fc polypeptide may comprise an Fc chain with an amino acid
sequence that is at least 85%, at least 87.5%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical to that of an Fc chain within a wild-type IgG1 Fc. In some embodiments, an IgG1
Fc polypeptide comprises an Fc chain that comprises the Fc mutations specifically described
for that IgG1 Fc polypeptide, but has an amino acid sequence that is otherwise 100%
identical to an Fc chain within a wild type IgG1 Fc. In some embodiments, the Fc
polypeptide comprises an Fc chain that has an amino acid sequence that differs by at least
one, at least two, at least three, or at least four amino acid residues from the sequence of SEQ
ID NO:5. In some embodiments, the Fc polypeptide comprises an Fc chain that has an amino
acid sequence that differs by no more than ten, no more than nine, no more than eight, no
more than seven, no more than six, no more than five, or no more than four amino acid
residues from the sequence of SEQ ID NO:5.

[0147] In some embodiments, the Fc polypeptide is an IgG2 Fc polypeptide, (e.g., a human
IgG2 Fc polypeptide), that is, except for mutations noted herein, the Fc polypeptide
comprises an Fc chain that has an amino acid sequence that is substantially similar to that of
the chains within a wild type IgG2 Fc. In some embodiments, the wild type IgG2 Fcis a

human IgG2 Fc, in which each Fc chain has an amino acid sequence of SEQ ID NO:46.
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[0148] For example, an IgG2 Fc polypeptide may comprise an Fc chain with an amino acid
sequence that is at least 85%, at least 87.5%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical to that of an Fc chain within a wild-type IgG2a Fc. In some embodiments, an IgG2
Fc polypeptide comprises an Fc chain that comprises the Fc mutations specifically described
for that IgG2 Fc polypeptide, but has an amino acid sequence that is otherwise 100%
identical to an Fc chain within a wild type IgG2 Fc. In some embodiments, the Fc
polypeptide comprises an Fc chain that has an amino acid sequence that differs by at least
one, at least two, at least three, or at least four amino acid residues from the sequence of SEQ
ID NO:46. In some embodiments, the Fc polypeptide comprises an Fc chain that has an
amino acid sequences that differs by no more than ten, no more than nine, no more than eight,
no more than seven, no more than six, no more than five, or no more than four amino acid
residues from the sequence of SEQ ID NO:46.

[0149] In some embodiments, the Fc polypeptide is a single chain Fc (scFc), which
comprises two Fc chains linked together by a covalent linker, e.g., via an amino acid linker.
[0150] In some embodiments, the Fc polypeptide is an Fc monomer, e.g., a single Fc chain
having only one CH2 domain (second constant Ig domain of the heavy chain) and only one
CH3 domain (third constant Ig domain of the heavy chain), which single Fc chain is typically
capable of dimerizing with another single Fc chain.

[0151] In some embodiments, the one or more mutations comprises a mutation or set of
mutations associated with an altered characteristic as further described herein. By “associated
with,” it is meant that the mutation or set of mutations has been previously characterized, in
the context of antibodies such as IgG antibodies, as conferring the altered characteristic (e.g.,
altered binding to FcRn, altered effector function, etc.) By “altered” it is meant that the
characteristic (e.g., binding to an Fc receptor (e.g., FcRn)), is different than that observed
without the mutation or set of mutations.

[0152] For example, in some embodiments, the altered characteristic comprises altered
binding to an Fc receptor.

[0153] In some embodiments, the altered characteristic comprising altered binding to FcRn.
[0154] For example, the mutation or set of mutations associated with altered binding to
FcRn may comprise a mutation at one or more residues selected from: M252, 1253, S254,
T256, K288, M428, N434, or combinations thereof.

[0155] In some embodiments, the altered binding to an Fc¢ receptor comprises decreased

binding to FcRn (e.g., decreased binding relative to a reference level corresponding to that
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level observed without the one or more mutations). For example, in some embodiments, the
one or more mutations comprise a mutation or set of mutations associated with decreased
binding to FcRn, e.g., 1253 A, 1253V, K288A, or combinations thereof.

[0156] In some embodiments, the one or more mutations comprises a mutation or set of
mutations associated with altered effector function, e.g., altered binding to an Fc receptor
associated with effector function (e.g., Fcy receptors such as FcyRI, FcyRIL, or FcyRIIb).
[0157] For example, the one or more mutations may comprise a mutation or set of
mutations at one or more residues selected from: L234, L235, G236, G237, P329, A330, and
combinations thereof.

[0158] In some embodiments, the altered binding to an Fc receptor comprises decreased
effector function, e.g., LALA (L234A/L235A), LALAP (L234A/L235A/P329G), G236R,
G237A, A330L, or combinations thereof.

3. Antigen-binding antibody fragments
[0159] In certain embodiments, the antigen-binding antibody fragment comprises a heavy

chain variable region (e.g., a Vu). In certain embodiments, the antigen-binding antibody
fragment comprises a heavy chain variable domain (e.g., Vi) and a light chain variable
domain (e.g., a Vi, or Vk). In certain embodiments, the antigen-binding antibody fragment
comprises a Fab which comprises a heavy chain variable domain (e.g., Vu) and a light chain
variable domain (e.g., a V1, or V).

[0160] In certain embodiments, the antigen-binding antibody fragment does not comprise
any domains from the Fc region, e.g., does not comprise any CH2 or CH3 domains.

[0161] In some embodiments, the antigen-binding fragment binds to an antigen on an
infectious disease agent, e.g., a virus.

[0162] In some embodiments, the antigen-binding antibody fragment binds to an antigen on
atarget cell, e.g., a cancer cell or an immune cell.

[0163] In embodiments where multiple types of fusion polypeptides having antigen-binding
antibody fragments are used, the antigen-binding antibody fragments in the various types of
fusion polypeptides may be capable of binding to the same epitope, or they may be capable of
binding to epitopes that are distinct and non-overlapping. In some embodiments where the

epitopes are distinct and non-overlapping, the epitopes are from the same protein.

4. Linkers
[0164] In certain embodiments, linkers are used within fusion polypeptides and/or within

single-chain molecules such as scFcs. In some embodiments, the linker is an amino acid
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linker. For example, a linker as employed herein may comprise from about 1 to about 100
amino acid residues, e.g., about 1 to about 70, about 2 to about 70, about 1 to about 30, or
about 2 to about 30 amino acid residues. In some embodiments, the linker comprises at least
2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, or at least 10 amino
acid residues.

[0165] In certain embodiments, the linker comprises a glycine-serine sequence, €.g., a
(GaS)m sequence (e.g., GGS, GGGS (SEQ ID NO:48), or GGGGS (SEQ ID NO:49)
sequence) that is present in at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, or at least 14 copies

within the linker.

B. Self-assembled polypeptide complexes

[0166] In one aspect, provided are self-assembled polypeptide complexes comprising a
plurality of fusion polypeptides as disclosed herein. Generally, provided self-assembled
polypeptide complexes comprise (a) a plurality of first fusion polypeptides, each first fusion
polypeptide comprising (1) an Fc polypeptide linked to (2) a nanocage monomer or subunit
thereof, wherein the Fc polypeptide comprises an Fc chain having one or more mutations
relative to a reference Fc chain of the same Ig class, and (b) a plurality of second fusion
polypeptides, each second fusion polypeptide comprising (1) an antigen-binding antibody
fragment linked to (2) a nanocage monomer or subunit thereof.

[0167] In some embodiments, the nanocage monomer is a ferritin monomer, and each
fusion polypeptide within the self-assembled polypeptide complex comprises a ferritin light
chain or a subunit of a ferritin light chain. In these embodiments, the self-assembled
polypeptide complex does not comprise any ferritin heavy chains, subunits of ferritin heavy
chains, or other ferritin components capable of binding to iron.

[0168] In some embodiments, the nanocage monomer or subunit thereof is a ferritin
monomer subunit, and (a) each first fusion polypeptide comprises a ferritin monomer subunit
which is C-half-ferritin and each second fusion polypeptide comprises a ferritin monomer
subunit which is N-half-ferritin; or (b) each first fusion polypeptide comprises a ferritin
monomer subunit which is N-half ferritin and each second fusion polypeptide comprises a
ferritin monomer subunit which is C-half-ferritin.

[0169] In some embodiments, the self-assembled polypeptide complex comprises from 24
to 48 fusion polypeptides in total. In some embodiments, the self-assembled polypeptide
complex comprises 24 fusion polypeptides in total. In some embodiments, the self-assembled

polypeptide complex comprises more than 24 fusion polypeptides, e.g., at least 26, at least
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28, at least 30, at least 32 fusion polypeptides, at least 34 fusion polypeptides, at least 36
fusion polypeptides, at least 38 fusion polypeptides, at least 40 fusion polypeptides, at least
42 fusion polypeptides, at least 44 fusion polypeptides, at least 46 fusion polypeptides, or at
least 48 fusion polypeptides in total. In some embodiments, the self-assembled polypeptide
complex comprises about 32 fusion polypeptides.

[0170] In some embodiments, the self-assembled polypeptide complex comprises at least 4,
at least 5, least 6, at least 7, or at least 8 first fusion polypeptides.

[0171] In some embodiments, the self-assembled polypeptide complex comprises at least 4,
at least 5, least 6, at least 7, or at least 8 second fusion polypeptides.

[0172] In some embodiments, the self-assembled polypeptide complex further comprises at
least 4, at least 5, least 6, at least 7, at least 8, at least 9, at least 10, least 11, at least 12, at
least 13, at least 14, at least 15, or at least 16 third fusion polypeptides.

[0173] In some embodiments, the self-assembled polypeptide complex comprises a ratio of
approximately 1:1, 1:2, 1:3, or 1:4 of first fusion polypeptides to all other fusion
polypeptides.

Pharmacokinetic characteristics

[0174] In certain embodiments, when administered to a subject in need thereof, a provided
self-assembled polypeptide complex, has one or more pharmacokinetic features similar to
that of a reference IgG molecule (e.g., an IgG molecule whose class matches the class of an
Fc chain within an Fc polypeptide of a first fusion polypeptide within the self-assembled
polypeptide complex). In some embodiments, the ranges for the pharmacokinetic
characteristics discussed herein (e.g., half-life, AUC, and/or Cmax) are obtained when the self-
assembled polypeptide complex is administered to a human subject. In some embodiments,
the ranges for the pharmacokinetic characteristics discussed herein are obtained when the
self-assembled polypeptide complex is administered via a systemic route, e.g., via
intravenous or subcutaneous administration.

[0175] In some embodiments, a self-assembled polypeptide complex as disclosed herein
has a similar half-life to that of reference IgG molecule. The reference IgG molecule may be,
e.g., an antibody from which the antigen-binding antibody fragment within the second and/or
third fusion polypeptide within the self-assembled polypeptide complex is derived. For
example, if the antigen-binding fragment within the second and/or third fusion polypeptide
comprises variable regions from “Antibody A,” then the reference IgG molecule may, in

some embodiments, be “Antibody A.”
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[0176] In some embodiments, after administration to a subject in need thereof, the self-
assembled polypeptide complex has a half-life of from about 3 to 35 days, about 3 to about
28 days, about 3 to about 21 days, about 3 to about 14 days, about 3 to about 10 days, about 3
to about 7 days, about 3 to about 5 days, about 5 to about 35 days, about 5 to about 28 days,
about 5 to about 21 days, about 5 to about 14 days, about 5 to about 10 days, about 5 to about
7 days, about 7 to about 35 days, about 7 to about 28 days, about 7 to about 21 days, about 7
to about 14 days, about 7 to about 10 days, about 10 to about 35 days, about 10 to about 28
days, about 10 to about 21 days, about 10 to about 14 days, about 14 to about 35 days, about
14 to about 28 days, about 14 to about 21 days, about 21 to about 35 days, or about 21 to
about 28 days. In some embodiments, after administration to a subject in need thereof, the
self-assembled polypeptide complex has a half-life of at least 3 days, at least 5 days, at least 7
days, at least 10 days, at least 14 days, at least 21 days, or at least 28 days. In some
embodiments, after administration to a subject in need thereof, the self-assembled
polypeptide complex is detectable in serum after at least 3 days, at least 5 days, at least 7
days, at least 10 days, at least 14 days, at least 21 days, or at least 28 days.

[0177] In some embodiments, a self-assembled polypeptide complex as disclosed herein
has a similar bioavailability to that of reference IgG molecule, e.g., an antibody from which
the Fab fragment comprised in the self-assembled polypeptide complex is derived. For
example, in some embodiments, after administration to a subject in need thereof, the self-
assembled polypeptide complex has an area-under-the-curve (AUC) of from about 10 to
about 8000 day-pg/mL, about 10 to about 7000 day-ug/mL, about 10 to about 6000
day-pg/mL, about 10 to about 5000 day-pug/mL, about 10 to about 4000 day-pg/mL, about 10
to about 3000 day-ug/mL, about 10 to about 2500 day-pg/mL, about 10 to about 1000
day-pg/mL, about 10 to about 1500 day-ug/mL, about 10 to about 1000 day-pg/mL, about 10
to about 750 day-pg/mL, about 10 to about 500 day-pug/mL, about 10 to about 400
day-pg/mL, about 10 to about 300 day-pg/mL, about 10 to about 200 day-pug/mL, about 10 to
about 100 day-ug/mL, about 10 to about 50 day-pg/mL, about 10 to about 25 day-pg/mL,
about 25 to about 8000 day-ug/mL, about 25 to about 7000 day-ug/mL, about 25 to about
6000 day-pg/mL, about 25 to about 5000 day-ug/mL, about 25 to about 4000 day-pg/mL,
about 25 to about 3000 day-ug/mL, about 25 to about 2500 day-ug/mL, about 25 to about
1000 day-ug/mL, about 25 to about 1500 day-ug/mL, about 25 to about 1000 day-ug/mL,
about 25 to about 750 day-pg/mL, about 25 to about 500 day-pg/mL, about 25 to about 400
day-pg/mL, about 25 to about 300 day-pg/mL, about 25 to about 200 day-pug/mL, about 25 to
about 100 day-ug/mL, about 25 to about 50 day-pg/mL, about 50 to about 8000 day-ug/mL,
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about 50 to about 7000 day-ug/mL, about 50 to about 6000 day-ug/mL, about 50 to about
5000 day-pg/mL, about 50 to about 4000 day-ug/mL, about 50 to about 3000 day-pg/mL,
about 50 to about 2500 day-ug/mL, about 50 to about 2000 day-pg/mL, about 50 to about
1500 day-pg/mL, about 50 to about 1000 day-pg/mL, about 50 to about 750 day-ug/mL,
about 50 to about 500 day-pg/mL, about 50 to about 400 day-pg/mL, about 50 to about 300
day-pg/mL, about 50 to about 200 day-pg/mL, about 50 to about 100 day-pg/mL, about 100
to about 8000 day-ug/mL, about 100 to about 7000 day-ug/mL, about 100 to about 6000
day-pg/mL, about 100 to about 5000 day-pg/mL, about 100 to about 4000 day-pg/mL, about
100 to about 3000 day-pg/mL, about 100 to about 2500 day-pg/mL, about 100 to about 1000
day-pg/mL, about 100 to about 1500 day-ug/mL, about 100 to about 1000 day-pg/mL, about
100 to about 750 day-ug/mL, about 100 to about 500 day-ug/mL, about 100 to about 400
day-pg/mL, about 100 to about 300 day-ug/mL, about 100 to about 200 day-pg/mL, about
200 to about 8000 day-pg/mL, about 200 to about 7000 day-pg/mL, about 200 to about 6000
day-pg/mL, about 200 to about 5000 day-ug/mL, about 200 to about 4000 day-pg/mL, about
200 to about 3000 day-pg/mL, about 200 to about 2000 day-pg/mL, about 200 to about 1000
day-pg/mL, about 200 to about 1500 day-ug/mL, about 200 to about 1000 day-pg/mL, about
200 to about 750 day-pg/mL, about 200 to about 500 day-pg/mL, about 200 to about 400
day-pg/mL, about 200 to about 300 day-pug/mL, about 300 to about 8000 day-ug/mL, about
300 to about 7000 day-pg/mL, about 300 to about 6000 day-pg/mL, about 300 to about 5000
day-pg/mL, about 300 to about 4000 day-ug/mL, about 300 to about 3000 day-pg/mL, about
300 to about 2500 day-pg/mL, about 300 to about 2000 day-pg/mL, about 300 to about 1500
day-pg/mL, about 300 to about 1000 day-pg/mL, about 300 to about 750 day-ug/mL, about
300 to about 500 day-ug/mL, about 300 to about 400 day-upg/mL, about 400 to about 8000
day-pg/mL, about 400 to about 7000 day-ug/mL, about 400 to about 6000 day-pug/mL, about
400 to about 5000 day-pg/mL, about 400 to about 4000 day-pg/mL, about 400 to about 3000
day-pg/mL, about 400 to about 2500 day-ug/mL, about 400 to about 2000 day-pg/mL, about
400 to about 1500 day-pg/mL, about 400 to about 1000 day-pg/mL, about 400 to about 750
day-pg/mL, about 400 to about 500 day-pug/mL, about 500 to about 8000 day-ug/mL, about
500 to about 7000 day-pg/mL, about 500 to about 6000 day-pg/mL, about 500 to about 5000
day-pg/mL, about 500 to about 4000 day-ug/mL, about 500 to about 3000 day-pg/mL, about
500 to about 2500 day-ug/mL, about 500 to about 2000 day-ug/mL, about 500 to about 1500
day-pg/mL, about 500 to about 1000 day-pg/mL, about 500 to about 750 day-ug/mL, about
750 to about 8000 day-pg/mL, about 750 to about 7000 day-pg/mL, about 750 to about 6000
day-pg/mL, about 750 to about 5000 day-ug/mL, about 750 to about 4000 day-pg/mL, about
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750 to about 3000 day-pg/mL, about 750 to about 2500 day-pg/mL, about 750 to about 2000
day-pg/mL, about 750 to about 1500 day-ug/mL, about 750 to about 1000 day-pg/mL, about
1000 to about 8000 day-pg/mL, about 1000 to about 7000 day-pg/mL, about 1000 to about
6000 day-pg/mL, about 1000 to about 5000 day-ug/mL, about 1000 to about 4000
day-pg/mL, about 1000 to about 3000 day-pg/mL, about 1000 to about 2500 day-pug/mL,
about 1000 to about 2000 day-pg/mL, about 1000 to about 1500 day-pg/mL, about 1500 to
about 8000 day-pg/mL, about 1500 to about 7000 day-ug/mL, about 1500 to about 6000
day-pg/mL, about 1500 to about 5000 day-pg/mL, about 1500 to about 4000 day-pg/mL,
about 1500 to about 3000 day-pg/mL, about 1500 to about 2500 day-pug/mL, about 1500 to
about 2000 day-pg/mL, about 2000 to about 8000 day-ug/mL, about 2000 to about 7000
day-pg/mL, about 2000 to about 6000 day-ug/mL, about 2000 to about 5000 day-pg/mL,
about 2000 to about 4000 day-pg/mL, about 2000 to about 3000 day-pg/mL, about 2000 to
about 2500 day-pg/mL, about 2500 to about 8000 day-ug/mL, about 2500 to about 7000
day-pg/mL, about 2500 to about 6000 day-pg/mL, about 2500 to about 5000 day-pug/mL,
about 2500 to about 4000 day-pg/mL, about 2500 to about 3000 day-pg/mL, about 3000 to
about 8000 day-pg/mL, about 3000 to about 7000 day-ug/mL, about 3000 to about 6000
day-ug/mL, about 3000 to about 5000 day-ug/mL, about 3000 to about 4000 day-ug/mL,
about 4000 to about 8000 day-pg/mL, about 4000 to about 7000 day-pg/mL, about 4000 to
about 6000 day-pg/mL, about 4000 to about 5000 day-ug/mL, about 5000 to about 8000
day-pg/mL, about 5000 to about 7000 day-ug/mL, about 5000 to about 6000 day-ug/mL,
about 6000 to about 8000 day-pg/mL, about 6000 to about 7000 day-ug/mL, or about 7000 to
about 8000 day-pg/mL. In some embodiments, after administration to a subject in need
thereof, the self-assembled polypeptide complex has an AUC of at least 10 day-ug/mL, at
least 25 day-ug/mL, at least 50 day-pg/mL, at least 100 day-pg/mL, at least 200 day-pg/mL,
at least 300 day-ug/mL, at least 400 day-pg/mL, at least 500 day-pg/mL, at least 750
day-pg/mL, at least 1000 day-ug/mL, at least 1500 day-pg/mL, at least 2000 day-ug/mL, at
least 2500 day-pg/mL, at least 3000 day-ug/mL, at least 4000 day-pg/mL, at least 5000
day-pg/mL, at least 6000 day-pug/mL, at least 7000 day-pg/mL, or at least 8000 day-pg/mL.
[0178] In some embodiments, a self-assembled polypeptide complex as disclosed herein
has a similar bioavailability to that of reference IgG molecule. For example, in some
embodiments, after administration to a subject in need thereof, the self-assembled
polypeptide complex has a maximum concentration (Cmax) of from about 10 pg/mL to about
750 mg/mL, about 25 pg/mL to about 750 mg/mL, about 50 pg/mL to about 750 mg/mL,
about 75 pg/mL to about 750 mg/mL, about 100 pug/mL to about 750 mg/mL, about 250
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pug/mL to about 750 mg/mL, about 500 pg/mL to about 750 mg/mL, about 750 pg/mL to
about 750 mg/mL, about 1 mg/mL to about 750 mg/mL, about 10 mg/mL to about 750
mg/mL, about 25 mg/mL to about 750 mg/mL, about 50 mg/mL to about 750 mg/mL, about
75 mg/mL to about 750 mg/mL, about 100 mg/mL to about 750 mg/mL, about 250 mg/mL to
about 750 mg/mL, about 500 mg/mL to about 750 mg/mL, about 10 ug/mL to about 500
mg/mL, about 25 ug/mL to about 500 mg/mL, about 50 pug/mL to about 500 mg/mL, about
75 ug/mL to about 500 mg/mL, about 100 pg/mL to about 500 mg/mL, about 250 pg/mL to
about 500 mg/mL, about 500 pg/mL to about 500 mg/mL, about 750 pg/mL to about 500
mg/mL, about 1 mg/mL to about 500 mg/mL, about 10 mg/mL to about 500 mg/mL, about
25 mg/mL to about 500 mg/mL, about 50 mg/mL to about 500 mg/mL, about 75 mg/mL to
about 500 mg/mL, about 100 mg/mL to about 500 mg/mL, about 250 mg/mL to about 500
mg/mL, about 10 pg/mL to about 250 mg/mL, about 25 ug/mL to about 250 mg/mL, about
50 ng/mL to about 250 mg/mL, about 75 pug/mL to about 250 mg/mL, about 100 pg/mL to
about 250 mg/mL, about 250 pg/mL to about 250 mg/mL, about 500 pg/mL to about 250
mg/mL, about 750 pg/mL to about 250 mg/mL, about 1 mg/mL to about 250 mg/mL, about
10 mg/mL to about 250 mg/mL, about 25 mg/mL to about 250 mg/mL, about 50 mg/mL to
about 250 mg/mL, about 75 mg/mL to about 250 mg/mL, about 100 mg/mL to about 250
mg/mL, about 10 png/mL to about 100 mg/mL, about 25 pg/mL to about 100 mg/mL, about
50 pug/mL to about 100 mg/mL, about 75 pug/mL to about 100 mg/mL, about 100 ug/mL to
about 100 mg/mL, about 250 pg/mL to about 100 mg/mL, about 500 pg/mL to about 100
mg/mL, about 750 pug/mL to about 100 mg/mL, about 1 mg/mL to about 100 mg/mL, about
10 mg/mL to about 100 mg/mL, about 25 mg/mL to about 100 mg/mL, about 50 mg/mL to
about 100 mg/mL, about 75 mg/mL to about 100 mg/mL, about 10 pg/mL to about 75
mg/mL, about 25 ug/mL to about 75 mg/mL, about 50 pg/mL to about 75 mg/mL, about 75
pug/mL to about 75 mg/mL, about 100 pg/mL to about 75 mg/mL, about 250 pg/mL to about
75 mg/mL, about 500 pg/mL to about 75 mg/mL, about 750 pg/mL to about 75 mg/mL,
about 1 mg/mL to about 75 mg/mL, about 10 mg/mL to about 75 mg/mL, about 25 mg/mL to
about 75 mg/mL, about 50 mg/mL to about 75 mg/mL, about 10 pg/mL to about 50 mg/mL,
about 25 pg/mL to about 50 mg/mL, about 50 pg/mL to about 50 mg/mL, about 75 pg/mL to
about 50 mg/mL, about 100 ug/mL to about 50 mg/mL, about 250 pg/mL to about 50
mg/mL, about 500 ug/mL to about 50 mg/mL, about 750 pg/mL to about 50 mg/mL, about 1
mg/mL to about 50 mg/mL, about 10 mg/mL to about 50 mg/mL, about 25 mg/mL to about
50 mg/mL, about 10 ug/mL to about 25 mg/mL, about 25 pg/mL to about 25 mg/mL, about
50 pug/mL to about 25 mg/mL, about 75 pg/mL to about 25 mg/mL, about 100 ug/mL to
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about 25 mg/mL, about 250 pug/mL to about 25 mg/mL, about 500 pg/mL to about 25
mg/mL, about 750 pg/mL to about 25 mg/mL, about 1 mg/mL to about 25 mg/mL, about 10
mg/mL to about 25 mg/mL, about 10 ug/mL to about 10 mg/mL, about 25 pg/mL to about 10
mg/mL, about 50 ug/mL to about 10 mg/mL, about 75 pg/mL to about 10 mg/mL, about 100
pg/mL to about 10 mg/mL, about 250 pg/mL to about 10 mg/mL, about 500 pg/mL to about
10 mg/mL, about 750 pg/mL to about 10 mg/mL, about 1 mg/mL to about 10 mg/mL, about
10 pg/mL to about 1 mg/mL, about 25 pg/mL to about 1 mg/mL, about 50 pg/mL to about 1
mg/mL, about 75 ng/mL to about 1 mg/mL, about 100 pg/mL to about 1 mg/mL, about 250
pg/mL to about 1 mg/mL, about 500 ug/mL to about 1 mg/mL, about 750 ug/mL to about 1
mg/mL, about 10 ug/mL to about 750 pg/mL, about 25 ug/mL to about 750 ug/mL, about 50
pug/mL to about 750 ug/mL, about 75 pg/mL to about 750 ug/mL, about 100 pg/mL to about
750 pg/mL, about 250 pg/mL to about 750 pg/mL, about 500 pg/mL to about 750 ug/mL,
about 10 pg/mL to about 500 pg/mL, about 25 pg/mL to about 500 pg/mL, about 50 pg/mL
to about 500 pg/mL, about 75 pg/mL to about 500 pg/mL, about 100 ug/mL to about S00
pug/mL, about 250 pug/mL to about 500 pg/mL, about 10 ug/mL to about 250 pug/mL, about
25 ug/mL to about 250 ug/mL, about 50 ug/mL to about 250 ug/mL, about 75 pg/mL to
about 250 pg/mL, about 100 pug/mL to about 250 ug/mL, about 10 ug/mL to about 100
pug/mL, about 25 pg/mL to about 100 pg/mL, about 50 pg/mL to about 100 ug/mL, about 75
pg/mL to about 100 ng/mL, about 10 pg/mL to about 75 png/mL, about 25 pg/mL to about 75
pug/mL, about 50 pg/mL to about 75 pg/mL, about 10 ug/mL to about 50 pg/mL, about 25
pug/mL to about 50 pug/mL, or about 10 pg/mL to about 25 pg/mL. In some embodiments,
after administration to a subject in need thereof , the self-assembled polypeptide complex has
a maximum concentration (Cmax) of at least 10 ug/mlL, at least 25 pg/mL, at least 50 ug/mL,
at least 100 ug/mL, at least 250 ug/mL, at least 500 pg/mL, at least 750 pg/mL, at least 1
mg/mL, at least 10 mg/mL, at least 25 mg/mL, at least 50 mg/mL, at least 75 mg/mL, at least
100 mg/mL, at least 250 mg/mL, at least 500 mg/mL, or at least 750 mg/mL when

administered to a subject in need thereof.

Functional effects

[0179] In certain embodiments, a provided self-assembled polypeptide complex is capable
of antibody-dependent cellular phagocytosis (ADCP). In some embodiments, the ADCP is
induced at a level of at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at
least 45%, at least 50%, at least 55%, or at least 60% internalization of target. Methods of
measuring ADCP are known in the art and include, for example, in vitro assays that utilize a

macrophage cell line and a target.
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C. Methods of treatment

[0180] In one aspect, provided are methods that may be useful for treating, ameliorating, or
preventing a disease or a condition (e.g., an infectious disease, cancer, or an autoimmune
disease), generally comprising a step of administering a composition comprising a self-
assembled polypeptide complex of the present disclosure to a subject.

[0181] In some embodiments, the subject is a mammal, e.g., a human.

[0182] Compositions for administration to subjects generally comprise a self-assembled
polypeptide complex as disclosed herein. In some embodiments, such compositions further
comprise a pharmaceutically acceptable excipient.

[0183] Compositions may be formulated for administration for any of a variety of routes of
administration, including systemic routes (e.g., oral, intravenous, intraperitoneal,

subcutaneous, or intramuscular administration).

EXAMPLES

Example 1. Expression and analysis of representative Multabodies
[0184] In this Example, Multabodies (MBs) were formed by fusion proteins generated by

fusing together a human ferritin light chain (hFTL, SEQ ID NO:1), N-terminal fragment
(residues 1-90) of hFTL (N_hFTL, SEQ ID NO:2), or C-terminal fragment (residues 91-175)
of hFTL (C_hFTL, SEQ ID NO:3) with a single-chain Fab (scFab) and/or a fragment
crystallizable region (Fc) or single chain Fc-dimer (scFc), via a linker, such as a (Glya-Ser)m
peptide linker as described herein. The different formats that were generated are illustrated in
FIG. 1.

[0185] T-01 MB: genes encoding fusion proteins (1) scFab of HIV-neutralizing antibody
PGDM 1400 fused to the N-terminus of hFTL (PGDM1400-hFTL, SEQ ID NO:27), (2) scFc
fused to the N-terminus of N_hFTL (scFc-N_hFTL, SEQ ID NO:34), (3) scFab of HIV-
neutralizing antibody N49P7 fused to the N-terminus of C_hFTL (N49P7-C_hFTL, SEQ ID
NO:28), and (4) scFab of HIV-neutralizing antibody 10E8v4 fused to the N-terminus of
C_hFTL (10E8v4-C_hFTL, SEQ ID NO:30) were prepared, mixed at a molar ratio of 4:2:1:1
and transiently transfected into HEK 293F cells for the production and formation of T-01 MB
See, FIG. 1B.

[0186] T-02 MB: genes encoding fusion proteins (1) PGDM1400-hFTL (SEQ ID NO:27),
(2) scFe-N_hFTL (SEQ ID NO:34), (3) scFab of anti-CD4 antibody ibalizumab (iMab) fused
to the N-terminus of C_hFTL (iMab-C_hFTL, SEQ ID NO:31), and (4) 10E8v4-C_hFTL
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(SEQ ID NO:30) were prepared, mixed at a molar ratio of 4:2:1:1, and transiently transfected
into HEK 293F cells for the production and formation of T-02 MB. See, FIG. 1B.

[0187] T-01 MB.v2: genes encoding fusion proteins (1) PGDM1400-hFTL (SEQ ID
NO:27), (2) scFab of N49P7 fused to the N-terminus of N_hFTL (N49P7-N_hFTL (SEQ ID
NO:29), and (3) an Fc monomer fused to the C-terminus of 10E8-C_hFTL (10E8v4-

C hFTL-Fc, SEQ ID NO:32) were prepared, mixed at a molar ratio of 3:1:1, and transiently
transfected into HEK 293F cells for the production and formation of T-01 MB.v2. See, FIG.
1D. (As described for “T-01 MB” above, 10E8-C_hFTL contains the scFab of HIV -
neutralizing antibody 10E8v4 fused to the N-terminus of C_hFTL. Thus, the construct
10E8v4-C_hFTL-Fc (SEQ ID NO:32) contains a C-half ferritin with the Fab3 at the N-
terminus of the C-half ferritin and an Fc monomer at the C-terminus of the C-half ferritin.)
[0188] The Multabodies described in this Example had wild-type (WT) Fc or engineered
IgGl1 Fc. Such an engineered IgG1 Fc contained any one or more mutations of L234A,
L235A, K288A, 1253V, 1253 A, P329G, M428L, N434S, or any combinations thereof
(according to the EU numbering scheme). For example, T-01 MB IgG1 K288A had
engineered IgG1 Fc with the K288A mutation; T-01 MB IgG1 LALAP had engineered IgG1
Fc with mutations of L234A, L235A, and P329G; T-01 MB.v2 IgG1 LS had engineered 1gG1
Fc with mutations of M428L and N434S.

[0189] The Multabodies were purified using Protein A affinity chromatography, optionally
followed by Protein L affinity chromatography. Fractions containing the Multabodies were
concentrated and further purified by size-exclusion chromatography (SEC) in sodium
phosphate buffer. After SEC purification, negative-stain electron microscopy (EM) and/or
SEC with inline multi-angle light scattering (SEC-MALS) was used to evaluate the size the
of the of the formed Multabodies.

Example 2. Binding of Multabodies towards Fc receptors determined by biolayer
interferometry

[0190] The binding kinetics and affinity to Fc receptors—human Fcy receptor I (hFcyRI),
hFcyRIla, and hFcyRIIb— of Multabodies comprising different Fc mutations were
determined by biolayer interferometry (BLI) using an Octet RED96 BLI system (Pall
ForteBio).

[0191] Briefly, His-tagged Fc receptors were loaded onto Ni-NTA biosensors to reach a
signal response of 0.8 nm. The association rates were measured by transferring the loaded
biosensors to wells containing serial dilutions of the test Multabodies (20-10-5-2.5-1.25-0.65
nM) or IgG1 control (250-125-62.5-31.2-15.6-7.8 nM), with a contact time of 180 s. The
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IgGl control is a cocktail of PGDM1400, N49P7, and 10E8v4 antibodies, all with wild-type
IgG1 backbone. In order to assess the potential of the Multabodies to undergo endosomal
recycling, their bindings to the hFcRn/B2-microglobulin complex were measured at both
physiological pH (7.4) and acidic pH (5.6).

[0192] Fc¢ mutations of IgG1 backbone evaluated in Multabodies include: K288A, 1253V,
and 1253 A that decrease antibody binding to FcRn; P329G, LALA (L234A, L235A), and
LALAP (L234A, L235A and P329G) that decrease antibody binding to FcyRs; and
combinations thereof. (Numberings are according to the EU numbering scheme.)

[0193] Representative examples for the relevant segment of the resulting sensorgrams are
provided in FIGs. 3A, 3B, 3C, 3D, 3E, and 3F. The values determined for kon, Kofr, and the
resulting equilibrium dissociation constant (Kp) for the Multabodies are summarized in
Tables 1 and 2.

[0194] Atacidic pH (5.6), T-01 MB with wild-type IgG1 Fc binds to FcRn with over 1000-
fold higher affinity compared to the IgG1 control; the same is also observed for T-01 MB
with K288A, 1253V, P329G, LALA, LALAP, K288A + P329G, or K288A + LALAP IgGl
Fc mutations. T-01 MB with 1253 A or 1253A + LALAP IgG1 Fc mutations have a similar
binding ability to FcRn at pH 5.6 compared to the IgG1 control. At physiological pH (7.4), T-
01 MB with wild-IgGl1 Fc, P329G IgG1 Fc mutation, LALA IgG1 Fc mutations, or LALAP
IgG1 Fc mutations show measurable binding to FcRn.

[0195] T-01 MB with wild-type IgG1 Fc binds to hFcyRI, hFcyRIIa, and hFcyRIIb with
over 1000-fold higher affinity compared to the IgG1 control. Multabodies with P329G,
LALA, or LALAP IgG1 Fc mutation(s) show reduced binding or non-binding to the tested
Fey receptors.

[0196] T-01 MB.v2 with wild-type IgG1 Fc or with LS Fc mutations has a FcRn binding
profile more similar to IgG1, with comparable binding ability to human FcRn at acidic pH
and no binding at physiological pH. Further, T-01 MB.v2 with type IgG1 Fc or LS mutations
shows reduced binding to the high affinity FcyRI and no binding to the low affinity Fcy
receptors tested, similar to T-01 MB containing the LALAP mutations.

[0197] Among the tested Fc mutations and mutation combinations, the 1253A + LALAP
IgG1 Fc mutation combination adjusts the Fc receptor binding profile of the Multabody (in T-
01 MB format) to IgG1-like.
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Table 1. Kinetic constants and affinities to FcRn of Multabodies determined by BLI

FcRn, pH 5.6
Multabody
Kon [M1x 57 Kote [$7] Ko [M]

IgG1 control 5.80E+05 1.07E-03 1.85E-09
T-01 MB IgGl WT* 8.29E+05 <1.0E-07 <1.0E-12
T-01 MB IgG2 WT 9.19E+03 <1.0E-07 <1.0E-12
T-01 MB IgG4 WT 2.93E+03 <1.0E-07 <1.0E-12
T-01 MB IgG1 1253A 8.22E+05 2.01E-03 2.44E-09
T-01 MB IgG1 1253V 1.76E+06 <1.0E-07 <1.0E-12
T-01 MB IgG1 K288A 8.49E+05 <1.0E-07 <1.0E-12
T-01 MB IgG1 P329G* 9.08E+05 <1.0E-07 <1.0E-12
T-01 MB IgG1 L234A L235A (LALA)* 8.09E+05 <1.0E-07 <1.0E-12
T-01 MB IgG1 LALA P329G (LALAP)* | 8.38E+05 <1.0E-07 <1.0E-12
T-01 MB IgG2 K288A P329G 8.71E+05 <1.0E-07 <1.0E-12
T-01 MB IgG1 LALAP K288A 8.42E+05 <1.0E-07 <1.0E-12
T-01 MB IgGl LALAP I253A 7.39E+05 1.29E-03 1.75E-09
T-01 MB.v2 IgG1 WT 7.39E+05 1.79E-03 2.42E-09
T-01 MB.v2 I[gG1 M428L N434S (LS) 2.94E+05 1.25E-03 4.23E-09

* Multabody shows residual binding to FcRn at pH 7.4
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Table 2. Kinetic constants and affinities to Fcy receptors of Multabodies determined by BLI

FcyRI FeyRIla FcyRIIb

Multabody [Mk;"; .| koff | KD [M'f;"; .| koff | KD [Mk;"; .| koff | KD

s (PRPYS sy |y (PR EE L s | v
1gG1 control |4.28E+04 I%iE' 2'%213' 2.39E+05 3%§E' 1.48E-087.21E+04 2%‘;]5'3.5315-08
T'On\\ﬁlgc’l 6.72E+05 <l(')(;E' <11'2E' 9.63E+05 <1(')(;E' <11'2E' 1.19E+06 <102E' <11'gE'
T-Olh\;[/]%Ing 7.58E+03 l'ng' 2'%3;]5' 433E+03 z‘fi"E' 6.06E-10{6.37E+05 1'%3;]3' 1.61E-09)
T'Oll\\ﬁlgm 8.35E+05 <10‘(;E' <1l'gE' 1.14E+06 4‘?)3]5' 3.91E-101.37E+06 3'%'1]5' 2.23E-10)
T-01112\/513B ggGl 6. 05E+05 <1(.)(;E- <11.2E- 7 635403 <1(_)2E- <1£E- | 39E106 <16(;E- <1I_3E-
T-Ollé\/sl?]?\}gGl 7.56E+05 <1(‘)(;E' <11.gE- 1.09E+06 <1(')(;E' <11gE- 1.39E+06 <10'(;E' <11gE'
T'Og’gigm 5.78E+05 <16‘;E' <112E' 1.07E+06 <1(')(;E' <11'gE' 1.25E+06 <16‘;E' <11gE'
T'Olpg’g’égm 6.65E+03 z.z(th- 37151E 2.22E+05 5'%35E' D.49E-10) - - bhﬂ‘i’ng
T'OlLI\A/IEigGI 5.58E+05 1.2215- 2'91?5' 5.81E+05 1%%‘ 2.08E-106.49E+05 3'%‘1]5' 6.07E-10
T ALAp - [030m0s MU 1| - | - lbindmgl © | | binding
kossnp3a06 * 2B |10 | - | - |mdmg| - | - |vinding

T-01 MBIgGl | oo [ 161E-[2.69E- _ | Mo ) _ | Mo
LALAP K288A|™ 04 10 binding binding
tacapiin [P0 %0 |0 | - | - loimdmgl - | - |binding
earwr PO TG T - | - lidn] | |binding
Tgairs . [P0 T T - | - loimdingl 0 |- |binding

Example 3. Target Binding of Multabodies determined by biolayer interferometry
[0198] The binding kinetics and affinity to the respective target of PGDM1400, N49P7,

10E8v4, or iMab, as included as Fab in the Multabodies, were determined by BLI using an
Octet RED96 BLI system (Pall ForteBio).

[0199] The experiments were performed similarly as described in Example 2, except that
Hi-tagged targets— BGS5050 SOSIP.664 D368R, gp120 subunit 93THO057, gp41 membrane-
proximal external region (MPER), and soluble CD4 for PGDM1400, N49P7, 10E8v4, and
iMab, respectively—were loaded onto Ni-NTA biosensors to reach a signal response of 0.8
nm. The loaded biosensors were then titrated with test Multabodies, PGDM 1400, N49P7,
10E8v4, or iMab antibody (with a wild-type IgG1 backbone), or a cocktail (IgG1 control) of
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PGDM 1400, N49P7, and 10E8v4 antibodies (all with a wild-type IgG1 backbone) at various

concentrations.

[0200] Representative examples for the relevant segment of the resulting sensorgrams are
provided in FIGs. 4A, 4B, 4C, 4D, and 4E. The values determined for kon, kot, and the

resulting equilibrium dissociation constant (Kp) for the Multabodies are summarized in
Tables 3 and 4.

Table 3. Kinetic constants and affinities to target binding of Multabodies determined by BLI

BG5050 SOSIP.664 D368R 93THO057 gp41 MPER
Mu“abOdy l{on koff I(D kon koff I(D kon koff KD
Mixs?)| [s | (M) [[Mixst)] [sY | [M] [M'xs'| [s'] | [M]
TaG1 control | 1.00E+05|7.21E-04|7.20E-09| 8.02E+04 | 1.08E-04{1.34E-09] 4.16E+04 [1.15E-04[2.77E-09
T-01 MB |8 03E+05|<1.0E-07|<1.0E-12| 3.33E+05 [<1.0E-07|<1.0E-12| 3.87E+05 |<1.0E-07|<1.0E-12
IgGl WT
T-01 MB |9 79E+05|<1.0E-07|<1.0E-12| 4.65E+05 [<1.0E-07|<1.0E-12| 4. 85E+05 |<1.0E-07|<1.0E-12
1gG2 WT
T-01 MB |7 36E+05|<1.0E-07|<1.0E-12| 4.25E+05 |<1.0E-07|<1.0E-12| 4. 21E+05 |<1.0E-07|<1.0E-12
IgGl1 1253A
T-01 MB |1 04E+06|<1.0E-07|<1.0E-12| 4.58E+05 |<1.0E-07|<1.0E-12| 5.00E+05 |<1.0E-07|<1.0E-12
IgG1 K288A
T-01 MB |9 78E+05|<1.0E-07|<1.0E-12| 5.44E+05 [<1.0E-07|<1.0E-12| 2.42E+05 |<1.0E-07|<1.0E-12
IgG1 P329G
T-01 MB |1 18E+06|<1.0E-07|<1.0E-12| 5.83E+05 |<1.0E-07|<1.0E-12| 1.35E+05 |<1.0E-07|<1.0E-12
IgGl LALA
T-01 MB |9 39E+05|<1.0E-07|<1.0E-12| 4.56E+05 [<1.0E-07|<1.0E-12| 5.25E+05 |<1.0E-07|<1.0E-12
IgGl LALAP
T-01 MB
ToG2 K288A | 1.08E+06|<1.0E-07|<1.0E-12| 6. 51E+05 |<1.0E-07|<1.0E-12| 436E+05 [<1.0E-07|<1.0E-12
P329G
T-01 MB
IgG1 LALAP|1.25E+06|<1.0E-07|<1.0E-12| 6 21E+05 |<1.0E-07|<1.0E-12| 3.36E++05 |<1.0E-07<1.0E-12
K288A
T-01 MB
TeG1 LALAP|1.11E+06|<1.0E-07|<1.0E-12| 6.68E+05 |<1.0E-07|<1.0E-12| 2.25E+05 |<1.0E-07<1.0E-12
1253A
T-01 MB.v2 |1 08E+06|<1.0E-07|<1.0E-12| 6.13E+05 |<1.0E-07|<1.0E-12| 1.83E~+05 |<1.0E-07|<1.0E-12
IgGl WT
T-IOIGl}/IESﬂ 9.15E+05 |<1.0E-07|<1.0E-12| 4.98E+05 |<1.0E-07|<1.0E-12| 1.80E+05 |<1.0E-07|<1.0E-12
g
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Table 4. Kinetic constants and affinities to target binding of Multabodies determined by BLI

BGS050 SOSIP.664
93THO0S57 |gp41 MPER CD4
D368R
Kon [M x 8] 8.12E+05 3.67E+05 3.54E+05 -
T-01 MB Kotr [$7] <1.0E-07 <1.0E-07 <1.0E-07 -
Ko [M] <1.0E-12 <1.0E-12 <1.0E-12 | No binding
Kon [M1x 8] 8.93E+05 - 4.16E+05 5.08E+05
T-02 MB Kor [871] <1.0E-07 - <1.0E-07 <1.0E-07
K» [M] <1.0E-12 No binding <1.0E-12 <1.0E-12
PGDM1400 |k, [M? x §7) 6.90E+03 - - -
Kotr [$7] 2.62E-04 - - -
K»p [M] 3.80E-08 No binding | No binding | No binding
N49P7  [Kon [M! x 571 - 1.53E+05 - -
Kot [$7] - 1.11E-03 - -
Ko [M] No binding 1.39E-10 No binding | No binding
10E8v4  [Kon [M™' x §71] - - 6.51E+04 -
Kotr [s'] - - 1.90E-04 -
Kb [M] No binding No binding 2.92E-09 No binding
iMab Kon [M™ x 57 - - - 8.54E+04
Kor [$7'] - - - <1.0E-07
Kb [M] No binding No binding | No binding <1.0E-12

Example 4. Pharmacokinetics of Multabodies in mice

[0201]

IgG1 Fc were performed in mice.

[0202]

Test Multabodies or IgG1 control were injected into five CB17/Icr-

Analyses of the pharmacokinetics of Multabodies with wild-type Fc or engineered

Prkdc®“/TerlcoCrl immunodeficient (SCID) mice/group on day 0 at a dose of 5 mg/kg. The
IgGl1 control is a cocktail of PGDM 1400, N49P7, and 10E8v4 antibodies, all with a wild-

type IgG1 backbone. Serum samples were taken from day 1 and every two days for 9 days.

On day 10, an additional dose of 5 mg/kg was administered and serum samples collected on
day 11 and day 15.

[0203]

mutation combination, or M428L + N434S (LS) Fc mutation combination were

In addition, Multabodies containing wild-type Fc, LALAP + 1253A IgG1 Fc

subcutaneously injected in NOD/Shi-scid/IL-2Rynull immunodeficient (NCG) mice (3

mice/group) at a single dose of 5 mg/kg. Blood samples were collected at multiple time

points following the injection. IgG1 control was tested in parallel.
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[0204] Levels of circulating Multabodies was assessed by ELISA. Briefly, 96-well plates
were coated with 50 pL of His-tagged antigens recognized by the Fabs in the Multabodies at
0.5 pg/mL. Serum/blood samples were diluted and added to the wells. Bound agents were
detected using HRP-Protein A as a secondary molecule. The chemiluminescence signal was
quantified using a Microplate Reader. A calibration curve with standard protein dilutions was
prepared.

[0205] FIGs. 5B-5E and FIG. 6B show plots of the plasma concentration over time for
tested Multabodies. LALAP +1235A, LALAP + K288A, and K288A + P329G mutation
combinations were able to restore the serum level of T-01 MB to similar to the IgG1 control;
LS mutation combination was able to restore the serum level of T-01 MB.v2 to similar to the
IgG1 control. Accordingly, T-01 MB IgG1 LALAP 1235A, T-01 MB IgGl LALAP K288A,
T-01 MB IgG1 K288A P329G, and T-01 MB.v2 IgGI LS display antibody-like

pharmacokinetics or favorable pharmacokinetic profiles.

Example S. Assessment of Multabody-induced antibody-dependent cellular

phagocytosis
[0206] The potential of selected Multabodies to induce antibody-dependent cellular

phagocytosis (ADCP) was assessed using THP-1 cell line.

[0207] Red fluorescent FluoSpheres NeutrAvidin microspheres were coated with
biotinylated 93THO057 gp120 (antigen of N49P7) and incubated with the T-01 MB IgGl
LALAP I1253A or T-01 MB.v2 IgG1 LS or an IgG1 cocktail of PGDM1400, N49P7, and
10E8v4 IgG1 antibodies at various concentrations for 2 h at 37 °C, followed by the addition
of 200 uL THP-1 cells at 5 x 10* cells/well. After 16 h, cells were pelleted and washed with
PBS. The viability of cells was determined using Live/Dead Fixable Violet Stain. Cells
washed with PBS were fixed with 2% paraformaldehyde for 20 min at room temperature,
pelleted, and washed once with FACS buffer (PBS + 10% FBS, 0.5 mM EDTA). Cells were
subsequently analyzed using a BD LSR II Flow Cytometer, and data analyzed using FlowJo.
IgG1 and Multabody controls with no affinity for 93THO057 gp120 were tested in parallel;
FcR binding inhibitor antibody (Invitrogen, 14-9161-73) was used to block Fc-mediated
internalization.

[0208] The results are depicted in FIG. 7. The phagocytosis was quantified and represented
as the percentage increase in the internalization of 93TH057-coated microspheres compared
to non-coated microspheres. T-01 MB.v2 IgG1 LALAP 1253 A induces a dose-dependent
ADCP, comparable to that of the IgG1 control, despite of the low binding to FcyRI (see
Example 2).
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Example 6. Assessment of Multabody-mediated neutralization of HIV-1

[0209] The ability of selected Multabodies to neutralize HIV-1 was assessed using the
TZM-bl assay, which measures HIV-1 neutralization as a function of reductions in HIV-1
Tat-regulated firefly luciferase (Luc) reporter gene expression after a single round of
infection with Env-pseudotyped viruses.

[0210] Briefly, HIV-1 pseudotyped viruses were generated by co-transfection of 293T cells
with the HIV-1 subtype B backbone NL4-3.Luc.RE plasmid, the plasmid encoding the full-
length Env clone. Test Multabodies, antibodies of the Fabs included in Multabodies, IgG1
control-1 (a cocktail of PGDM 1400, N49P7, and 10E8v4 IgGl antibodies), IgG1 control-2 (a
cocktail of PGDM1400, iMab, and 10E8v4 IgG1 antibodies), or N6/PGDM1400x10E8v4
trispecific antibody (directed to the CD4bs, V1V2 apex, and MPER binding sites) were
incubated with a 10-15% tissue culture infectious dose of pseudovirus for 1 h at 37 °C prior to
a 44-72 h incubation with the cells transfected with the pseudotyped viruses. Virus
neutralization was monitored by adding Britelite plus reagent (PerkinElmer) to the cells and
measuring luminescence in relative light units (RLUs) using a Synergy Neo2 Multi-Mode
Assay Microplate Reader. Test articles were assayed against a single pseudovirus or a panel
of 14 or 25 pseudoviruses (14- or 25-PsV panel). The 25-PsV panel included the strains in the
14-PsV panel, with the addition of 11 HIV-1 strains highly resistant to PDGM1400 in the 14-
PsV panel. Thus, the 25-PsV panel contains 56% of PsV variants resistant (cutoff ICso set at
10 pg/mL) to PDGM 1400 IgG neutralization.

[0211] Exemplary results are shown in FIGs. 8A, 8B, 8C, and 8D, and the values
determined for ICso and breadth of neutralization are summarized in Tables 5 and 6. The
Multabodies display a decrease of approximately one and two orders of magnitude in the
median ICso values compared to the ICso values of the IgG cocktails and the tri-specific
antibody, respectively. T-01 MB.v2, in which the neutralization profile of antibodies N49P7
and 10E8v4 were more dominant than in other multabodies, achieved 100% neutralization in
the 25-PsV panel.

[0212] When tested against an extended multiclade panel of 118 PsV, T-01 MB.v2 matched
the pan-neutralization breadth of the corresponding IgG cocktail (100% virus coverage,
cutoff ICso set at 10 ug/mL), yet displayed a remarkable neutralization potency (FIG. 21C-D,
FIG. 22A and Table 9). Specifically, the IgG cocktail and T-01 MB were only able to
neutralize 9% and 8% of the PsV with an ICso value of 0.001 nug/mL, respectively, while in
the case of T-01 MB.v2, 50% of the PsVs were still neutralized with an ICso value of only
0.001 pg/mL (FIG. 21C). Remarkably, Multabodies achieved a median ICso value of only
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0.0009 pg/mL (0.4 pM) and hence achieved pan-neutralization 32- and 490-fold more

potently in mass and molarity, respectively, compared to the IgG cocktail (FIG. 21D). In

addition, the ICso of T-01 MB.v2 confirmed its superior neutralization propensity over both

the individual IgGs and the IgG cocktail, neutralizing 96% of all viral strains tested with a

median ICso value of 0.005 pg/mL (2.2 pM) (FIG. 21C-D, FIG. 22A and Table 9).

Importantly, Multabodies also blocked infection of primary peripheral blood mononuclear

cells (PBMCs) with the replication-competent CXCR4-tropic HIV-1 IIIB strain (FIG. 22B),

showing enhanced potency over the matched IgG mix, and without any impact on cell

viability (FIG. 22C).

Table 5. Neutralization of HIV by Multabodies

14-PsV Panel

25-PsV Panel

Multabody Median ICso % Virus Median ICso % Virus
[ng/mL] Neutralized [ng/mL] Neutralized
PGDM1400 IgGl 0.096 71 10 44
10E8.v4 IgG1 1.8 86 1.72 88
N49P7 1gG1 0.48 79 1.24 80
iMab IgGl1 0.12 93 -- --
IgG1 Control-1 0.086 100 0.56 88
IgG1 Control-2 0.10 100 - --
N6/PGDM1400x10E8v4 0.13 100 - --
T-01 MB (IgG1) 0.009 93 1.9 84
T-01 MB.v2 (IgG1) 0.0049 100 0.07 100
T-02 MB (IgG1) 0.008 100 -- --
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Table 6. Neutralization of HIV by Multabodies

Multabody ICso
T-01 MB IgGl1 0.014 nM
T-01 MB IgG2 0.018 nM
T-01 MB IgG1 P329G 0.0094 nM
T-01 MB IgGl LALA 0.0041 nM
T-01 MB IgGl LALAP 0.012 nM
T-01 MB IgG1 K288A 0.014 nM
T-01 MB IgGl1 1253A 0.015 nM
T-01 MB IgG1 K288A P329G 0.0042 nM
T-01 MB IgGl LALAP K288A 0.0060 nM
T-01 MB IgG1 LALAP 1253A 0.0074 nM

Example 7. Assessment of inhibition of HIV-1 infection by Multabody
[0213] The ability of selected Multabodies to inhibit HIV-1 infection was assessed using

human peripheral blood mononuclear cells (PBMCs).

[0214] Briefly, PBMCs were obtained from three healthy blood donors and activated with
phytohemagglutinin (PHA) in the presence of recombinant human IL-2 in complete RPMI
medium supplemented with 10% fetal bovine serum (FBS) for 72 h prior to HIV-1 infection.
The laboratory CXCR4-tropic HIV-1 isolate IIIB was incubated with testing Multabodies or
an IgGl control for 1 h at room temperature and then added to the activated PBMCs in
triplicates. The IgG1 control is a cocktail of PGDM1400, N49P7, and 10E8v4 antibodies, all
with an wild-type IgG1 backbone. Infected cells were cultured in the presence or absence of
the testing Multabodies or antibody controls at doses ranging from 0.01-10 ug/mL. The levels
of HIV-1 replication were assessed at day 7 post-infection by measuring the extracellular
release of p24 Gag protein in cell-free culture supernatants using a high-sensitivity
AlphaL.ISA p24 detection kit on a BioTEK Synergy Plate Reader, according to the
manufacturer’s protocols. Cell viability was also assessed on day 7 of infection by fixing the
cells in 2% PFA, and the absolute number of cells was counted by flow cytometry using a BD
LSRFortessa (Becton Dickinson).

[0215] Exemplary results are shown in FIGs. 9A and 9B. The Multabodies (T-01 MB and
T-01 MB.v2) were able to inhibit the infection of primary PBMCs by the replication-
competent CXCR4-tropic HIV-1 isolate IIIB, with enhanced potency compared to the IgG1

control and without any impact on cell viability.
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Example 8. Characterization of thermostability of Multabody

[0216] The melting temperature (Tm) and aggregation temperature (Tagg) of the
Multabodies and reference molecules (parental antibodies PGDM 1400, N49P7, 10E8v4, and
iMab; PGDM1400x 10E8v4 trispecific antibody) were determined using a UNit system.
Samples were concentrated to 1.0 mg/mL and subjected to a thermal ramp from 25 to 95 °C
with 1 °C increments. Ty, was obtained by measuring the barycentric mean fluorescence; Tagg
was determined as the temperature at which 50% increase in the static light scattering at a
266 nm wavelength relative to baseline was observed. The average and the standard error of 3
independent measurements were calculated using the UNit analysis software. Table 7
summarizes the Ty, and Tagg.

[0217] Stability of Multabodies was further analyzed under accelerated conditions. Samples
were concentrated to 10 mg/mL and incubated at 40 °C for four weeks. Each week, the
percentage of properly folded protein was calculated based on the soluble content from SEC.
Multabodies were highly stable under these conditions, with over 70% of the sample
remaining soluble for 30 days. (See. FIG. 10A).

[0218] Additionally, a sample before (week 0) and after (week 4) the incubation period was
assessed in a PsV neutralization assay to compare the biological function of the molecules.
Stability was further confirmed by only a modest loss in neutralization potency at week 4 in
comparison to their potency at week 0. (See FIG. 10B).

[0219] Tested Multabodies have similar thermostability compared to the reference
molecules and are stable for at least four weeks when stored at 40 °C with minimal loss in

neutralization potency.

Table 7. Melting temperature (T) and aggregation temperature (Taq.) of Multabodies

Multabody Tm [°C] Tagg [°C]
PGDM1400 IgGl 53 67
10E8.v4 IgG1 69 72
N49P7 IgGl 65 81
iMab IgGl 68 76
T-01 MB IgGl WT 63 68
T-02 MB IgG1 WT 66 69
T-01 MB.v2 IgG1 WT 65 68
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Example 9. Engineering pan-HIV-1 neutralization potency through multi-specific

antibody avidity

Abstract

Deep-mining of B-cell repertoires of HIV-1 infected individuals has resulted in the
isolation of dozens of HIV-1 broadly neutralizing antibodies (bNAbs). Yet, it remains
uncertain whether any such bNAbs alone are sufficiently broad and potent to deploy
therapeutically. Here, we engineered HIV-1 bNAbs for their combination on a single multi-
specific and avid molecule via direct genetic fusion of their Fab fragments to the human
apoferritin light chain. The resulting molecule demonstrated a remarkable median ICso value
of 0.0009 pg/mL and 100% neutralization coverage of a broad HIV-1 pseudovirus panel
(118-isolates) at a 4 ug/mL cut-off — a 32-fold enhancement in viral neutralization potency
compared to a cocktail of the corresponding HIV-1 bNAbs. Importantly, Fc incorporation on
the molecule and engineering to modulate Fc receptor binding resulted in IgG-like
bioavailability in vivo. This robust plug-and-play antibody design is relevant against
indications where multi-specificity and avidity are leveraged simultaneously to mediate
optimal biological activity.

The high genetic diversity of HIV-1 continues to be a major barrier to the
development of therapeutics for prevention and treatment. Here, we describe the design of an
antibody platform that allows assembly of a highly avid, multi-specific molecule that targets
simultaneously the most conserved epitopes on the HIV-1 Envelope glycoprotein. The
combined multi-valency and multi-specificity translates into extraordinary neutralization
potency and pan-neutralization of HIV-1 strains, surpassing that of the most potent anti-HIV

broadly neutralizing antibody cocktails.
Introduction

Despite decades of research, no effective vaccine or cure exists for the human
immunodeficiency virus type I (HIV-1). However, the fact that a small proportion of HIV-1
infected individuals develop antibodies with exceptional neutralization potency across
circulating HIV -1 isolates highlights the potential for antibody-mediated control of HIV-1.
Since the first-generation of broadly neutralizing antibodies (bNAbs) 2F5 (1), 4E10 (2, 3),
2G12 (4) and b12 (5, 6) were isolated, the number of bNAbs has dramatically increased due
to implementation of new technologies such as Env-specific single B cell sorting (7-9),
antibody cloning and high-throughput neutralization assays (10-13), and, more recently,

proteomic deconvolution (14). Several HIV-1 bNAbs have now been described that primarily
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target six conserved sites on the trimeric HIV Envelope glycoprotein (Env), including the
V1/V2 loops at the trimer apex, V3 loop glycans, the CD4 binding site (CD4bs), the gp120-
g41 interface, the Env silent face and the membrane-proximal external region (MPER) (7, 9,
11-20).

Interest in bNAbs as therapeutic agents in the fight against HIV-1 arise from the
potent antiviral activity observed in challenge studies in macaques (21-25) and humanized
mice (26-29), and from the reduced viremia achieved in infected humans following infusion
of bNADs (30-34). In addition, antibodies possess key advantages in comparison to oral
antiretroviral therapy (ART): they have longer circulating half-lives, and can form immune
complexes that enhance host immunity to the virus. These observations have led to the
clinical evaluation of antibody-based therapies to confer protection against HIV-1 acquisition
through passive administration of bNAbs (35), and efforts to control and/or clear HIV-1 in
infected individuals (31-33).

The recent Antibody Mediated Prevention (AMP) trials explored the ability of bNAb
VRCOL1 to confer passive immunity against HIV-1. In these studies, antibody breadth and
potency inferred from TZM-bl neutralization assays were proposed as effective predictors of
antibody efficacy in humans. Specifically, an ICso value below 1 pg/ml was established as the
potency threshold that a biotherapeutic needs to achieve in order to confer protection against
a specific HIV-1 strain (35). VRCO1 only met that threshold against 30% of HIV-1 strains in
the trials and hence, failed to confer broad protection, highlighting a critical need for more
potent and broadly acting molecules. While such breadth of coverage could be achieved by
administration of multiple bNAbs, despite recent IgG engineering efforts (36—40), potency
may still limit the therapeutic efficacy of antibody cocktails.

Here, we overcome the immense sequence diversity of HIV-1 with extraordinary
neutralization potency by engineering the human apoferritin subunit to drive multimerization
of three different HIV-1 bNADbs on a single molecule. The resulting MULTi-specific, multi-
Affinity antiBODY (Multabody) was able to achieve pan-neutralization (100% virus
coverage) with a median ICso value of 0.0009 pg/mL (0.4 pM). The Multabody design
described herein represents a robust and powerful plug-and-play platform to multimerize
antibodies in order to enhance their neutralization of HIV-1 across the broadest range of

isolates.
Materials and Methods

Expression and purification of Fab-only apoferritin multimers. Genes encoding

the light chain of human apoferritin and the scFab-human apoferritin fusions were
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synthesized and cloned by GeneArt (Life Technologies) into the pHLsec expression vector.
200 mL of HEK 293F cells (Thermo Fisher Scientific) were seeded at a density of 0.8x10°
cells/mL in Freestyle expression media and incubated with 125 rpm oscillation at 37 °C, 8%
COg, and 70% humidity in a Multitron Pro shaker (Infors HT). Within 24 h of seeding, cells
were transiently transfected using 50 ug of filtered DNA preincubated for 10 min at room
temperature (RT) with the transfection reagent FectoPRO (Polyplus Transfections) ata 1:1
ratio. Plasmids encoding scFab-human apoferritin and human apoferritin were mixed at a
ratio of 1:4, 1:1, 4:1 and 1:0. After 6-7 days, cell suspensions were harvested by
centrifugation at 5000 xg for 15 min and the supernatants filtered through a 0.22 um Steritop
filter (EMD Millipore). The particles were purified by affinity chromatography to the Fab and
eluted after a wash. Fractions containing protein were pooled, concentrated and loaded onto a
Superose 6 10/300 GL size exclusion column (GE Heathcare) in 20 mM sodium phosphate,
pH 8.0, 150 mM NaCl.

Design, expression and purification of Multabodies. Genes encoding scFab and
scFc fragments linked to half ferritin were generated by deletion of residues 1 to 90 (C-
Ferritin) and 91 to 175 (N-Ferritin) of the light chain of human apoferritin. Furthermore,
protein L binding specificity for iMab-C-Ferritin was disrupted by site-directed mutagenesis
of alanine 12 of the antibody light chain to a proline residue (69). Transient transfection of T-
01 MB in HEK 293F cells was obtained by mixing 66 ug of plasmids PGDM1400 scFab-
human apoferritin: scFc-N-Ferritin: N49P7 scFab-C-Ferritin: 10E8v4 scFab-C-Ferritin in a
4:2:1:1 ratio. In the case of the T-02 MB, plasmid N49P7 scFab-C-Ferritin was substituted by
iMab scFab-C-Ferritin. In the case of the T-01 MB.v2, 63 pg of plasmids PGDM1400 scFab-
human apoferritin: N49P7 scFab-N-Ferritin: 10E8v4 scFab-C-Ferritin-Fc in a 3:1:1 ratio
were used. The DNA mixture was filtered and incubated at RT with 60 pl of FectoPRO
before adding to the cell culture. Based on the necessary hetero-oligomerization to drive self-
assembly, purification of Multabodies with the four components was achieved by a two-step
affinity purification: protein A HP column (GE Healthcare) with 20 mM Tris pH 8.0, 3 M
MgCl and 10% glycerol elution buffer (Fc binding) and protein L (GE Healthcare)
(PGDM1400 binding, as 10E8 and N49P7 do not bind to Protein L, and iMab-protein L
binding was disrupted by the A12P mutation). A buffer exchange step was performed
between both affinity chromatography steps using a PD-10 desalting column (GE
Healthcare). Fractions containing the protein were concentrated and further purified by gel
filtration on a Superose 6 10/300 GL column (GE Healthcare) in 20 mM sodium phosphate
pH 8.0, 150 mM NaCl.
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Negative-stain electron microscopy. 3 uL of Multabody at a concentration of
approximately 0.02 mg/mL was added to a carbon-coated copper grid for 30 s and stained
with 3 ul of 2% uranyl formate. Staining excess was immediately removed from the grid
using Whatman No. 1 filter paper and an additional 3 pl of 2% uranyl formate was added for
20 s. Grids were imaged using a field-emission FEI Tecnai F20 electron microscope
operating at 200 kV and equipped with an Orius charge-coupled device (CCD) camera
(Gatan Inc).

Biolayer interferometry. Binding kinetics measurements were conducted using an
Octet RED96 BLI system (Pall ForteBio) in PBS pH 7.4, 0.01% BSA and 0.002% Tween. A
unique His-tagged ligand for each of the Multabody components and Fc receptors was
selected and loaded onto Ni-NTA biosensors to reach a signal response of 0.8 nm.
Association rates were measured by transferring the loaded biosensors to wells containing
serial dilutions of the Multabodies (10-5-2.5-1.25-0.65-0.32 nM) or IgGs (500-250-125-62.5-
31.2-15.6 nM). Dissociation rates were measured by dipping the biosensors into buffer-
containing wells. The duration of each of these two steps was 180 s. To achieve selective
binding to PGDM 1400, a D368R mutation in the CD4bs of the BG5050 SOSIP.664 trimer
was introduced and, consequently, binding of N49P7 to this antigen was disrupted. Similarly,
the gp120 subunit 93THO57, soluble CD4 and hFcRn in complex with f2-microglobulin
were produced as the ligands for N49P7, iMab and Fc, respectively. Binding to 10E8 was
tested using a His-tagged MPER peptide
(HHHHHHNEQELLELDKWASLWNWFNITNWLWYIKKKK (SEQ ID NO:47),
purchased from GenScript). Recombinantly expressed hFcyRI and hFcyRIIa were used to
measure binding affinities of the IgGs and Multabodies with effector function silencing
mutations. Ni-NTA purification followed by size exclusion chromatography in 20 mM
phosphate, pH 8.0, 150 mM NaCl buffer was used for purification of BG5050 SOSIP.664
D368R, CD4, 93TH057, hFcRn, hFcyRI and hFcyRlIla.

Size-exclusion chromatography in-line with multi-angle light scattering (SEC-
MALS). A MiniDAWN TREOS and an Optilab T-rEX refractometer (Wyatt) were used in-
line with an Agilent Technologies 1260 infinity Il HPLC. 50 pg of 24-mer PGDM 1400
scFab-ferritin fusion, T-01 MB and T-02 MB were loaded onto a Superose 6 10/300 (GE
Healthcare) column in 20 mM sodium phosphate, pH 8.0, 150 mM NaCl. Data collection and
analysis were performed using the ASTRA software (Wyatt).

Stability measurements. The melting temperature (Tm) and aggregation temperature

(Tagg) of Multabodies, parental IgGs, the 12-mer homo-oligomeric Fabs and Fc and the
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N6/PGDM1400x10E8v4 tri-specific antibody were determined using a UNit system
(Unchained Labs). T was obtained by measuring the barycentric mean (BCM) fluorescence,
while Tage was determined as the temperature at which 50% increase in the static light
scattering at a 266 nm wavelength relative to baseline was observed. Samples were
concentrated to 1.0 mg/mL and subjected to a thermal ramp from 25 to 95 °C with 1 °C
increments. The average and the standard error of three independent measurements were
calculated using the UNit analysis software.

Stability was further analyzed under accelerated stress conditions. Multabodies
diluted in 20 mM sodium phosphate pH 8.0, 150 mM NaCl, were concentrated to 10 mg/mL
and incubated at 40 °C for four weeks. Each week, the percentage of properly folded protein
was calculated based on the soluble content from SEC. A sample before (week 0) and after
(week 4) the incubation period was assessed in a PsV neutralization assay to compare the
functional activity of the molecules.

Virus production and TZM-bl neutralization assays. A panel of 14 HIV-1
pseudotyped viruses was generated by co-transfection of 293T cells with the HIV-1 subtype
B backbone NL4-3.Luc.RE plasmid (AIDS Research and Reference Reagent Program
(ARRRP)) and the plasmid encoding the full-length Env clone, as previously described (45).
HIV isolates X2088.¢09, ZM106.9 and 3817.v2.c59 were kindly provided by the
Collaboration for AIDS Vaccine Discovery (CAVD), and pCNE8, 1632 S2 BI10,
THRO4156.18, 278-50, ZM197M.PB7, SF162, t257-31, Du422.1 and BG505 from NIH
ARRRP. Mutation T332N in the BG505 Env expression vector was introduced by site-
directed mutagenesis using the KOD-Plus mutagenesis kit (Toyobo, Osaka, Japan). The
extended 25 HIV-1 pseudotyped panel was generated by adding HIV isolates
p1054.TC4.1499, 6535, ZM214M.PL15, AC10.29, p16845, P6244 13.B5.4576,
pM246F _CI1G, TRJO4551, QH0692 and pCAANS342 obtained from NIH ARRRP.
Neutralization was determined in a single-cycle neutralization assay using the standard TZM-
bl neutralization assay (45). Briefly, IgGs and Multabodies were incubated with a 10-15%
tissue culture infectious dose of pseudovirus for 1 h at 37 °C prior to a 44-72 h incubation
with TZM-bl cells. Virus neutralization was monitored by adding Britelite plus reagent
(PerkinElmer) to the cells and measuring luminescence in relative light units (RLUs) using a
Synergy Neo2 Multi-Mode Assay Microplate Reader (Biotek Instruments). HIV-1 Env
pseudoviruses in the extended multiclade panel of 118 PsVs were generated by transfection
in 293T cells of Env expression plasmids with full-length, Env-defective HIV genome

SG3dEny. HIV-1 pseudoviruses were incubated with Multabodies (primary concentration of
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10 pg/ml and titrated 6-fold seven times) for 1 h at 37 °C before TZM-bl cells were added.
Luciferase expression was quantified 48 h after infection upon cell lysis and the addition of
luciferin substrate (Promega). For the neutralization assays done with parental IgGs,
historical data at the Center for Virology and Vaccine Research, Harvard Medical School was
used (primary concentration of 50 pug/ml and titrated 5-fold seven times). A cutoff limit of 10
pg/mL was used to determine antibody breadth.

Antibody-dependent phagocytosis. 5 puL of red fluorescent Neutravidin
microspheres (Invitrogen, F8775) were washed twice with PBS + 0.1% BSA and incubated
with 10 pg of biotinylated 93THO57 antigen. Biotinylation was performed using the EZ-link
Sulfo-NHS biotinylation kit (Thermo Scientific, 2143) following the manufacturer
instructions. The final volume was brought to 200 puL with PBS/0.1% BSA and incubated
overnight with rotation at 4° C. Beads were washed twice before use to remove unbound
protein, and resuspended in 200 pL per 5 uL of unlabeled bead volume.

Immune complexes were formed by incubating 93THO057-coated fluorescent beads
(10 L per sample) with 10 uL of 1, 5 and 10 ug of Multabody or antibody preparations for 2
h at 37° C. THP-1 cells (ATCC TIB-202) were maintained at fewer than 5 x 103 cells/mL in
RMPI + 10% FBS (Wisent); and added to immune complexes at a concentration of 5 x 10*
cells/well (in 200 pL) before incubation for 16 h at 37° C, 5% CO». After incubation, cells
were pelleted and washed with PBS before staining with Live Dead Fixable Violet stain
(Invitrogen, L34995) according to the manufacturer’s protocol. Cells were washed with PBS
and fixed with 2% paraformaldehyde for 20 min at RT. Fixed cells were pelleted and washed
once with FACS buffer (PBS + 10% FBS, 0.5 mM EDTA) and analyzed on a LSRII Flow
Cytometer (BD Biosciences). Data was analyzed in FlowJo (BD Biosciences, Ashland, OR),
and phagocytosis was quantified as a percentage increase in phagocytosis compared to
93THO057-coated beads in the absence of antibody. Anti-human FcR binding inhibitor
antibody (Invitrogen, 14-9161-73) was added to the indicated samples at the recommended
concentration as an additional control.

PBMC infection. Peripheral blood mononuclear cells (PBMCs) were obtained from
three healthy blood donors, with all donors providing written informed consent. The study
was approved by the University of Toronto's Research Ethics Board (protocol #00037384).
Blood was collected in heparinized vacutainers (BD Biosciences) and PBMCs were
subsequently isolated using density centrifugation with Lymphoprep (StemCell
Technologies, Cat#07861). PBMCs were activated with phytohemagglutinin (PHA; Gibco) in
the presence of recombinant human IL-2 (50 U/mL) in complete RPMI medium (Wisent),
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containing 10% fetal bovine serum (FBS, Wisent), streptomycin at 100 pg/mL and penicillin
at 100 U/mL for 72 h prior to HIV-1 infection. After three days of activation, HIV-1 infection
of cells was performed by addition of the CXCR4-tropic laboratory isolate IIIB (150 pg of
p24 Gag antigen per well) to triplicate cultures of activated PBMCs in round-bottom 96-well
plates seeded with 2x10° cells per well in RPMI+10% FBS + 25 U/mL of IL-2. Before
overlaying the cells with virus, Multabodies (T-01 MB and T-01 MB.v2) or IgG cocktail
were pre-incubated with virus for 1 h at RT. Infected cells were cultured in the
presence/absence of Multabody or antibody controls at doses ranging from 0.01-10 ug/mL, as
indicated. The levels of HIV-1 replication were assessed by measuring the extracellular
release of p24 Gag protein in cell-free culture supernatants tested at day 7 post-infection
using a high-sensitivity Alphal.ISA p24 detection kit (PerkinElmer, Waltham, MA) on a
BioTEK Synergy Plate Reader, according to the manufacturer’s protocols.

Cell viability and flow cytometry. On day 7 of infection, cells were fixed in 2% PFA
and harvested for viability testing via absolute counting by flow cytometry performed using a
BD LSRFortessa (Becton Dickinson). Cell viability was determined by comparison of the
total live-gated cell counts in Multabody- or antibody-treated wells to the number of cells
recovered from untreated control wells. Cell viability data was analyzed using FACSDiva.

Pharmacokinetic studies. /n vivo studies were performed using three 6-week-old
female NOD/Shi-scid/IL-2Rynull (NCG strain code 572, Charles River Laboratories)
immunodeficient mice per group. Mice were hosted by groups of 4/6 individuals. Each
mouse was uniquely identified. Animals were housed in a ventilated cage (type IT (16x19x35
cm, floor area = 500 cm?)) under the following controlled conditions: 22° C, 55% humidity
and 12:12-hour light dark cycle 7 am: 7 pm. This study was reviewed and approved by the
local ethic committee (CELEAG). T-01 MB composed of the scFab of antibodies
PGDM 1400, N49P7 and 10E8v4 and scFc fragments of IgG1 Fc¢ containing i) no mutations
and i1) the effector function silencing mutations L234A, L235A and P329G (LALAP) and the
1253 A mutation were used in the study. In addition, T-01 MB.v2 composed of the same
antibody specificities with 1) no Fc mutations and ii) with the half-life extension mutations
(M428L/N4348S) in the IgG1 Fc was included. Mice received a single subcutaneous injection
of 5 mg/kg of Multabodies or the control samples (an IgG mixture matching the Fab
specificity of the Multabody) in 200 uL of PBS (pH 7.5). Blood samples were collected at
multiple time points and serum samples were assessed for levels of circulating antibodies by
ELISA. Briefly, 96-well Pierce Nickel Coated Plates (Thermo Fisher) were coated with 50
pL at 0.5 pg/ml of each of the Hissx-tagged antigens recognized by the MB: BG5050 D368R
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SOSIP.664 trimer, gp120 subunit 93THO057 and MPER peptide, to determine circulating
sample concentrations using reagent-specific standard curves for IgGs and Multabodies.
HRP-Protein A (Invitrogen) was used as a secondary molecule and the chemiluminescence
signal was quantified using the Epoch 2 Microplate spectrophotometer with the software

Biotek Gen5 3.03.

Results

Potency of HIV-1 bNAbs can be enhanced with avidity

Apoferritin is a spherical nanocage of approximately 6 nm hydrodynamic radius
formed by the self-oligomerization of 24 identical subunits (FIG. 11A). To investigate the
impact of multi-valency on neutralization potency, we used the self-assembly properties of
the light chain of human apoferritin to multimerize fragments of antigen binding (Fabs)
derived from the most potent and broad HIV-1 bNAbs, which target different HIV-1 Env
epitopes. Apoferritin subunits were genetically fused to single-chain Fabs (scFabs). scFabs
were generated using flexible linkers between the light and heavy chains to ensure correct
Fab heterodimerization. Apoferritin self-assembly drove multimerization of the scFab and
displayed the antibody fragments at the nanocage periphery (FIG. 11B). Different densities
of multimerized Fabs were achieved by co-transfection of scFab-human apoferritin-encoding
plasmids together with different ratios of non-genetically modified human apoferritin (FIG.
11C, FIG. 12). The ability of the scFab-apoferritin fusions to block HIV-1 infection were
compared to the corresponding IgGs using a small HIV-1 pseudovirus (PsV) panel (FIG.
11D). Strikingly, PGDM1400, one of the most potent anti-HIV bNAb described to date,
showed 10- to 40-fold higher neutralization potency when multimerized via the light chain of
apoferritin compared to its conventional IgG format. bNAb 10-1074 also showed a
considerable improvement in neutralization potency (4- to 40-fold), whereas bNAbs 10ES,

N49P7, and VRCO1 showed no effect or more modest enhancements.

Multabodies potently and broadly neutralize HIV-1

In view of these results, we sought to increase the coverage of PGDM 1400 using our
previously described Multabody platform based on an apoferritin split design (41). The
strategy consists on the separation of the four-helix apoferritin subunit into two halves (N-
ferritin and C-ferritin) and their N-terminal fusion to scFabs of different specificities (FIG.
13A). This approach allows inclusion of a higher number of Fabs on the surface of the

nanocage resulting in a final molecule with higher avidity. In addition, the design allows the
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efficient combination of three different antibody specificities as well as a fragment
crystallizable (Fc) to endow the molecule with IgG-like properties, such as ease of
purification leveraging Protein A affinity (FIG. 14). Specifically, we combined scFab
PGDM1400 with scFabs of the near-pan neutralizing antibodies 10E8v4 (a modified 10ES8
with improved solubility (42)) and N49P7, and the single-chain construct of the Fc (scFc) of
human IgG1 isotype (FIG. 13A). To explore whether a Multabody could also be designed
that cross-targets the HIV-1 Env and its primary receptor, CD4, we replaced N49P7 with
Ibalizumab (iMab), a CD4-directed post-attachment inhibitor that has been shown to
effectively inhibit HIV-1 entry (43, 44) (FIG. 15A). The resulting tri-specific Multabodies,
termed T-01 MB and T-02 MB, respectively, formed highly-decorated and homogeneous
particles of around 2.4 MDa (FIG. 13B-C, Fig. 15B-C) with similar thermostability as the
corresponding IgGs (FIG. 16). Epitope engagement by the tri-specific Multabodies was
assessed in binding kinetics experiments using epitope-specific molecules: BG505 SOSIP
D368R (PGDM1400), 93THO057 gp120/CD4 (N49P7/iMab), and a MPER peptide (10E8v4)
(FIG. 17). Binding to the three epitope-specific antigens with high apparent binding affinities
and no detectable dissociation confirms the presence of the three antibody specificities in the
Multabodies (FIG. 13d, FIG. 15d).

Neutralization potency and breadth of the Multabodies was first assessed against a
panel of 14 PsVs in a standardized in vifro TZM-bl neutralization assay (45). The 14-PsV
panel was designed to include low-sensitivity PsVs with at least one PsV resistant to each
bNAD being evaluated (cutoff ICso set at 10 ug/mL). The ICso value and breadth of the
Multabodies were compared to (i) each individual IgG, (ii) an IgG cocktail that contains the
same relative amount of each IgG present in the Multabody and (iii) the
N6/PGDM1400x10E8v4 tri-specific antibody (46). T-01 MB and T-02 MB displayed 93%
and 100% breadth (cutoff ICso set at 10 ug/mL) against this panel with a median ICso value of
0.009 pg/mL (3.9 pM) and 0.008 pg/mL (3.5 pM), respectively (FIG. 13E, FIG. 15E and
Table 8). As such, there was a decrease of approximately one and two orders of magnitude in
the median ICso values when calculated in pg/mL and nM for the Multabodies compared to
the ICso values of the IgG cocktails and the tri-specific antibody, respectively. Inspection of
individual ICso values revealed that PsVs that are resistant to PGDM 1400 IgG neutralization
were also less sensitive to the Multabodies (FIG. 13F, FIG. 15E and Table 8). These data
suggested that the neutralization property of the Multabodies is heavily dependent on one out

of the three antibody specificities within the particle, in this case PGDM1400.
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Engineering the apoferritin scaffold

To further improve the neutralization properties of the Multabody, we introduced
some modifications to its design and made a second-generation version (MB.v2). In the
original MB, the scFc is located at the N terminus of the N-ferritin half, and only one Fab,
either Fab2 or Fab3, is incorporated in the Multabody per each functional Fc homodimer
(FIG. 18A, top). In comparison, the optimized MB.v2 contains a higher number of Fabs per
Fc homodimer. To attain this, a monomeric Fc¢ fragment (i.e. one Fc chain) and a scFab are
positioned at the C terminus and the N terminus of the C-ferritin half, respectively (FIG. 18A
bottom, FIG. 19A). As a result, dimerization of a functional Fc homodimer drives assembly
of the MB.v2 particle together with split ferritin complementation and ferritin subunit
oligomerization (FIG. 18A, FIG. 19B). Importantly, homodimerization to form one
functional Fc ensures assembly of four Fabs different from PGDM1400 (i.e. two Fab2 and
two Fab3), thus favoring a more balanced avidity for each of the three Fabs in the fully-
assembled MB.v2.

The optimized Multabody design was tested in the T-01 background (PGDM 1400,
N49P7, 10E8v4) that targets three epitopes on HIV-1 Env. The resulting Multabody (T-01
MB.v2) assembled into well-formed spherical particles with no significant differences in
morphology compared to the previously characterized T-01 MB (FIG. 18B). Antigen binding
to BG505 SOSIP D368R, 93THO057 gp120, and MPER peptide confirmed correct folding of
the three Fab specificities in T-01 MB.v2 (FIG. 18C). In addition, the new Multabody
version preserves the same high thermal stability reported for T-01 MB, with a Tage value of
67 °C (FIG. 18D). Multabodies were concentrated to 10 mg/mL and subjected to an
accelerated stability test by incubating them at 40 °C for four weeks. Assessment of the
amount of soluble protein over time revealed that the Multabodies were highly stable under
these conditions, with over 70% of the sample remaining soluble for 30 days. Stability was
further confirmed by only a modest loss in neutralization potency observed for the

Multabodies at week 4 in comparison to their potency at week 0 (FIG. 18E).

Pharmacokinetics of Multabodies is similar to corresponding IgGs

The antibody Fc domain has the capacity to interact with a variety of receptors,
including Fc gamma receptors (FcyR’s) and the neonatal Fc receptor (FcRn) conferring
effector functions and in vivo half-life, respectively. However, Fc avidity can negatively
impact the circulation time of molecules with multiple Fc fragments (41, 47). Indeed, T-01

MB showed strong binding to Fc receptors including to human FcRn at physiological pH
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(FIG. 20A-B), and high and low affinity FcyR’s (Fig. 20C). Hence, we introduced the unique
combination of LALAP (L234A, L235A and P329G) and 1253 A mutations in the Fc of T-01
MB to decrease binding to FcyR and FcRn, respectively, and achieve comparable binding
observed for an IgG1 molecule (FIG. 20A-C). T-01 MB.v2 showed a more similar binding
profile to IgG1, with comparable binding to human FcRn at acidic pH and no binding at
physiological pH, even in the case of the half-life extension mutations LS (M428L/N434S)
(FIG. 20A-B). Binding of T-01 MB.v2 to FcyR’s yielded a low binding profile similar to that
obtained with the LALAP FcR-silencing mutations in T-01 MB (FIG. 20C). The different
binding patterns observed for the two MB versions are likely due to the different arrangement
of the Fc fragments within the molecules (FIG. 18A, FIG. 19A). Despite low FcyRI binding,
phagocytosis experiments using antigen-coated beads showed that both Multabody formats
induced Fc-dependent internalization in THP-1 cells at levels similar to those achieved with
the corresponding IgG mixture (FIG. 20D).

Next, we examined the in vivo bioavailability of both Multabody formats with and
without engineered-Fc. A single dose of 5 mg/kg was administered subcutaneously in
NOD/Shi-scid/IL-2Rynull (NCG) immunodeficient mice and the amount of each molecule in
the sera was measured every two days for 15 consecutive days. As expected from the in vitro
characterization, only Fc-engineered Multabodies that had an IgG-like binding profile
showed days of in vivo exposure with a similar rate of decay as the parental IgG cocktail
(FIG. 20E). Multabody administration was well tolerated with no decrease in body weight
(FIG. 20F) or visible adverse effects.

Extraordinary potency and pan-neutralization breadth achieved by MB.v2

We assessed the neutralization profile of T-01 MB.v2 against a PsV panel generated
through addition of 11 HIV-1 strains highly resistant to PGDM 1400 to our previous panel.
The resulting 25-PsV panel contains 56% of PsV variants resistant (cutoff ICso set at 10
png/mL) to PGDM1400 IgG neutralization (FIG. 21A-B). As expected, breadth and potency
of the T-01 MB was greatly affected in the presence of PGDM1400 resistant PsVs (FIG.
21A-B, Table 8). However, as engineered, the neutralization profile of antibodies N49P7 and
10E8v4 were more dominant in T-01 MB.v2 allowing this optimized Multabody to achieve
pan-neutralization while preserving the enhanced neutralization potency previously observed
for this type of molecule (FIG. 21A-B, Table 8). When tested against an extended multiclade
panel of 118 PsV, T-01 MB.v2 matched the pan-neutralization breadth of the corresponding
IgG cocktail (100% virus coverage, cutoff ICso set at 10 ug/mL), yet displayed a remarkable
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neutralization potency (FIG. 21C-D, FIG. 22A and Table 9). Specifically, the IgG cocktail
and T-01 MB were only able to neutralize 9% and 8% of the PsV with an ICso value of 0.001
ug/mL, respectively, while in the case of T-01 MB.v2, 50% of the PsVs were still neutralized
with an ICso value of only 0.001 pg/mL (FIG. 21C). Remarkably, Multabodies achieved a
median ICso value of only 0.0009 pg/mL (0.4 pM) and hence achieved pan-neutralization 32-
and 490-fold more potently in mass and molarity, respectively, compared to the IgG cocktail
(FIG. 21D). In addition, the ICgo of T-01 MB.v2 confirmed its superior neutralization
propensity over both the individual IgGs and the IgG cocktail, neutralizing 96% of all viral
strains tested with a median ICgo value of 0.005 pg/mL (2.2 pM) (FIG. 21C-D, FIG. 22A
and Table 9). Importantly, Multabodies also blocked infection of primary peripheral blood
mononuclear cells (PBMCs) with the replication-competent CXCR4-tropic HIV-1 IIIB strain
(FIG. 22B), showing enhanced potency over the matched IgG mix, and without any impact
on cell viability (FIG. 22C).
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Discussion

The recent AMP clinical trials have highlighted the anticipated importance of both
potency and breadth of bNADbs to be viable therapeutics capable of protecting against HIV-1
infection. Leveraging the principle of antibody avidity used in our previously-described
Multabody technology to improve the potency of antibodies against SARS-CoV-2 (41), here
we have engineered a second-generation Multabody platform to deliver exceptional
neutralization breadth and potency against the vast sequence diversity of HIV-1.

The most distinctive feature of the optimized Multabody design in comparison to the
first generation Multabody format (41) is the relative number of Fabs that self-associate per
functional Fc domain. In contrast to the 1:1 Fc: 10E8v4/N49P7 ratio imposed by the design
of the previously described Multabody platform, in the design of T-01 MB.v2, two N49P7
Fabs and two 10E8v4 Fabs are incorporated into the MB per dimeric Fc. The higher number
of these two Fabs in the optimized Multabody favors their avidity and, consequently, their
greater contribution to the neutralization signature of the particle. This is in contrast to the T-
01 MB, which primarily relies on the neutralization properties of PGDM1400. The more
balanced contribution of each of the antibodies is reflected in the better functional properties
of T-01 MB.v2, which displayed cross-clade neutralization coverage of 100% at a median
ICso value of 0.0009 pg/mL. In addition, viral infection by 83% of the 118-pseudoviruses
tested was blocked by T-01 MB.v2 with an ICsgo value below 1 pg/ml, which has been
recently proposed as the potency threshold required to confer in vivo protection in humans
(35). However, it remains unclear whether that predictor of protection should be considered
in mass or molarity. Indeed, despite a similar hydrodynamic radius and geometrical size for
the Multabody compared to an IgM (41), the Multabody is approximately 10x heavier in
molar mass compared to an IgG. Therefore, if molarity is the relevant in vivo measure
associated with protection, then T-01 MB.v2 exhibits an extraordinarily low median ICso
value of 0.4 pM. Correspondingly, a potency of ICso below 6.7 nM (1 pg/ml molar equivalent
for an IgG) was achieved in 96% of the 118-HIV-1 PsV strains. These remarkable
neutralization properties surpass those obtained with previously described bispecific and tri-
specific antibodies (46, 48—50). In these antibody formats, the limited avidity precludes
combination of both high avidity and multi-specificity and, consequently, potency and
breadth are restricted to that of the parental mAbs.

There is a growing trend in the field of biotherapeutics toward the development of

molecules with high valency. Strategies range from the generation of dodeca-valency IgM-
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like molecules (51, 52) upon addition of the mu-tailpiece of IgM to the constant region of
IgG, to the design of alternative antibody formats. Among them are fusions of Fabs in a linear
head-to-tail manner (53), appended IgGs (54-56), or diabody combination in tandem
(Tamdabs) (57) or fused to the CH3 of an IgG (di-diabody) (58). In addition, the use of
multimerization scaffolds such as p53 (59), leucine zipper helixes (60), streptavidin (61),
barnase-barstar modules (62), viral-like nanoparticles (63) and, more recently, de novo
antibody cage-forming proteins (64), have been employed to overcome the limitation of IgG
bivalency and improve the bioactivity of antibodies. Although attractive, these approaches
face different challenges for their successful development as therapeutic agents. Multimeric
antibody formats that rely on variable fragments (Fv) of antibodies are often associated with
low stability and, consequently, a high propensity to aggregate (65). Furthermore,
dissociation of non-covalent fusions dictated by the affinity constant of the complex can limit
the in vivo long-term stability of the molecule. In sharp contrast, Multabodies build on full
IgG components (Fab and Fc) that are fused to the thermostable, functionally-silent human
apoferritin light chain scaffold, and thus are highly stable IgG-like molecules even under
thermal stress. A mouse surrogate Multabody previously administered subcutaneously in
immuno-competent C57BL/6 mice showed undetectable levels of anti-drug antibodies
similarly to its parent IgG, providing proof-of-principle for the potentially low intrinsic
immunogenicity of the Multabody platform (41). Future studies in higher organisms will help
determine the immunogenicity of Multabodies encoded by human-derived sequences, which
we propose might be dictated predominantly by the properties of the underlying antibody
sequences.

Bioavailability of large biologics is an additional challenge associated with
engineered approaches to increase avidity (63). Multabodies have been engineered to include
Fc domains and hence enable FcRn-mediated recycling of the molecule. As a consequence of
Fc avidity, binding of T-01 MB to FcRn at pH 6.0 was improved by orders of magnitude,
however, the simultaneous affinity improvement at pH 7.4 limits the application of this
strategy towards enhancing half-life, and several mutations were needed to decrease Fc
binding to FcRn and FcyR in order to not surpass the binding affinity observed for IgGs.
Such enhanced Fc receptor avidity was not observed in the case of T-01 MB.v2, where fusion
of the Fc chains at the C-terminus of apoferritin leads to the formation of particles with
inverted and more distantly located Fc domains and, consequently, reduced Fc avidity.
Similar to a previous study with a mouse surrogate Multabody (41), Fc avidity modulation

strategies successfully resulted in Multabody molecules with remarkably similar rate of decay
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over time as the parental IgG cocktail. In addition to the favorable pharmacokinetic profile,
Multabodies in both formats that possess residual binding to FcyR induced Fc-mediated
phagocytosis in vitro to levels similar to the parental IgG mixture, at least in a THP-1 system
that co-expresses both FcyRI and FeyRlIla (66). Future experiments will be needed to fully
characterize the capacity of the Multabodies to trigger immune effector functions and their in
vivo implications.

From the limited number of antibody specificities we characterized in this study, we
observed that antibodies targeting epitopes located at the apex of the HIV-1 Env trimer such
as PGDM1400 seem to experience the greatest benefit to neutralization potency when
formulated as Multabodies. This increase in potency was less apparent as the epitope was
located closer to the viral membrane, as in the case of 10E8. The dependence on epitope
location for potency enhancement could be further impacted by the low surface spike density
(67), the arrangement of those sparse Env trimers on the HIV-1 surface (68) or by the
accessibility of certain epitopes that may be more or less sterically occluded. In light of this,
it will be interesting to explore how the potency of antibodies against viruses with higher
surface densities and closely spaced spikes can be enhanced by the Multabody platform, and
further determine the impact of epitope location on potency enhancement mediated by
avidity.

Replacement of N49P7 with iMab — a CD4-directed post-attachment inhibitor —
resulted in a functional Multabody with potent neutralization activity, demonstrating that
cross-targeting of viral epitopes and cellular receptors can be attained with this type of
particle. This data raises the interesting possibility that the Multabody technology could also
be implemented in other fields that promote the binding of receptors across separate entities,
such as cell-cell interactions in immunotherapy. Overall, our protein engineering study
demonstrates the versatility of human apoferritin as a modular nanocage to build antibody

avidity and multi-specificity jointly towards enhanced functionality.
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SEQUENCE LISTING
Underlining within sequences indicate linker sequences, bolding within sequences indicate
ferritin or ferritin subunift sequences, boxed and bolded residues indicate residues that are

mutated relative to a reference molecule, e.g. relative to an IgG1 Fc.

SEQ ID NO:1 hFTL
MSSQIRQONYSTDVEAAVNSLVNLYLQASYTYLSLGEFYFDRDDVALEGVSHEFFRELAEEKREG
YERLLKMONQRGGRALFQDIKKPAEDEWGKT PDAMKAAMATLEKKLNQALLDLHALGSARTDP
HLCDFLETHFLDEEVKLIKKMGDHLTNLHRLGGPEAGLGEYLFERLTLRHD

SEQ ID NO:2 N _hFTL
MSSQIRONYSTDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHEFFRELAEEKREG
YERLLKMONQRGGRALFQDIKKPAEDEW

SEQ ID NO:3 C_hFTL
GKTPDAMKAAMALEKKLNQALLDLHALGSARTDPHLCDFLETHFLDEEVKLIKKMGDHLTNL
HRLGGPEAGLGEYLFERLTLRHD

SEQ ID NO:4 C_hFTL R/K Variant
GKTPDAMKAAMALEKKLNQALLDLHALGSARTDPHLCDFLETHFLDEEVKLIKKMGDHLTNL
HRLGGPEAGLGEYLFERLTLKHD

SEQ ID NO:5 IgG1 Fe
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPTEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFFL
YSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPGK
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SEQ ID NO:6 IgG1 scFc

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTIMISRTPEVTCVVVDVSHEDPEVKENWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPTIEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFL
YSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSG

GGGSGGGGSGGGEGSGGEEGESGGEGEGESGGGEGESGGEGEGSGGEEESGGEGSGGGGDKTHTCPPCPAPEL

LGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:7 Mouse IgG2a Fc
KPCPPCKCPAPNLLGGPSVFIFPPKIKDVIMISLSPIVTCVVVDVSEDDPDVQISWEVNNVE
VHTAQTQTHREDYNSTLRVVSALPIQHQDWMSGKEFKCKVNNKDLPAPTERTISKPKGSVRA
PQVYVLPPPEEEMTKKQVTLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMY
SKLRVEKKNWVERNSYSCSVVHEGLHNHHTTKS FSRTPGK

SEQ ID NO:8 IgG2 scFe

VECPPCPAPPVAGPSVFLFPPKPKDTIMISRTPEVTCVVVDVSHEDPEVQENWYVDGVEVHN
AKTKPREEQEFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPTEKTISKTKGQPREPQV
YTLPPSREEMTKNQVSLTCLVKGEFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFEFLYSKL
TVDKSRWOOGNVESCSVMHEATLHNHYTQKSLSLSPGKGGGGSGGGGSGGGEGSGGGESGGEGEES

GGGGSGGGGSGGGEGESGGGEESGEGEGESGEEESGGEGESGGGGESGGGGVECPPCPAPPVAGPSVEL

FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQENSTERVVS
VLTVVHQDWLNGKEYKCKVSNKGLPAPTEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGEFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFEFLYSKLTVDKSRWQOGNVESCSVM
HEALHNHYTQKSLSLSPGK

SEQ ID NO:9 IgG4 Fe
KYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGV
EVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSTIEKTISKAKGQPR
EPQVYTLPPSQEEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFFEFL
YSRLTVDKSRWQEGNVESCSVMHEALHNHYTQKSLSLSLGK
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SEQ ID NO:10 I1gG4 scFc

KYGPPCPSCPAPEFLGGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQENWYVDGV
EVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPR
EPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFL
YSRLTVDKSRWQEGNVESCSVMHEALHNHYTQKSLSLSLGKGGGGSGGGGSGGGGSGGGGSG

GGGSGGGGSGGEGEGSGGEGGESGEEGESGGEGEGESGEGEGESGGEEESGEEESGGGGKYGPPCPSCPAPER

LGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQENWYVDGVEVHNAKTKPREEQFE
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEM
TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEG
NVESCSVMHEALHNHYTQKSLSLSLGK

SEQ ID NO:11 PGDM1400 IgG1 HC
QAQLVQSGPEVRKPGTSVKVSCKAPGNTLKTYDLHWVRSVPGQGLOWMGWI SHEGDKKVIVE
REFKAKVTIDWDRSTNTAYLQLSGLTSGDTAVYYCAKGSKHRLRDYALYDDDGALNWAVDVDY
LSNLEFWGQGTAVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGA
LTSGVHTFPAVLQOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTH
TCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHN
AKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFLYSKL
TVDKSRWQQOGNVESCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:12 PGDM1400 LC
DEVLTQSPHSLSVIPGESASISCKSSHSLIHGDRNNYLAWYVQKPGRSPQLLIYLASSRASG
VPDRESGSGSDKDETLKISRVETEDVGTYYCMQGRESPWTFGQGTKVDIKRTVAAPSVEIFEP
PSDEQLKSGTASVVCLLNNFEYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSENRGEC

SEQ ID NO:13 PGDM1400 HC (Fab)
QAQLVQSGPEVRKPGTSVKVSCKAPGNTLKTYDLHWVRSVPGQGLOWMGWI SHEGDKKVIVE
REFKAKVTIDWDRSTNTAYLQLSGLTSGDTAVYYCAKGSKHRLRDYALYDDDGALNWAVDVDY
LSNLEFWGQGTAVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGA
LTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
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SEQ ID NO:14 PGDM1400 scFab

DEVLTQSPHSLSVIPGESASISCKSSHSLIHGDRNNYLAWYVQKPGRSPQLLIYLASSRASG
VPDRESGSGSDKDETLKISRVETEDVGTYYCMQGRESPWTFGQGTKVDIKRTVAAPSVEIEP
PSDEQLKSGTASVVCLLNNFEYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSENRGECGGGGSGGGGSGGGGSGGGGSGGGGSGGGG

SGGGGSGGGGESGEGEGESGGEGEESGGEGEGESGGEEGESGEGEESGEGEES QAQLVQSGPEVRKPGTSVKVS

CKAPGNTLKTYDLHWVRSVPGQGLQWMGWISHEGDKKVIVERFKAKVT IDWDRSTNTAYLQL
SGLTSGDTAVYYCAKGSKHRLRDYALYDDDGALNWAVDVDYLSNLEFWGQGTAVIVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDY FPEPVTIVSWNSGALTSGVHTEFPAVLQSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC

SEQ ID NO:15 N49P7 IgG1 HC
ADLVQSGAVVKKPGDSVRISCEAQGYRFPDYITHWIRRAPGQGPEWMGWMN PMGGQVNTI PWK
FOGRVSMTRDTSIETAFLDLRGLKSDDTAVYYCVRDRSNGSGKRFESSNWELDLWGRGTAVT
IQSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTEFPAVLQS
SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGP
SVFLEFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTY
RVVSVLTVLHQODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQQGNVES
CSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:16 N49P7 LC
QSALTQPRSVSASPGQSVTISCTGTHNLVSWCQHQPGRAPKLLIYDFNKRPSGVPDRESGSG
SGGTASLTITGLODDDDAEYFCWAYEAFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKAT
LVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC
QVTHEGSTVEKTVAPTEC

SEQ ID NO:17 N49P7 HC (Fab)
ADLVQSGAVVKKPGDSVRISCEAQGYRFPDYITHWIRRAPGQGPEWMGWMN PMGGQVNTI PWK
FOGRVSMTRDTSIETAFLDLRGLKSDDTAVYYCVRDRSNGSGKRFESSNWELDLWGRGTAVT
IQSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDY FPEPVIVSWNSGALTSGVHTEFPAVLQS
SGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
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SEQ ID NO:18 N49P7 scFab

OSALTQPRSVSASPGQSVTISCTGTHNLVSWCQHQPGRAPKLLIYDENKRPSGVPDRESGSG
SGGTASLTITGLODDDDAEYFCWAYEAFGGGTKLTVLGQPKAAPSVTLEFPPSSEELQANKAT
LVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC
QVTHEGSTVEKTVAPTECGGGGSGGGGSGGGGSGGGGSGGGEGESGGGEGSGGGGSGGGGSGGGG

SGGGGSGGGGESGGGEGESGEEGESGGGGSADLVQSGAVVKKPGDSVRISCEAQGYREFPDYTITHWT

RRAPGQGPEWMGWMNPMGGQVNIPWKEFQGRVSMTRDT STETAFLDLRGLKSDDTAVYYCVRD
RSNGSGKRFESSNWELDLWGRGTAVTIQSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYF
PEPVIVSWNSGALTSGVHT FPAVLQSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVD
KKVEPKSC

SEQ ID NO:19 10E8v4 IgG1 HC

EVRLVESGGGLVKPGGSLRLSCSASGEFDEFDNAWMTWVRQPPGKGLEWVGRITGPGEGWSVDY
AESVKGRETISRDNTKNTLYLEMNNVRTEDTGYYFCARTGKYYDEWSGYPPGEEYFQDWGQG
TLVIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPA
VLQOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEL
LGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT ISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:20 10E8v4 LC
SELTQDPAVSVALKQTVTITCRGDSLRSHYASWYQKKPGQAPVLLEYGKNNRPSGIPDRESG
SASGNRASLTITGAQAEDEADYYCSSRDKSGSRLSVEGGGTKLTVLSQPKAAPSVTLEPPSS
EELQANKATLVCLISDEYPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ
WKSHRSYSCQVTHEGSTVEKTVAPTECS

SEQ ID NO:21 10E8v4 HC (Fab)
EVRLVESGGGLVKPGGSLRLSCSASGFDFDNAWMTWVRQPPGKGLEWVGRITGPGEGWSVDY
AESVKGRFTISRDNTKNTLYLEMNNVRTEDTGYYFCARTGKYYDFWSGYPPGEEYFQDWGQG
TLVIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFEFPA
VLOSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
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SEQ ID NO:22 10E8v4 scFab

SELTQDPAVSVALKQTVTITCRGDSLRSHYASWYQKKPGQAPVLLEYGKNNRPSGIPDRESG
SASGNRASLTITGAQAEDEADYYCSSRDKSGSRLSVEGGGTKLTVLSQPKAAPSVTLEPPSS
EELOQANKATLVCLISDEFYPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ
WKSHRSYSCQVTHEGSTVEKTVAPTECGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGES

GGGGSGGGGSGGGEGESGGGEGESGGEGEESGGEGGESGGEEGESEVRLVESGGGLVKPGGSLRLSCSASGE

DEDNAWMTWVRQPPGKGLEWVGRITGPGEGWSVDYAESVKGRFTISRDNTKNTLY LEMNNVR
TEDTGYYFCARTGKYYDEFWSGYPPGEEYFQODWGQGTLVIVSSASTKGPSVEFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYT
CNVNHKPSNTKVDKKVEPKSC

SEQ ID NO:23 iMab IgG1 HC
QVQLOQSGPEVVKPGASVKMSCKASGYTFTSYVIHWVROQKPGQGLDWIGYINPYNDGTDYDE
KFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWEFAYWGQGTLVTVSSAS
TKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTEFPAVLQSSGLYS
LSSVVIVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYCDKTHTCPPCPAPELLGGPSVELFE
PPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTC
LVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQQGNVESCSVMH
EALHNHYTQKSLSLSPGK

SEQ ID NO:24 iMab LC
DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLLIYWASTRES
GVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEIKRTVAAPSVFEIFP
PSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSEFNRGEC

SEQ ID NO:25 iMab HC (Fab)
QVQLQQOSGPEVVKPGASVKMSCKASGYTEFTSYVIHWVRQKPGQGLDWIGYINPYNDGTDYDE
KFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWFAYWGQGTLVTVSSAS
TKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYC
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SEQ ID NO:26 iMab scFab

DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWY QOKPGOSPKLLIYWASTRES
GVPDRFSGSGSGTDEFTLTISSVQAEDVAVYYCQQYYSYRTFGGGTKLEIKRTVAAPSVEIFEP
PSDEQLKSGTASVVCLLNNEFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSENRGECGGGGSGGGGSGGGGSGGGGSGGGGSGGGE

SGGGGSGGGEGESGEGEGESGGEGEESGGEGEGESGGEEGESGEGEESGEGEES QVOLOQSGPEVVKPGASVKMS

CKASGYTFTSYVIHWVRQKPGQGLDWIGYINPYNDGTDYDEKFKGKATLTSDTSTSTAYMEL
SSLRSEDTAVYYCAREKDNYATGAWFAYWGQGTLVIVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLQSSGLYSLSSVVITVPSSSLGTQTYICNV
NHKPSNTKVDKKVEPKSC

SEQ ID NO:27 PGDM1400-hFTL

DEVLTQSPHSLSVIPGESASISCKSSHSLIHGDRNNYLAWYVQOKPGRSPQLLIYLASSRASG
VPDRESGSGSDKDETLKISRVETEDVGTYYCMQGRESPWT FGQGTKVDIKRTVAAPSVETIEP
PSDEQLKSGTASVVCLLNNFEFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSENRGECGGGGSGGGGSGGGGESGGGEGSGGGGSGGGE

SGGGGSGGGEGESGGEGEGESGGGESGEGEGESGGEEESGEGEESGGGESQAQLVQSGPEVRKPGTSVKVS

CKAPGNTLKTYDLHWVRSVPGQGLOQWMGWISHEGDKKVIVERFKAKVTIDWDRSTNTAYLQL
SGLTSGDTAVYYCAKGSKHRLRDYALYDDDGALNWAVDVDYLSNLEFWGQGTAVIVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLOSSGLYSLS
SVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDGGGGSGGGGSGGGGSGGGGESGGGE

SGGSSQIRQNYSTDVEAAVNSLVNLYLOASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKR
EGYERLLKMQONQRGGRALFQDIKKPAEDEWGKT PDAMKAAMALEKKLNQALLDLHALGSART
DPHLCDFLETHFLDEEVKLIKKMGDHLTNLHRLGGPEAGLGEYLFERLTLRHD

SEQ ID NO:28 N49P7-C_hFTL

QOSALTQPRSVSASPGQSVTISCTGTHNLVSWCQHQPGRAPKLLIYDENKRPSGVPDRESGSG
SGGTASLTITGLODDDDAEYFCWAYEAFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKAT
LVCLISDEFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC
QVTHEGSTVEKTVAPTECGGGGSGGGGSGGGGESGGGEGESGGEGEESGGEEGESGEEESGEGEGSGGEGEGE

SGGGGSGGGEGESGGGEGSGGEGESGGGGSADLVQOSGAVVKKPGDSVRISCEAQGYREPDYITHWT

RRAPGQGPEWMGWMNPMGGQVNIPWKEFQGRVSMTRDT SIETAFLDLRGLKSDDTAVYYCVRD
RSNGSGKRFESSNWELDLWGRGTAVTIQSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVD
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KKVEPKSCGGGGSGGGEGSGGGGSGGGEGESGGEGEES GGGKTPDAMKAAMALEKKLNQALLDLHAL

GSARTDPHLCDFLETHFLDEEVKLIKKMGDHLTNLHRLGGPEAGLGEYLFERLTLRHD

SEQ ID NO:29 N49P7-N_hFTL

QSALTQPRSVSASPGQSVTISCTGTHNLVSWCQHQPGRAPKLLIYDEFNKRPSGVPDRESGSG
SGGTASLTITGLODDDDAEYFCWAYEAFGGGTKLTVLGQPKAAPSVTLEFPPSSEELQANKAT
LVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC
QVTHEGSTVEKTVAPTECGGGGSGGGGSGGGGSGGGGSGGGGSGEGESGGEEGESGGEEESGEEE

SGGGGSGGEGGESGEEESGEEGESGEGGEGSADLVQSGAVVKKPGDSVRISCEAQGYREFPDYTITHWT

RRAPGQGPEWMGWMNPMGGQVNIPWKEFQGRVSMTRDT STETAFLDLRGLKSDDTAVYYCVRD
RSNGSGKRFESSNWELDLWGRGTAVTIQSASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVD
KKVEPKSCGGGGSGGGGSGGGGSGGGGESGGGEESGGSSQIRQNYSTDVEAAVNSLVNLYLQAS

YTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMONQRGGRALFQDIKKPAEDEW

SEQ ID NO:30 10E8v4-C_hFTL

SELTQDPAVSVALKQTVTITCRGDSLRSHYASWYQKKPGQAPVLLEYGKNNRPSGIPDRESG
SASGNRASLTITGAQAEDEADYYCSSRDKSGSRLSVEGGGTKLTVLSQPKAAPSVTLEPPSS
EELQANKATLVCLISDEYPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ
WKSHRSYSCQVTHEGSTVEKTVAPTECGGGGSGGGGSGGGGSGGGGSGGGGESGGGEGSGGGES

GGGGSGGGGSGEGEGESGGGEGESGGEGEESGGEGEESGEEGESEVRLVESGGGLVKPGGSLRLSCSASGE

DEDNAWMTWVRQPPGKGLEWVGRITGPGEGWSVDYAESVKGRFTISRDNTKNTLY LEMNNVR
TEDTGYYFCARTGKYYDEFWSGYPPGEEYFQDWGQGTLVIVSSASTKGPSVEPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYT
CNVNHKPSNTKVDKKVEPKSCGGGGSGGGGSGGGEGESGGEGESGGGEGES GGGGKTPDAMKAAMAL

EKKLNQATLLDLHALGSARTDPHLCDFLETHFLDEEVKLIKKMGDHLTNLHRLGGPEAGLGEY
LFERLTLRHD

SEQ ID NO:31 iMab-C_hFTL

DIVMTQSPDSLAVSLGERVTMNCKSSQSLLYSTNQKNYLAWYQQKPGQSPKLLIYWASTRES
GVPDRFSGSGSGTDEFTLTISSVQAEDVAVYYCQQYYSYRTEFGGGTKLEIKRTVAAPSVEIFEP
PSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSENRGECGGGGSGGGGSGGGGSGGGGSGGGEGESGGGEE

SGGGGSGGGGESGGEGEGESGEEESGEGEGESGEEESGEGEGESGGEESQVQLOQSGPEVVKPGASVKMS
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CKASGYTFTSYVIHWVRQKPGQGLDWIGYINPYNDGTDYDEKFKGKATLTSDTSTSTAYMEL
SSLRSEDTAVYYCAREKDNYATGAWFAYWGQGTLVIVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLQSSGLYSLSSVVITVPSSSLGTQTYICNV
NHKPSNTKVDKKVEPKSCGGGGSGGGGSGGGGSGGGGSGGGGSGGGGKTPDAMKAAMATL EKK

LNQALLDLHALGSARTDPHLCDFLETHFLDEEVKLIKKMGDHLTNLHRLGGPEAGLGEYLFE
RLTLRHD

SEQ ID NO:32 10E8v4-C_hFTL-IgGl_Fc

SELTQDPAVSVALKQTVTITCRGDSLRSHYASWYQKKPGQAPVLLEYGKNNRPSGIPDRESG
SASGNRASLTITGAQAEDEADYYCSSRDKSGSRLSVEGGGTKLTVLSQPKAAPSVTLEPPSS
EELOANKATLVCLISDEYPGAVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ
WKSHRSYSCQVTHEGSTVEKTVAPTECGGGGSGGGGSGGGGESGGGGESGGGEGESGGEGESGGEES

GGGGSGGGGSGGGEGESGGGEGESGGGEGESGEEESGGEGSEVRLVESGGGLVKPGGSLRLSCSASGE

DEDNAWMTWVRQPPGKGLEWVGRITGPGEGWSVDYAESVKGRFTISRDNTKNTLYLEMNNVR
TEDTGYYFCARTGKYYDEFWSGYPPGEEY FODWGQGTLVIVSSASTKGPSVEPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQOSSGLYSLSSVVIVPSSSLGTQTYT
CNVNHKPSNTKVDKKVEPKSCGGGGSGGGGSGGGEGSGGEEGSGGGES GGGGKTPDAMKAAMALL

EKKLNQALLDLHALGSARTDPHLCDFLETHFLDEEVKLIKKMGDHLTNLHRLGGPEAGLGEY
LFERLTLRHDGGSGGSGGSGGSGGGSGGSGGSGGSGDKTHTCPPCPAPELLGGPSVELEPPK

PKDTLMISRTPEVICVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK
GEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCSVMHEAL
HNHYTQKSLSLSPGK

SEQ ID NO:33 10E8v4-C_hFTL-IgG1 LS

SELTQDPAVSVALKQTVTITCRGDSLRSHYASWYQKKPGQAPVLLEFYGKNNRPSGIPDRFSG
SASGNRASLTITGAQAEDEADYYCSSRDKSGSRLSVFGGGTKLTVLSQPKAAPSVTLEPPSS
EELQANKATLVCLISDFYPGAVTIVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ
WKSHRSYSCQVTHEGSTVEKTVAPTECGGGGSGGGGSGGGGSGGGGSGGGGSGGEGEGESGGEGES

GGGGSGGGGSGGGEGESGGGEGESGGEEGESGEEGSGEGGSEVRLVESGGGLVKPGGSLRLSCSASGE

DEDNAWMTWVRQPPGKGLEWVGRITGPGEGWSVDYAESVKGRFTISRDNTKNTLY LEMNNVR
TEDTGYYFCARTGKYYDFWSGYPPGEEYFQDWGQGTLVIVSSASTKGPSVEPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQOSSGLYSLSSVVIVPSSSLGTQTYT
CNVNHKPSNTKVDKKVEPKSCGGGGSGGGGSGGGGSGGGESGGGGS GGGGKTPDAMKAAMAT
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EKKLNQALLDLHALGSARTDPHLCDFLETHFLDEEVKLIKKMGDHLTNLHRLGGPEAGLGEY
LFERLTLRHDGGSGGSGGSGGSGGGSGGSGGSGGSGDKTHTCPPCPAPELLGGPSVELEPPK

PKDTLMISRTPEVICVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVK

GEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVES CSHEAL

HHHYTQKSLSLSPGK

SEQ ID NO:34 IgG1_scFe-N_hFTL

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFL
Y SKLTVDKSRWQQGNVEFSCSVMHEALHNHYTQKSLSLS PGKGGGGS GGGGS GGGGSGGGGSG

GGGSGGGGESGGEGEESGGEEESGGEGEGESGGEGEESGGEEESGEEESGEEGSGGGGDKTHTCPPCPAPEL

LGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQNY

STDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMQN
QRGGRALFQDIKKPAEDEW

SEQ ID NO:35 IgG2 scFe-N_hFTL

VECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHN
AKTKPREEQENSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQV
YTLPPSREEMTKNQVSLTCLVKGEFYPSDISVEWESNGQPENNYKTTPPMLDSDGSEFFLYSKL
TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGES

GGGGSGGGGSGGGEGESGGGEGSGGEGEGESGEEGSGGEGESGGEGSGGGGVECPPCPAPPVAGPSVETL

FPPKPKDTLMISRTPEVTICVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQENSTERVVS
VLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGEFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFEFLYSKLTVDKSRWQOGNVESCSVM
HEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQNYSTDVEAAV

NSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMONQRGGRALF
QDIKKPAEDEW
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SEQ ID NO:36 IgG4_scFe-N_hFTL

KYGPPCPSCPAPEFLGGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQENWYVDGV
EVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSTEKTISKAKGQPR
EPQVYTLPPSQEEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFL
Y SRLTVDKSRWQEGNVEFSCSVMHEALHNHYTOKSLSLSLGKGGGGS GGGGS GGGGSGGGGSG

GGGSGGGGSGGEGEGSGGEGEGESGGEEGESGGEGEGESGGEGEGESGGEGEESGGEEGESGGGGKYGPPCPSCPAPER

LGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQENWYVDGVEVHNAKTKPREEQFE
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEM
TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEG
NVESCSVMHEALHNHYTQKSLSLSLGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQNY

STDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMQON
QRGGRALFQDIKKPAEDEW

SEQ ID NO:37 IgG1_P329G_scFc-N_hFTL
DKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGV

EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALEFPIEKTISKAKGQPR

EPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFFEL
YSKLTVDKSRWQQOGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSG

GGGSGGGGSGGEGEGESGGEGEESGGEGEGESGEEESGGEGEGESGGEGESGGGGSGGGGDKTHTCPPCPAPEL

LGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQY
NSTYRWSVLTVLHQDWLNGKEYKCKVSNKALPIE‘.KTI SKAKGQPREPQVYTLPPSREEM

TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQNY

STDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMQN
QRGGRALFQDIKKPAEDEW

SEQ ID NO:38 IgGl_LALA_ scFc-N_hFTL
DKTHTCPPCPAPEEggGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFFL
YSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSG

GGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGDKTHTCPPCPAPq@

|@GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
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NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFELYSKLTVDKSRWQOQG
NVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGESGGEGGESGGEGESGGSSQIRONY

STDVEAAVNSLVNLYLQASYTYLSLGEFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMQON
QRGGRALFQDIKKPAEDEW

SEQ ID NO:39 IgGl_LALAP_scFc-N_hFTL
DKTHTCPPCPAPEEggGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALEPPIEKTISKAKGQPR

EPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFEFL
YSKLTVDKSRWOOGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSG

GGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGDKTHTCPPCPAPq@

@GGPSVFLFPPKPKDTLMISRT PEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPIE‘.KTI SKAKGQPREPQVYTLPPSREEM

TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQNY

STDVEAAVNSLVNLYLOASYTYLSLGEFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMON
QRGGRALFQDIKKPAEDEW

SEQ ID NO:40 IgGl_K288A_scFc-N_hFTL
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGV

EVHNM@TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR

EPQVYTLPPSREEMTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGESG

GGGSGGGGSGGGGESGGEGEESGGEGEGESGGEESGGGESGGGGSGGGGSGGGGDKTHTCPPCPAPEL

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNM@TKPREEQY

NSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFELYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQNY

STDVEAAVNSLVNLYLQASYTYLSLGEFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMQON
QRGGRALFQDIKKPAEDEW
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SEQ ID NO:41 IgG1_1253A_scFe-N_hFTL
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMEFRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFFL
Y SKLTVDKSRWOQGNVESCSVMHEALHNHYTOKSLSLS PGKGGGGS GGGGSGGGGSGEGGSG

GGGSGGGGSGGGGESGGEGEGESGGGEGESGGEGSGGGEGESGGGESGGGGSGGGGDKTHTCPPCPAPEL

LGGPSVFLFPPKPKDTLMEERTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGESGGGGSGGGESGGSSQIRQONY

STDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMQON
QRGGRALFQDIKKPAEDEW

SEQ ID NO:42 IgG1_1253V_scFe-N_hFTL

DKTHTCPPCPAPELLGGPSVFLFPPKPKDT LMES RTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFL
Y SKLTVDKSRWQQGNVESCSVMHEALHNHYTOKSLSLS PGKGGGGS GGGGS GGGGSGEGGSG

GGGSGGGGSGGGEGESGGEEGESGEEGESGGGEGSGEEESGGEEGESGGGGSGGGGDKTHTCPPCPAPEL

LGGPSVFLFEP PKPKDTLMMS RTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM
TKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQNY

STDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMQON

QRGGRALFQDIKKPAEDEW

SEQ ID NO:43 IgGl_LALAP 1253A scFc-N_hFTL
DKTHTCPPCPAPEEggGGPSVFLFPPKPKDTLMEQSRTPEVTCVVVDVSHEDPEVKFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALEFPIEKTISKAKGQP

REPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEF
LYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGS

GGGGSGGGGSGGEGEGESGGEGEGESGGEGEESGGEEGESGEEGESGEGEESGEGESGGGGDKTHTCPPCPAPE

EggGGPSVFLFPPKPKDTLN&HSRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
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QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALEFPIEKTISKAKGQPREPQVYTLPPSRE

EMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFEFLY SKLTVDKSRWQ
QGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQ

NYSTDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKM
QONQRGGRALFQDIKKPAEDEW

SEQ ID NO:44 IgGl_LALAP_K288A scFc-N_hFTL
DKTHTCPPCPAPEEEgGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNM@TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALEFPIEKTISKAKGQP

REPQVYTLPPSREEMTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFEF
LYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGES
GGGGSGGGGSGGGEGESGGGGSGEEGESGEEGSGEEGESGGEGESGGGGSGGGGDKTHTCPPCPAPE

EggGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAEQTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALEFPIEKTISKAKGQPREPQVYTLPPSRE

EMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFEFLY SKLTVDKSRWQ
QGNVFESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGSGGGGSGGSSQIRQ

NYSTDVEAAVNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKM
ONQRGGRALFQDIKKPAEDEW

SEQ ID NO:45 1gG2_P329G K288A_scFc-N_hFTL
VECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQEFNWYVDGVEVHN

<M@TKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLEFPIEKTISKTKGQPREPQ
VYTLPPSREEMTKNQVSLTCLVKGEFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFFLYSK
LTVDKSRWOQQGNVESCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGGESGGGG
SGGGGSGGGEGESGEGEGESGGGGESGEGEGESGEEESGGEESGGEESGGGGVECPPCPAPPVAGPSVE

LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAEQTKPREEQFNSTFRVV

SVLTVVHQDWLNGKEYKCKVSNKGLEPPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSL

TCLVKGEFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFELY SKLTVDKSRWQQGNVESCSV
MHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSGGGEGSGGGGSGGSSQIRQNYSTDVEAA

VNSLVNLYLQASYTYLSLGFYFDRDDVALEGVSHFFRELAEEKREGYERLLKMONQRGGRAL
FOQDIKKPAEDEW
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SEQ ID NO:46 IgG2 Fc
VECPPCPAPPVAGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHN
AKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQV
YTLPPSREEMTKNQVSLTCLVKGEFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFEFLYSKL
TVDKSRWQQOGNVESCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:47 His tagged MPER peptide
HHHHHHNEQELLELDKWASLWNWENITNWLWY IKKKK

SEQ ID NO:48 Example GS repeat
GGGS

SEQ ID NO:49 Example GS repeat
GGGGS

EQUIVALENTS / OTHER EMBODIMENTS
[0220] While the invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this application is
intended to cover any variations, uses, or adaptations of the invention following, in general,
the principles of the invention and including such departures from the present disclosure that
come within known or customary practice within the art to which the invention pertains and

may be applied to the essential features herein before set forth.
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CLAIMS

1. A self-assembled polypeptide complex comprising

(a) a plurality of first fusion polypeptides, each first fusion polypeptide comprising (1)
an Fc polypeptide linked to (2) a nanocage monomer or subunit thereof, wherein the Fc
polypeptide comprises a Fc chain having one or more mutations relative to a reference Fc
chain of the same Ig class, and

(b) a plurality of second fusion polypeptides, each second fusion polypeptide
comprising (1) an antigen-binding antibody fragment linked to (2) a nanocage monomer or

subunit thereof.

2. The self-assembled polypeptide complex of claim 1,

wherein (1) if the Fc polypeptide is an IgG1 Fc polypeptide, the antigen-binding
fragment is not a Fab fragment that binds to SARS-CoV-2; and/or (2) if the nanocage
monomer is a mouse ferritin monomer and the Fc polypeptide is a mouse IgG2a Fc

polypeptide, the antigen-binding antibody fragment is not a Fab fragment that binds to CD19.

3. The self-assembled polypeptide complex of claim 1 or 2, wherein the nanocage

monomer is a ferritin monomer.

4, The self-assembled polypeptide complex of claim 3, wherein the ferritin monomer is

a ferritin light chain.

5. The self-assembled polypeptide complex of claim 4, which does not comprise any

ferritin heavy chains or subunits of ferritin heavy chains.

6. The self-assembled polypeptide complex of claim 3, 4, or 5, wherein the ferritin

monomer is a human ferritin.

7. The self-assembled polypeptide complex of any one of claims 1-6, wherein the Fc

polypeptide is an IgG1 Fc polypeptide.

8. The self-assembled polypeptide complex of any one of claims 1-6, wherein the Fc

polypeptide is an IgG2 Fc polypeptide.
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9. The self-assembled polypeptide complex of any one of claims 1-8, wherein the Fc

polypeptide is a single-chain Fc¢ (scFc).

10.  The self-assembled polypeptide complex of any one of claims 1-8, wherein the Fc

polypeptide is an Fc monomer.

11. The self-assembled polypeptide complex of any one of claims 1-10, wherein the
antigen-binding antibody fragment comprises a light chain variable domain and a heavy chain

variable domain.

12. The self-assembled polypeptide complex of claim 11, wherein the antigen-binding

antibody fragment is a Fab fragment.

13. The self-assembled polypeptide complex of any one of claims 1-12, wherein each

second fusion polypeptide does not comprise any CH2 or CH3 domains.

14.  The self-assembled polypeptide complex of any one of claims 1-13, wherein the one
or more mutations comprise a mutation or set of mutations associated with altered binding to

FcRn.

15.  The self-assembled polypeptide complex of claim 14, wherein the mutation or set of
mutations comprises a mutation at one or more of the following residues: M252, 1253, S254,
T256, K288, M428, and N434, or combinations thereof, wherein numbering is according to
the EU index.

16.  The self-assembled polypeptide complex of claim 15, wherein the mutation or set of
mutations comprises mutations at M428 and N434,wherein numbering is according to the EU

index.

17.  The self-assembled polypeptide complex of claim 16, wherein the mutation or set of
mutations comprises M428L and N434S mutations, wherein numbering is according to the

EU index.

18.  The self-assembled polypeptide complex of claim 14 or 15, wherein the altered
binding to FcRn is decreased binding to FcRn.

19.  The self-assembled polypeptide complex of claim 15, wherein the mutation or set of

mutations associated with decreased binding to FcRn is selected from the group consisting of
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1253A, 1253V, and K288A, and combinations thereof, wherein numbering is according to the
EU index.

20.  The self-assembled polypeptide complex of any one of claims 1-19, wherein the one
or more mutations comprise a mutation or set of mutations associated with altered effector

function.

21.  The self-assembled polypeptide complex of claim 20, wherein the Fc polypeptide is
an IgG1 Fc polypeptide, and wherein the mutation or set of mutations comprises a mutation
at one or more the following residues: 1.234, L235, G236, G237, P329, and A330, or

combinations thereof, wherein numbering is according to the EU index.

22.  The self-assembled polypeptide complex of claim , wherein the altered effector

function is decreased effector function.

23.  The self-assembled polypeptide complex of claim 22, wherein the mutation or set of
mutations associated with decreased effector function is selected from the group consisting of
LALA (L234A/L235A), LALAP (L234A/L235A/P329G), G236R, G237A, and A330L,

wherein numbering is according to the EU index.

24.  The self-assembled polypeptide complex of any one of claims 1-23, wherein the
nanocage monomer or subunit thereof is a ferritin monomer subunit, and
a. each first fusion polypeptide comprises a ferritin monomer subunit which is C-half-
ferritin and each second fusion polypeptide comprises a ferritin monomer subunit

which is N-half-ferritin; or

b. each first fusion polypeptide comprises a ferritin monomer subunit which is N-half
ferritin and each second fusion polypeptide comprises a ferritin monomer subunit

which is C-half-ferritin.

25. The self-assembled polypeptide complex of any one of claims 1-24, wherein the self-
assembled polypeptide complex is characterized by a 1:1 ratio of first fusion polypeptides to

second fusion polypeptides.
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26. The self-assembled polypeptide complex of any one of claims 1-25, wherein, within
each first fusion polypeptide, the Fc polypeptide is linked to the nanocage monomer or

subunit thereof via an amino acid linker.

27. The self-assembled polypeptide complex of any one of claims 1-26, wherein, within
each first fusion polypeptide, the Fc polypeptide is linked to the nanocage monomer or

subunit thereof at the N-terminus of the nanocage monomer or subunit thereof.

28. The self-assembled polypeptide complex of any one of claims 1-27, wherein, within
each second fusion polypeptide, the antigen-binding antibody fragment is linked to the

nanocage monomer or subunit thereof via an amino acid linker.

29. The self-assembled polypeptide complex of any one of claims 1-28, wherein, within
each second fusion polypeptide, the antigen-binding antibody fragment is linked to the
nanocage monomer or subunit thereof at the N-terminus of the nanocage monomer or subunit

thereof.

30.  The self-assembled polypeptide complex of any one of claims 1-29, further
comprising a plurality of third fusion polypeptides, each third fusion polypeptide comprising
(1) an antigen-binding antibody fragment linked to (2) a nanocage monomer or a subunit

thereof, wherein the third fusion polypeptide is different than the second fusion polypeptide.

31. The self-assembled polypeptide complex of claim 30, wherein the antigen-binding
antibody fragment within the third fusion polypeptide comprises a light chain variable

domain and a heavy chain variable domain.

32. The self-assembled polypeptide complex of claim 31, wherein the antigen-binding
antibody fragment within the third fusion polypeptide is a Fab fragment.

33.  The self-assembled polypeptide complex of any one of claims 30-32, wherein each

third fusion polypeptide does not comprise any CH2 or CH3 domains.

34, The self-assembled polypeptide complex of any one of claims 31-33, wherein the
antigen-binding antibody fragment of the second fusion polypeptide is capable of binding a
first epitope, the antigen-binding fragment of the third fusion polypeptide is capable of
binding a second epitope, and the first epitopes and second epitopes are distinct and non-

overlapping.

85



WO 2023/035056 PCT/CA2022/051084

35.  The self-assembled polypeptide complex of claim 34, wherein first epitopes and

second epitopes are from the same protein.

36.  The self-assembled polypeptide complex of any one of claims 35, comprising a total

of 24 to 48 fusion polypeptides.

37. The self-assembled polypeptide complex of any one of claims 1-36, comprising a

total of least 24 fusion polypeptides.

38. The self-assembled polypeptide complex of claim 37, comprising a total of at least 32
fusion polypeptides.

39.  The self-assembled polypeptide complex of claim 38, having a total of about 32
fusion polypeptides.

40. The self-assembled polypeptide complex of any one of claims 1-39, wherein the half-
life of the self-assembled polypeptide complex is at least 3 days, at least 5 days, at least 7
days, at least 10 days, at least 14 days, at least 21 days, or at least 28 days when administered

to a subject in need thereof.

41. The self-assembled polypeptide complex of any one of claims 1-40, characterized in
that, after administration of a composition comprising the self-assembled polypeptide
complex, the self-assembled polypeptide complex has a half-life substantially similar to that
of a reference IgG molecule administered by the same route of administration and in a similar

composition.

42. The self-assembled polypeptide complex of claim 41, wherein the reference IgG
molecule is an antibody from which the antigen-binding antibody fragment within the second
fusion polypeptide is derived or is an antibody from which the antigen-binding antibody

fragment within the third fusion polypeptide is derived.

43.  The self-assembled polypeptide complex of any one of claims 40-42, wherein the
half-life of the self-assembled polypeptide complex is from about 3 to about 35 days when

administered to a subject in need thereof.

44, The self-assembled polypeptide complex of any one of claims 1-43, wherein the self-

assembled polypeptide complex is detectable in serum after at least 3 days, at least 5 days, at
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least 7 days, at least 10 days, at least 14 days, at least 21 days, or at least 28 days after

administration to a subject in need thereof.

45, The self-assembled polypeptide complex of any one of claims 1-44, wherein the area-
under-the-curve (AUC) of the self-assembled polypeptide complex is at least 10 day-pg/mL,
at least 25 day-pug/mL, at least 50 day-pg/mL, at least 100 day-pg/mL, at least 200
day-pg/mL, at least 300 day-pg/mL, at least 400 day-pg/mL, at least 500 day-pg/mL, at least
750 day-pg/mL, at least 1000 day-pg/mL, at least 1500 day-pg/mL, at least 2000 day-pg/mL,
at least 2500 day-pg/mL, at least 3000 day-ug/mL, at least 4000 day-pg/mL, at least 5000
day-pg/mL, at least 6000 day-ug/mL, at least 7000 day-pg/mL, or at least 8000 day-pg/mL

when administered to a subject in need thereof.

46.  The self-assembled polypeptide complex of any one of claims 1-45, wherein the area-
under-the-curve (AUC) of the self-assembled polypeptide complex is from about 10 to about
8000 day-pg/mL when administered to a subject in need thereof.

47.  The self-assembled polypeptide complex of any one of claims 1-46, wherein the
maximum concentration (Cmax) of the self-assembled polypeptide complex is at least 10
pug/mL, at least 25 pg/mL, at least 50 ug/mL, at least 100 pg/mL, at least 250 pug/mL, at least
500 pg/mL, at least 750 ug/mL, at least 1 mg/mL, at least 10 mg/mL, at least 25 mg/mL, at
least 50 mg/mL, at least 75 mg/mL, at least 100 mg/mL, at least 250 mg/mL, at least 500

mg/mL, or at least 750 mg/mL when administered to a subject in need thereof.

48. The self-assembled polypeptide complex of any one of claims 1-47, wherein the
maximum concentration (Cmax) of the self-assembled polypeptide complex is from about 10

pg/mL to about 750 mg/mL when administered to a subject in need thereof.

49, The self-assembled polypeptide complex of any one of claims 40-48, wherein the

subject is human.

50. The self-assembled polypeptide complex of any one of claims 40-49, wherein

administration to the subject is by parenteral administration.

51. The self-assembled polypeptide complex of any one of claims 40-49, wherein
administration to the subject is by subcutaneous administration, intravenous administration,

intramuscular administration, intranasal administration, or by inhalation.
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52. The self-assembled polypeptide complex of any one of claims 1-51, characterized in
that the self-assembled polypeptide complex induces antibody-dependent cellular
phagocytosis (ADCP) in an in vitro model of ADCP.

53.  The self-assembled polypeptide complex of claim 52, wherein the ADCP is induced
at alevel of at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%

>

at least 50%, at least 55%, or at least 60% internalization of target.

54, A method comprising administering a composition comprising the self-assembled

polypeptide complex of any one of claims 1-53 to a mammalian subject.
55. The method of claim 54, wherein the subject is human.
56. The method of claim 54 or 55, comprising administration by a systemic route.

57. The method of claim 56, wherein the systemic route comprises subcutaneous,

intravenous, or intramuscular injection, inhalation, or intranasal administration.

58. The method of any one of claims 54-57, wherein, after administration, the half-life of
the self-assembled polypeptide complex in the mammalian subject is at least 3 days, at least 5

days, at least 7 days, at least 10 days, at least 14 days, at least 21 days, or at least 28 days.

59. The method of any one of claims 54-58, wherein, after administration, the half-life of

the self-assembled polypeptide complex in the mammalian subject is from 3 to 35 days.

60. The method of any one of claims 54-59, wherein, after administration, the area-under-
the-curve (AUC) of the self-assembled polypeptide complex in the mammalian subject is at
least 10 day-pg/mL, at least 25 day-pg/mL, at least 50 day-ug/mL, at least 100 day-ug/mL, at
least 200 day-ug/mL, at least 300 day-ug/mL, at least 400 day-pg/mL, at least 500
day-pg/mL, at least 750 day-pg/mL, at least 1000 day-ug/mL, at least 1500 day-pg/mL, at
least 2000 day-pg/mL, at least 2500 day-ug/mL, at least 3000 day-ug/mL, at least 4000
day-pg/mL, at least 5000 day-pg/mL, at least 6000 day-pg/mL, at least 7000 day-pg/mL, or at
least 8000 day-ug/mL.

61. The method of any one of claims 54-60, wherein, after administration, the area-under-
the-curve (AUC) of the self-assembled polypeptide complex in the mammalian subject is

from about 10 to about 8000 day-pg/mL.
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62. The method of any one of claims 54-61, wherein, after administration, the maximum
concentration (Cmax) of the self-assembled polypeptide complex in the mammalian subject
is at least 10 ug/mL, at least 25 pg/mL, at least 50 ug/mL, at least 100 pg/mL, at least 250
png/mL, at least 500 pg/mL, at least 750 pg/mL, at least 1 mg/mL, at least 10 mg/mL, at least
25 mg/mL, at least 50 mg/mL, at least 75 mg/mL, at least 100 mg/mL, at least 250 mg/mL, at
least 500 mg/mL, or at least 750 mg/mL.

63. The method of any one of claims 54-62, wherein, after administration, the maximum
concentration (Cmax) of the self-assembled polypeptide complex in the mammalian subject

is from about 10 pg/mL to about 750 mg/mL.

64. A fusion polypeptide comprising (1) an Fc polypeptide linked to (2) a nanocage
monomer or subunit thereof, wherein the Fc polypeptide comprises a Fc chain having one or
more mutations relative to a reference Fc chain of the same Ig class, wherein the one or more
mutations comprise a mutation or set of mutations associated with altered binding to FcRn

and/or with altered effector function.
65. The fusion polypeptide of claim 64, wherein the nanocage monomer is a ferritin
monomer.

66. The fusion polypeptide of claim 65, wherein the ferritin monomer is a ferritin light

chain.

67. The fusion polypeptide of claim 66, which does not comprise any ferritin heavy

chains or subunits of ferritin heavy chains.

68. The fusion polypeptide of any one of claims 65-67, wherein the ferritin monomer is a

human ferritin.

69.  The fusion polypeptide of any one of claims 64-68, wherein the Fc polypeptide is an
IgG1 Fc polypeptide.

70.  The fusion polypeptide of any one of claims 64-68, wherein the Fc polypeptide is an
IgG2 Fc polypeptide.

71. The fusion polypeptide of any one of claims 64-70, wherein the Fc polypeptide is a

single-chain Fc (scFc).
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72.  The fusion polypeptide of any one of claims 64-71, wherein the mutation or set of
mutations comprises a mutation at one or more of the following residues: M252, 1253, S254,
T256, K288, M428, and N434, or combinations thereof, wherein numbering is according to
the EU index.

73.  The fusion polypeptide of any one of claims 64-72, wherein the altered binding to
FcRn is decreased binding to FcRn.

74.  The fusion polypeptide of claim 73, wherein the mutation or set of mutations
associated with decreased binding to FcRn is selected from the group consisting of 1253 A,
1253V, and K288A, and combinations thereof, wherein numbering is according to the EU

index.

75.  The fusion polypeptide of any one of claims 64-71, wherein the Fc polypeptide is an
IgG1 Fc polypeptide, and wherein the mutation or set of mutations comprises a mutation at
one or more the following residues: L234, L235, G236, G237, P329, and A330, or

combinations thereof, wherein numbering is according to the EU index.

76. The fusion polypeptide of any one of claims 64-71 and 75, wherein the altered

effector function is decreased effector function.

77.  The fusion polypeptide of claim 76, wherein the mutation or set of mutations
associated with decreased effector function is selected from the group consisting of LALA
(L234A/L235A), LALAP (L234A/L235A/P329G), G236R, G237A, and A330L, wherein

numbering is according to the EU index.

78. The fusion polypeptide of any one of claims 64-77, wherein the nanocage monomer
or subunit thereof is a ferritin monomer subunit, and
a. each first fusion polypeptide comprises a ferritin monomer subunit which is C-half-
ferritin and each second fusion polypeptide comprises a ferritin monomer subunit
which is N-half-ferritin; or
b. each first fusion polypeptide comprises a ferritin monomer subunit which is N-half
ferritin and each second fusion polypeptide comprises a ferritin monomer subunit
which is C-half-ferritin.
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79. The fusion polypeptide of any one of claims 64-78, wherein, within each first fusion
polypeptide, the Fc polypeptide is linked to the nanocage monomer or subunit thereof via an

amino acid linker.

80. The fusion polypeptide of any one of claims 64-79, wherein, within each first fusion
polypeptide, the Fc polypeptide is linked to the nanocage monomer or subunit thereof at the

N-terminus of the nanocage monomer or subunit thereof.
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