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5 Antibody-bownd nanoparticles

Cross Reference
This application clatms priovity to U.S. Provisional Patent Application Serial Nes.
63/036,062 filed June §, 2020; 63/085,351 filed September 30, 2020 63088556 filed
Y October 7, 2020, and 63/088,576 filed October 7, 2020, cach incorporated by reference herein

in its entirety.

Sequence Listing Statement:
A eomputer readable form of the Sequence Listing is filed with this apphication by
13 clectronic submission and is ineorporated fto this appbication by refersncs wn itz entirety. The

-

Scquence Listing is confaimed in the fike created on June 3, 2021 having the file name “20-

<
1336-WO-Seqlast_ST25axt7 and 15 178 kb 1 size.

Background

20 Antibodics are very widely used in therapeutics and diagnostics applications. While
there have been some efforts to oligomerize anttbodies to enbance avidity and receptor
chustering, there are no current nrethods to precisely form ordered and stucturally

homogeneous antibody-bound nanoparticle stractures.

25 Summary
i a first aspeet, the disclosure provides particles, comprising:
{a}  aplurality of polypeptide polymers, wherein
{0 each monomer in the polymers comprises an anuno acid sequence at
feast S0%, 589, 60%, 65%, T0%, 7%, 80%, 85%, D0% V1%, 92%, 93%, 94%, 95%, 96%:,
300 97%, 98%%, 99%, ar 1000y identical to the amino acid seguence of SEQ 1D NG
(1} cach monomer in the polymers comprises an amino acid sequence at
fenst S0%, 539, 60%, 65%, T0%, T5%, 80%, §3%, 90%, 91%, 92%, 93%, 94%, 9%, 96%,

Qo F8Y%, 99%, or 100% identical to the amino acid sequence of SEQ ID NG:2;

{11}  gach monomer in the polymers connprises an anuno acid scquenee at

least S0%,, 55%, 60%, 65%, T0%, 73%, BU%, B5%, 80%, 919, 92%, 93%, 94%,, 95%, 96%,

e
&

%%, 98%%, 99%, or 100% identical to the amine acid sequence of SEQ 1D NO:3;

1
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(v}  each monomer in the polvmers conprises an amino acid sequence at
least 50%, S53%, 60%, 83%, 70N, T3%, BO%, 85%, 1%, 9195, B2%,, 935, 84%, 95%,, 96%,
QTG S8V, 9996, or 1060%: identical o the amino acid sequence of SEQ 1D N4,

(v}  cach monomer in the polymers comprises an aniing acid sequence at

5 least S0%, S8%, 60%, 65%;, 70%, 75%, 80%, 85%, 90, 91%, 92%, 93%, 94%,, 95%, 96%%,
9T7%, O8%%, 99%, or 1% identical to the amine soid sequence of SEQ 1D NO:&;

(vi)  each monomer in the polymers comprises an aminoe acid sequence at

lenst 30%, 353%, 609, 63%, TO%, TR%, RO%, 85%, 90%, 9194, 02%, 939, 94%,, 95%, 96%,
975, 9&%, 999%, or 160% identical {0 the anuno acid sequence of SEQ ID RGe6;

HY (vii} ‘each monmmer in the polvimers comprises an aming acid sequence at

feast S0%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, D0%, 1%, 93%, 93%, 94%, 5%, 9%,

97%, 8%, 99%, or 1% wdenticad to the anino acid sequence of SEQ IDNOT,
{(viif} each monomer in the polymers comprises an amino acd sequence at
least 5{}‘}'3% 53%, 60%, 65%, T, 73%, 80T, 85%%, S0%, 91%, 92%, 93%, 4%, B5%%, WOl
1§ 0%, 9%, 99%, or 100% identical to the amino acid sequence of SEQ ID NORR; or
(ix)  coch monomer in the polvimers comprises an aming acid sequence at
loast 50%, S5, 600, 68%,, TOM, T3%, SO%, K3%, 000, 9195, 92%, 93%, 94%5, 05%, 9a%,
97, 98%, 99%, or 1060%: wlentical fo the amine acid sequence of SEQ 1D NG,
wherein residues 1o parentheses are optional (Le.: not considered in the percent
20 dentity requirement); and
{h) a plurality of {1} Tie2 recopor antibodies comprising Fo domaing, andfor i1}
dimners of fibnnogen-ike dorain derived from angiopoietin {F domain)fused to an Fo
domain;

wherein

frd
i

{1} gach Tie2 antibody or dimer comprises a first Fo domain and a second
Fe domam;

(it} cach TieZ anubody or dimer in the plarality i3 (4) now-covalendy
bogad via the first Fo domain 1o one polypeptide monamier chatn of g first polyimer, and (8}
non-covalently bound vig the sceond Fo domain to one polypeptide monomer of a second
36 polymer; and

(it} cach polypeptide monomer chain of cach polviner is non-covalently
bownd to one Fo domain;

wherein the particle comprises dibedral, tetrahedral, octahedral, or icosahedral

SYMAryY.



e
L

24

o
]

36

WO 2021/252327 PCT/US2021/036117

In one embodinient, the TieZ antthodics or dimers comprise Tie 2 anttbodics, whercin
the Tie-2 antibodics comprise an amine acid sequence af Teast S0%%, 58%, 60%, 68%%, 7%,
T3%, J0%%, BE%, BU%, 9106, G2%, 93%, D45, U8%,:, B6%, 979, S, 9%, or 100%: wentical
to the anino acid sequence of heavy and Hght chain pairs selected from the group consisting
of:

SEQ IDNOSH1-12
SEQ 1D NOS:13-14, and
SEQ D NOS: 13-16.

In another pmbodiment, the dimers comprise an amino acid sequence 3t least $0%,
33%, 60%, 65%,, T%, T8%, B0%,, R3%, D0%, 91%, 82%, 93%, 94%,, 5%, 96%, 97%., 98%,
9%, or 110%, identical to the amine acid sequence of the anuno acid sequence of SEQ D
NOET or 18, wherein restdues in parentheses are optional,

n another embodiment, the particles or compositions thervof are used for wreating
comprising treating or lniting development of discases or syndromes resulting from vascular
dvsfunction, inclading but not himited to bacterial or viral infections, sepsis, acute respiratory
distress svidronie {ARDS), acufe lung mjury, scute kidney injury, wet-age related mgoudar
degenerationy, oper aongle glaucoma, digbetic retinopathy, and diabetic nepleopathy.

In another embodiment, the discloswe compriscs polvpeptides comprising an aning
acid sequence comprising or consisting of the mmimo acid sequence of any one of SEQ D
NOS: 17-18 and 47, mucleie acids encoding such polypeptides, expression vectors comprising
such nucleic acids operatively linked fo control sequence, and bost cells ecomprising such
polypepides, nucleie acids, andfor expression vectors.

In other embodiments, the disclosure provides kits comprising

(1) & polypeptide comprising an ansno acid sequence at least 0%, 55%, 60%,
HS%, FOU, TS, RO%, 85%, 905, 01%, 924, 93%, Utn, 95%,, 900, 97%, 9R%,, 9%, or
100% rdentical to the amino acid sequence selzeted from the group consisting of SEQ 1D
NOS -9, wherein residues in parentheses are optional {Lo.: not considered b the percent
whentity requurement), wherem the polvpeptide s capable of (a) assenibling into a hamno-
polymer, and (h} binding to a constant region of an TeG antibody; optionally the polypeptides
as further himited in cnbodiment disclosed herein; and

{h Tie2 antibodies comprising an amino acid sequence at keast 50%%, 553%, 609%,
5%, TOU, T35, RO%, B8%, 90%4, 91%:, 02%, 93%,, 94%,, 058%, uel, 97%, OR% wo%, or

100% identical to the amino acid sequence of heavy anid lght chain pairs selected from the

(52
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group consisting of SEQ D NOS11-13; SEQ D NOS: 1314, and SEQ 1D NOS:15-16
andfor a fibrinogen-like domain devived from angiopoictin (F domain) fused to an Fe domam
optionally comprising the amino acid sequence selected from the group conststing of SEQ ID
NOS: 17-18 and 47.

In further embodinments, the disclosure provides kits comprising:

{3}  host cells capable of expressing a polypepude comprising an amino acid

sequence at least S0%, 55%, 60%, 63%, TO%, T8%, RO, 830, 90%, 91%, 92%, 93%, 94%,

G5, D6, 97%, 98%, H0%, or 100% identical 10 the wninoe acid sequence selected from the
groug conststing of SEQ 1D NOS1-9, wheresn restdues 1 parentheses are optionad (Les not
considered m the percent identity requirement), wherein the polypeptide is capabie of {a)
assembling into a howo-polynmer, and (b) binding fo a constant region of an lgG antibody,
optionally the polypeptides as further lunited tn embodiment disclosed herein; and
(b} hostcells capable of expressing Tie? antibodies amino avid sequence at feast
S0, 33%, 60%, 63%, TO%, 73%, B0%, 83%, 90%, 1%, 2%, 93%, 94%, 95%, 96%, 97¢
GR%, 999, or 100% identical to the aminoe acid sequence of heavy and Hght chain pairs
sclected from the group consisting of SEQ 1D NOS: 1112, SEQ HI NOS13-14; and SEQ 1D
NOS:15-16, andior a fibninogen-tike domain derived from angiopoietin (F domain) fused to
an Fo domain optionally comprising the amino soid sequence selocted fom the group
consisting of SEQ 1D NOS: 17-18 and 47,
in another aspect, the disclosure provides particles, comprising:
{a} a plurality of polypeptide polymers, wherein
(i} cach monomer in the -polymers compriscs an amine acid scquence at
loast 30%, §3%, 60%, 65%, 70%, 78%, 8, 83%, G0%, 91%, 92%, 93%, 94%, 93%, 96%,
O7%%, O8%,, 99%; ar 100% identical to the amino acid sequence of SEQ 1D NOT;
(i1 cach monomer in the polvmers comprises an amine acid sequence at
{east S0%6, S5%, 60%, 68%, TOM, 75%, 80%, 85%, 900, 91%, 92%, 93%, D4%, 95%, V6%,
Q6. 98, 99%, or 100% wentical to the amine aaid sequence of SEQ D NGO,
(it} cach monomer in the polymers compriscs an amine acid segucnec at
least SO%,, 8395, 60%, 65%,, T0%%, T8%, RO%,, 83%, 90%. 91%, 029, 93%, 94%,, 83%, 96%,
G7%, O8%%, 9%, or 10000 identical to the arnme acid sequence of SEQ 1D NO3;
(v} cach monomer in the polvmers comprises an amine acid sequence at
loast SO%o, 55%, 6%, 653%6, TO%, T58%, B0%s, 83%, 9056, 9159, U2%, 9394, 84%, 95%, 96%,

7%, 98%, 99%, or 100% identical to the aming acid sequence of SEQ 1D N4,
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{v} each mounomer 1n the polvmers conprises an amino acid sequence at
Teast 50%0, 35%, 6%, 63%, T0%, T3%, 8O, 83%, D%, 0%, 9%, 939, 94%;, 95%, V6%,

7%, 98, 99%, or 100% identical to the anuno acid sequence of SEQ D N3,

{vi)  cach monomer in the polymers comprises an aniinoe acid sequence at
feast 509, S5%, 60%, 65%, 70%, 75%, s0%, 8500, 90%, G1%, 92%, 936, 94%, 95%, 96%s,
97%, 98%, 99%, or 1% wdentical fo the amine acid sequence of SEQ 1D NO:6&:

(vii} cach monomer in the polymers comprises an amino acid sequence at
least 50%%, 35%, 60% I, {‘rfwu ?{}fﬁ"i\m, 7RG s, RO, 85% 2, D% G, 91 Yo, 92‘.’9 939 G Q4%%, 95%, 96% i,
7%, &%, 999%, or 160% identical {0 the anuno acid sequence of SEQ ID RG:7T;

(viit} oach monmmer in the polvimers comprises an anmino acid sequence at

S0, 919, V2%, D3%, D494, V5%, D6,

Teast S0%, $5%, 60%, 63%, T0%. T5%, §0%, 83%.

97%, 8%, 99%, or 1% identicad to the anuno acid scquence of SEQ IINOE; or
(ix}  cach monomer in the polymers comprises an amino acd sequence at
least 5{}‘}‘3% 53%, 60%, 65%, T, 73%, 80T, 85%%, S0%, 91%, 92%, 93%, 4%, B5%%, WOl

G7%, 98%, 99%, or 100% identical 1o the amino acid sequence of SEQ 1D NOW; wherein

residues in parentheses are optional (e not considered n the pereent identily requirementy;
annd

(b} aplorshity of - TNFRSF (tumor necrosis factor receptor superfamily)
antthodies comprising Fo domains;
wherein
{3} ach a~-TNFRSF antibody in the phaality of antibodies comprises a
first Fo domain and a second Fo domain;
(1} ecach g-TNFRSF anuibody in the phuality of antibodies i3 (A) non-
covalently bound via the first Fo domain 1o one pelypeptide monomuer chain of a first
polymer, and {8} non-covalently bownd via the secomd Fo domain to one polypeptide
monomer of a sccond polymer; and
(i}  each polypeptide monomer chain of each polvmer 1s non-covalenty
bound to one Fo doronin:
wherem the particle comprises dibedral, tetrahedral, octahedral, or icosahedral
SVImmetry.
In one embodiment, the - TNFRSF antibody fargets one or more of DRSTRATL-
R2AANFRSFIOBACD6Z, CD46 4-18B, and TWEAKR (Tumor Necrosis Factor-like Wenk

Inducer of Apoptosts Receptor ¥ TNEFRSFIZA/CD06, In another embodiment, the o
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TNFRSF antthodies comprise an anuno acid sequence at least 30%, 55%,, 60%%, 65%, 70%,
T, RO%, R3%G, 90%, B1%, 2%, 93%, 94%, 95%, 96%, 97%, 8%, 99%, or 100%, identical
to the amino acid sequence of heavy and lght chatn pairs fwhon both heavy and hight chain
are needed) selecied from the group counsisting oft
SECQ ID NG 19 and 20,
SECQHIDNO: 21 and 22;
SEQHIYNO: 23 and 24;
SEQ Y NO: 25 and 26;
SEQ D NO 27 and 28;
i SEQ D NO: 29;
SEQ 1D NO: 35
SEQ IDNO: 31 and 32;
SEQ ID NG: 33;

Lo

SEQ D NO: 34 and 35,
18 SEQ IR NO: 36 and 37;

SEQ D NG 38 and 39,
SEQ D NO: 40 and 41,
SEQ ) NOA2 and 43;
SECHID NO: 44 and 45,
26 SECGID NO: 44 and 46,
SECH D NOY: 48 and 49
SEQ D NO: 30 .and 51,
SEQ D NO: 52 and 33
SEQ ID NO: 54 and 55;

25 SEQ ID NO: 56;
Lob 7/6 heavy and hght chaing as disclosed in pubbished US patent application US
USIONU0074711; and
Heavy and hght chain pairs disclosed in 2018094304,
The disclosure glso provides methpods for using such particles to weat tumors.
36 in another embodiment, the discloswre provides kits comprising:

(a) one or more polypeptide comprising an amime acid scqaence at feast 0%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,, 9%, 958%, 9o, 97%, 8%,
99%, or 100% identical to the aming acid sequence selected from the group consisting of
SEQ 1D NOS: 1-9, wherein residues in patentheses are optional (Le.: not considered in the

H
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percent wentity requirement), wherein the polypeptide is capable of (a) assembling into a
homo-polvmer, and (b) binding to a constant region of an IeG antibody; optionally the
polvpeptides as farther limuted in enmbodiment herein; and
{b) o TNFRSF antibodics comprising an anttbody selected from the group
3 comsisting off Lob 7/, Lucatwmumab, Dacetuzumab, Sclicrelumab, Blesclumab, Urchumab,
Utonulmab, Drozstumab, s¢ TRAIL-Fe, KMTR2, 10E2, and Conastwnumab (also reforred to
as AMG 653); optionally as further hmited herein,
In another eombodiment, the disclosure provides kits comprising:
{1}  hostcells capable of expressing one o more palypeptide comprising an aming
WY acid sequence at least 50%, 35%, 609, 653%, T0%, 75%,, 8006, B8, BU%, 91%, 9%, 93%,
D, Q% DE%, 979, 8%, 99%, or 100% wdentical to the amine acid sequence selected
from the group consisting of SEQ I NOS: 1-9, wherein residues in parentheses are optional
{1.e.2 not considered in the percent identity requirenient), wherein the polypeptide 1s capable

of (a) assembling into a homo-polymer, and (b} binding fo a constant region of an IgG

15 antibody: optionally the polypeptides as further mited in any conbodiment herein; and
{h)  hostcells capable of expressing - INFRSF antibodies comprising an antibody
selocted from the group consisting oft Lob 7%, Lucatwowmab, Dacetizuaiab, Sclicrclumab,
Bleselumab, Urelomab, Utonulumab, Drozitmmab, se TRAIL-Fe, KMTR2, 16E2, and
Conatumaumab {also reforred to as AMG 6335 optionally as further lmited horein.
20
Deseription of the Figures
Figure 1{A-F). Antibodv nanocage {AbC) design. A, Polvhodral geometry iz
speeified. B, An anttbady Fe model from bIpG1 s aligned to one of the C2 axes {in this case,
35 a D2 dihedron is-shown). €, Anpbody Fe-binders are fused 0 helical repeat proteins that are

then fused to the monomeric subunyt of helical cvelic oligomers. All combinations of building

blocks and building block junctions are sampled {below nset), B-E, Tripastite fusions that

successiully place the cyelic oligonner axis in the ovientafion required for the desired

polyhedral geometry (D) move forward for sidechain redesign (E). F, Designed AbU-forming
30 oligomers are bacterially expressed, purified, and assembled with antibody Fo or 10,

Figure 2A-F), Structural charvacterization of AbCs. A, Design models, with
antibody Fe and designed AbC-forming oligomers. B, Overlay of SEC traces of assembly
formed by ouxing desten and Fo with those of the single components. €, BM mages with 2D

averages in inset; all data s frown nogative-stain EM with the exception of designs od2.1 and

i
;
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i82.3 {ervo-EM). DLE, SEC (1) and NS-EM representative micrographs with 21 class
averages {E) of the same designed antibody cages assembled with full human IgGl (with the

2 Fab regions intact).

Figure 3. 3D reconstructions of AbUs formed with Fe. Computationa] design

Lo

models (cavtoon representation) of cach AbC are fit into the experimentatty-deternined 3D
density from EM. Each nanocage is viewed along an unoccopied svmnetry axis {Jeft), and
after rotation to look down one of the U2 axes of symunetry occupied by the Fe {right). 3D
reconstructions from 0421 and 152.3 are from oryo-EM analysis; all others, from NS-EM.
Figure 4(A-K}. AbCs activate apoptosis and angiogenesis signaling pathways. (A
6 and B) Caspase-3/7 is activated v ABCs formed with o~-DR3S antibody (A}, but not the free
antibody, i RCCS renal cancercells (B}, {C and DY o< DRSS AbCs (O}, but not Fe AbC
controls (B}, reduce cell viability 4 days after treatment. {E} ~-DRS AbUs reduce viahibity 6
days after treatmeot, (F and G 0421 a-DRS AbCs enhance PARP cleavage, a marker of

apoptotic signating: (G) is a quantfication of {F) relative to PBS control. (H) The F-domain

e
L

front angiopotetin-1 was fused to Fo {ATF-Fo) and assembled fnto octahedral (042.1) and
icosaledral (152.3) AbCs, (1} Reproserganve Western blots show that ATF-Fo AbUs, but not
controds, iercase pAKT and pERK /2 signals. () Quantification of (1) pAKT guantification
is normalized to o42.1 ATF-Fe signaling (oo pAKT signal in the PBS control), pERK 2 15
normalized o PBS. {K) AlF-Fo AbCs Incroasg vascular stability after 72 howrs. (Left)

26 Quantification of vascular stability compared with PBS. (Right) Representative images; scale
bars, 100 mm. Al arvor bars represent means = SEM; means were compared using analysis
of variance and Dunnett post-hoc tests (tables 1 and 12}, *P 2 005, #*#P 2 0.0, #¥¥P <
QOO 3P < 0.0001,

Figure 3{A-E}, a-CD48 AbCs activate UD40 signaling over uncaged IgGs.

o]
Lo

A-Ix, Octabedral AbUs produced with a-CD40 (A form AbUs of the expocted size and shape
socording to SEC (B}, DLS (C), and NS-EM (D). E, CD40 pathways are activated by

LOBT/6 @-CD40 octahedral nanceages but not by free LOB7/6. Scale bars represent means «

&

“F

S, p=3; EC30s reported in Table 7.
Figure 6{A-C). Designed Fe-binding designed helical repeat. A, Model of the

38 helical repeat protein DHR7Y docked against anttbody Fo (PDB 1D LDEE). Residues from

protein A {PDB 1D; 1LAX) are graficd at the inferface between the Fe and the helical repeat

protei. By SEC trace of the Fe-hinding helical repeat monomer. €, Biolayer interferometey
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{BLI} of the Fe-binding helical repeat desigi with Fe (lefty or with hlgG1 (vight), with
sununary statistics (below).

Figure 7(A-F). Additional «-DRS AbC experiments, A, «-DRS AbTs and TRAIL
activate caspase-3,7 m Colo03 colorectyl cancer cell lines. B-€, AbUs formed with Fo from
hIgGl do not activate caspase-3,7 {BY or reduce viabidity (C) in RCC4 cells, B, g-DRS Abs
do not greatly activate caspase~3.7 after 2 4 (DY or reduce viabihty (K} in g primary tubular
kidney cell ling (RAMOON). F, Cleaved PARP is activited by o-DRS 1n RCCH cells, but not
by TRAIL, a-DRS, or Fe Ab{x.

Figure 8(A-E}. Additional A1F-Fo AbC experiments. A-B, o421 and 1523 AbCs
formed with A1F-Fe are monodisperse and of the expeceted size per SEC o a Superose 6
colurmn (A} and DLS (BY. SEC shows the assembly trace in black, the relevant AbC design
component i ght grev, and the ATE-Foin dark grey. €, A control assembly displaying &
ALF ligands ("HS-ATFT) produced simttar levels of pAKT and pERK 12 activation to ALF-
Fo AbUs along with a comparable increase w vascudar stability; data for all other conditions
besides HE-ALF are reploted for convemence from Fig. 4i-k. D, Represemtative images of
od2.1, 1533 AbCs, and H8-AF formed with Fe in the vascular stability assays: scale barvs are
100 wn E, 042 1 ATR-Fo AbCs were menbated with 100%, human seram (HS) for 24 hours
at 4°C ar 37 °C and spplied to HUVEC cells at 130 8L pAKT signal showed no decrease
fromn o421 ATF-Fr particles incubated with serum. Statistical analyses are reported in Table
12,
Detailed Description

Al reforences cited are herein incorporated by reference in their entirety. Within this
application, unless otherwise stated, the techniques utilized may be found i any of several
wel-known references such as; Moleaudar Cloning: A Laboratory Manaal (Sambwook, et al.,
1989, Cold Spring Harbor Laboratory Press), Gene Expression Techoology (Methods in
Enzymology, Vol. 185 edited by D. Goeddel, 1991, Acadenuc Press, San Diego, CA),
“Crude to Protein Parification” in Methads in Enzymology (M.P. Deutshieer, ed., (1990}
Academic Press, Ine ), PCR Protocols: A Guide to Methods and Applications (Innis, et al.
199G, Acadentic Press, San Diego, CA), Culture of Animal Cells: A Manaal of Basic
Technique, 2od Ed {R.L Freshoey, 1987, Lisg, Inc. New York, NY'), Gene Transfer and
Expression Protocels, pp. 109-128 ed. EJ. Murray, The Humana Press Inc,, Clifton, N1},

and the Ambion 1998 Catalog {Ambion, Austia, TX).
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As used heretn, the singolar forms "2, "an” and "the” include ploral referents undess
the context clearly dictates otherwise.

Asased heretn, the antno acid residues sre abbreoviated as follows: alanine (Al AY,
aspsragine (Asn; N), aspartic acid (Asp; Dy, arginine (Arg; R), cysteine (Cys; T, glotanue
acid (Gla; B), ghatamine (Gln; Q). glveive ¢Gly; G, lustidine (His, Hy, isoleacine (He; 13,
teucing (Lew LY, bysine {Lys: K, methionine (Met; M), phenvialanine {(Phe; F), proline (Pro;
Py, serine {Ser; S}, threonine {Thr; T), wyptophan {Trp; W, tyrosme (Tyn ), and valine
{Val: V).

In all embodiments of polvpeptides disclosed herein, any N-terminal methiomine
restdues are optional (e the N-terminal methionne residue may be present or may be
absent).

All embodiments of any aspect of the disclosure can be used 1 comnbination, wnless
the context clemrly dictales otherwise.

Unless the context clearty requires otherwise; throughout the description and the
claims, the words “comprise’, "comprising’, and the like are o be construed m an inclusive
sense as opposed 1o an exclusive or sxhaustive sense; that 15 fo say, in the sense of
“including, but not Hmited 0", Words asing the singolar or plaral namber alse include the
plural and singalar mumber, respectively. Additionally, the words “herein,” “above,” and
“helow and words of sinvlar import, when used in tdus appheation, shall refer to this
apphication as a whole and not to any particalar portions of the application.

Inn-a first aspect, the disclosare provides particles, compuising:

{a)  aplurality of polypeptide polymers, whereln

(i} cach monomer 1n the polvmers cumprises an amine acid sequence at
least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 9 2%, 93%, 94%, 95%. 96%,

97%, 8%, 99%, or 100% wentical to the anmino acid sequence of SEQ 1D NO:

(i} cach monomer in the polyroers comprises an anune acid sequence at
feast S0%, 589, 60%, 65%, 700, 75%, 80%, 8300, D0%, B1%, 92%, 9346, 94%, 95%, Do's,
D7%, OR%, 9%, or 10 identical to the amino acid sequence of SEQ 1D NO:2:

(i)  cach monomer in the polymers comprises an aminoe acid sequence at

75%»5 8’0*}{1, 3\:‘“’ “}{l,n G Y, ”)2‘.’9 “H,n (}'—iﬂu R5% ‘*}f),u

loast S0%, 53% 650%, 65%, T0%.

Qo F8Y, 99%, or 100% identical to the amino acid sequence of SEQ 1D NO:3;
{1v3  gach monomer in the polymers comnprises an anuno acid sequenee at
least 3094, 35%, 60%, 65%, TO%, 75%, 8U%, 85%, B0, D19, G295, 0349, 949, G55, Dete,
%%, 98%%, 99%, or 100% identical to the amine acid sequence of SEQ 1D NO:wd;

10
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{v} each mounomer 1n the polvmers conprises an amino acid sequence at
Teast 50%, 353%, 6%, 63%, T0%, T3%, RO, 83%, 0%, 1%, B2%,, 939, 94%;, 95%, V6%,
7%, 98, 99%, or 100% identical to the anuno acid sequence of SEQ D N3,

{vi)  cach monomer in the polymers comprises an aniinoe acid sequence at

3 least S0%, 55%, 60%, 65%, T0%, 75%, B0%, 853%, Q0% 91%%, 92%, 93%, 04%, 95%. 96%,
97%, 98%, 99%, or 1% wdentical fo the amine acid sequence of SEQ 1D NO:6&:

(vii} cach monomer in the polymers comprises an amino acid sequence at

lenst 30%, 353%, 60%, 63%, TO%, 7%, RO%, 85%, 90%, 9194, 02%, 939, 94%,, 95%, 96%,
7%, &%, 999%, or 160% identical {0 the anuno acid sequence of SEQ ID RG:7T;

HY (viit} oach monmmer in the polvimers comprises an anmino acid sequence at

feast S0%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, D0%, 91%,, 93%, 93%, 94%, 5%, 6%,

97%, 8%, 99%, or 1% identicad to the anuno acid scquence of SEQ IINOE; or
(ix}  cach monomer in the polymers comprises an amino acd sequence at
least 5{}‘}'};: 83%%, 0%, 65%, TOU, 73%, 80%, 83%%, 90%, 91%, 9%, 93%, 94%, 939, 900,
1§ O7%, 9%, 99%, or 100% identical to the amino acid sequence of SEQ 1D NG,
whercin residuces in parentheses are optional (Les not considered in the pereent
wlontity sequirement); and
{b)  aplurality of (1} Tie2 receptor antibodies comprising Fo domams, andfor (i1}
dimers of fibrinogen-like domain dertved from angtopoietin {F domain) fased 1o an Fe
20 domain;
wherein
{1} cach Tie2 antibody or dimer comprises a first Fe domain and a second
Fo domain;

(1) each Tie2 antibody or dimer in the plurality 1s {A) non-convalently

25 bound via the first Fo domain to ong polypeptide monomer chain of 3 first polymer, and (B)
non-covalently bound via the second Fo domain to one polypeptide monomer of a second
polymer; and

(1) cach polypeptide monwmer chain of cach podvmer is noo-covalently
hound 1o oue Fo domain;

36 wherein the particle compnises dibedral, totrabedral, octahedinl. or icosahedral

SVOHDCHY.

As shown in the examples that follow, the particles and compositions of the disclosure
Tie? recepior antibodies comprising Fe domains, and/or dimers of fibrinogen-~hike domain
derived from angiopoietin (F domain) fused to an Fo domain sigmificantly mercased AKT and
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ERK /2 phosphorylation above baschine and enhanced cell migration and vascular stabibity,
and thus are usefud for wreating pathological svimptoms that anse from bacterial and viral
mfections. For example, the alulity to induce phosphorvlation of AKT and ERK, can serve to
enhance cell migration and tube formation, prove, wound healing afier inpury, and thus are
useful in treating infections (such as bacterial and viral infections), as well as conditions
characterized by diseascs or syndromes resulting from vascular dvstunction, including but not
Linnited to sepsis, acute respiratory distress syndrome (ARDS), ncute long injory, acute kiduey
jury, wet-age related maculor degeneration, open angle glaucoma, diabetic retinopathy, and
diabetic nophvopathy.

The monomers i the plurality of polypeptide polymers comprise an amine acid
sequence at feast S0%, 58%, 60%, 65%, 70%%, 75%, 80%, 85%,, 90%, 91%, 92%, 93%, 94%,
D5%, 6%, 97%, 985, 09%, or 100% identical to the anuno acid sequence sclected from the
group consisting of SEQ 1D NOS -9, wheretn residues in parentheses are optional (e not
consklored in the percent identity reqpairement’, wherets the polypeptide 1s capable of ()
assembling into a polymer, including but not hinuted to a homo~polymer, and (b) binding 1o a

constant rogion of an (G antibody.

AIELVEIVVENARBRKGUDDREASEAALAAFRIVLAAAQIAGIASLEVIELAL
BRLIREVVERADREGYDIAVAAI AARVAFAVVAVAAAMADITSSEVLELAIRLIKE
EVVENAQREGYVILLAALAAAAAEVVVAAAAKRAGITSSETLKRAIEEIRKRVEEA

AEKTGDPRVRELAREVVKAAVDVAEAAQ
KALRLAKEALKEGDSTAARTAARTARLAAKLAGDEDVLEKVKL
JRIVVENAKRKGDDSKEAAEAAVAAFLIVLAAAKLAGIASEEVLELAA
CRLIREVVENAQREGYDIAVAATAAAVAFAVVAVAAAAADTITSSEVLELATIRLIKE
EVVENAQREE:‘;VILLAALAAAAAFVVV'AAAAKRAGITSSETLKRAIEEIRKRVEEA
QREGNDISEAARQAAEEFRKKAEELK (

\ LAVRAL ?AEB“<DPHAREL ‘”PLAVE ARAVA
NSELAE”VALHPQVALEVLBAA TAAKQGDRKAFRAALELVLEVI
: KVAEVALKAELIRIVVONAANKGDDADEAVEAARAAFEIVLA
EAAQLAGIDSEEVLELAARLIKEVVENAQREGYDIAVAAIAAAVAFAVVAVAAAAA
DI TSSEVLELATRLIKEVVENAVREGYVILLAALAARAAFVVVAAAAKRAGITSS

'LITNMPNLNEAQRNGE Al
EAVPLALZLV&EAAQVAPKTquELLIAAPKLALEVP«VAL’VCQ
ARALELVOQELIRAARKTGSKEVLEEAAKLALEVALVAAAVGSSEAAA
KAVRTAVSRLKEAGASEDEIAEIVARVISEVIRILKENGSEYKVICVSVAKIVAE
CIVEALERSGYTSEDEIAEIVARVISEVIRTLKESGSDYLIICVCVAIIVAEIVEAL
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YEVLEEAPKLALLVAKVAAEVG%PE”RA
;EAV&TAVERLKEAGASEDEIAEIVARVISEVIRILKESGSEYKVICRAVARIVAE
CIVEALKRSETSEDEIAEIVARVISEVIRTLKESGSDYLIICVCVAIIVAEIVEAL
HREGTSEDRIARIVARVISEVIRTLKESGSSYEVIKECVQIIVLATILALMKSGT

EAAKEAAELT \TTFAP“"I..LIEAAVDTVB LEE
IVRAAGGDSEAIRVAAEIARTIITQKESGSEYKEICR
:TVRRIVEEIVEKLKRNGASEDEIAEIVAAIIAAVILTLKLSGSDYLIICVCVAII
VAR IVEALERSGTSEDEIAEIVARVISAVIRVLKESGSSYEVIKECVQIIVLIATII
LRLMESGTEVEEILLILLRVKTEVRRTLKES(

EARRIAELVEKLKRDGTSAVEIAKIVAAIISAVIAMLKASGSSYEVICECVARIVA
EEIVEALKRSGTSAAIIALIVALVISEVIRTLKESGSSFEVILECVIRIVLEIIEA

FYLVLH

QPEDPQEAVRLFVEAAETV?

EDP*”*DVNEALKLIVEAA jﬁVRnLAHAERnuDP”
IRNE ANLLLKAIVALARALAAAANGDKEK AARSALEIAKRVVEVA
EDPEAVLEAAKVALFVAELAAYN GDKEVIKKAAESALEVAKRLVEVASKEGDPELV
EUEA JALRVAELAAKNGDKEVFQKAAASAVEVALRLTEVASKEGDSELETEAAK
““m;mELASKQ(DAnVAILAETAEVKLEIEESKKRPQSESAKNLILIMQLLINQ

VT

i52.3

HAVRAL“PAERﬁ<DPVVRE- \E*”P&AVEAAE?VO
BRKLKAIVVEIEVKVASLEAKEVTDPDKALKIAKKVIELALEAVKEN
VRLDASEVAKRVIDPDKALKIAKLVIELALEAVKEDESTDALRA

D ALKIAKLVLELAAFAVKEDPSTDALRAAKEAERLA
AQE EPLVLKLQMEAILAETEEVKKEIEESKKRPQSESAKNLI
ELIHQLLINQIRLLALQIRMLALQLQE(“TE%HHEBH)

93

As detmled in the examples that follow, the monomers comprise 3 domains {a

reflected in the cohuons of Table 1)

{1y An{Fo) binding domain;

{2} A helical polypeptide (monomaer} that helps position the Fo-binder domain and
oligomer domain af the correct orientation to promete higher order structures {sometimes
referred to as cages, or nanoparticles); and

{31 An oligomer domain that can associate via non-covalent interactions to form
polymers {(ncluding but not invted to homao-polymers), such as dinters, tmmers, tetramers, ot
pentamers {C2, C3, C4, or €5 cyclic symmetry, respectively).

In some cmbodiments, the oligomer domain can self-assocuite via non-covalent
mtergetions to form 3 homo-polymer with an identical polypeptide. In another embodiment,

the ohligomer domain can assoctate via non-covalent interactions to form a pseudo-polymer

s
L
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with similar polypeptide that has some amino aoid sequence differences, so long as each
mopomer bas the required amino acid sequence wdentity to the reference polypeptide.

The polypeptide monomers fuse these domains at an orientation that when in
oligomeric form and combined with 1g(G, forms the desived higher order structures as detatled

horein,

Lo

Each polypeptide monomer has two intorfaces: {1} A Fo-binding interface {defined for
cach polypeptide tn Table 3}, and {2) An oligomerization domain interface (defined for cach
polypeptide in Table 2). The polypeptides of the disclosure, when expressed, will forna
eyelic ohgomer with C2, C3, C4, or O3 symmetry via the oligomenization domain. When

10 combined with antibody or dimer, a fugher order, cage-like, polvhedral structure
spontaneously assembles via interaction of the antibodics with Fe binding interfaces. The
resulting higher order structures have C2 eyclic symmetry at the Fo position and eyclic 2, 3,
4, or S-svommetry at each oligomenization domaim interface. The resulting particles form
precisely ordered and structurally hmogeneous antibody-bound nanoparticle structures.

18 As used herein, 8 Tie-2 antibody "antibody” includes reference to full length and any
functional antibody fragmenis (Lo that selectively bind 1o the Tie 2 recopton) including the
Fe domain. In some cobodiments, the antibody snchsdes heavy and Hght chains. In othey
cmbodiments, the antibody may comprise a fusion protein comprising 3 protein that
sefectively hind to the Tie 2 veceptor and an Fo domain, that dimerizes since the Fe domans

20 nanually dimerizes. In other embodiments, the antibody may comprise an Fe fragment
chemically modified to a protein that selectively ind fo the Tie 2 receptor, which dimerizes
stnee the Fe domains wangally dimerizes.

The Tie-2 dimers include two monomers of the fibrinogen-like domain derived from

angropotetin {F doman} fased to an Fe domam, The two monomers dimerize since the Fo

fod
]

domain naturally dimenizes. The F domain amine acid sequence present in each monomer
comprises or comaists of the annno acid sequence of SEQ 1D NO: 1
KARLASEKPFRDCADVYGAGFNKSGT YTI Y INNMPE PRKVECNMDVNGGEWT VI QHREDGSLDFOROWKE YRMGE
GRPSCEYRLENEFIFATTSOROYMLA T ELMDWEGNRAY SOYDRFHI GNERONYRLYLKGHTGTAGKOS SLITHGR
DFSTRDADNUNCMOKCALML TOGRH FDACE PANLNGHT Y TAGONRGKLNG IKWR Y FRGPS YSTRSTTMMIRPLDR
30 {SRO OID NO:IOY.

When combined with Tie2 antibodics or the dimers, a lagher order, cage-hke,
polvhedral struchure spontancousty asscimbies via intoraction of the antthodies or dimers with
Fe binding mterfacns. The resulting hugher order structiwes have ovelic syanuetry at each Fe-

binding interface and each oligomerization dovanin interface. For example, the Tie? antibody

14
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heavy and light chians can be co~expressed in cells to produce the TieZ antibody, which can
then be nuxed with the polymers to form the partictes of the discloswre. Alternatively, the
Tie2-binding domain fused to an Fo domain can be expressed in cells, which associate ©
form the dimer, which can then be maixed with the polymers to form the particles of the
3 disclosure
I one embodiment, amino acid vesidues that would be present at a polymeric
interface {as defined in Table 2} in a polvimer of the polvpeptide monomer of any one of SEQ
1D NOS:1-9 are conserved (1o idontical to the anuno acid residue at the sanwe position in the
reference polypeptide).

at. wligomeric interface ({(i.e., not the Fc/Fo-

266,
328,

~

in another embodiment, aminoe actd residuss n the monomers present at a Fo binding
15 interface as defined in Tabde 3 are conserved.
Table 3

Jre bender used i |
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44,45, 46, 48, 49. 50, 52,

3,46, 78 10,11, 14,2

I a further embodiment, anyno acid substitutions relative to the reforence monomer
aming acid seguence comprise, consist essenttally of, or consist of substitutions at polar
residues m the reference polypeptide. In other embodiments, polar residues on the swiace of
the polypeptide monomer that are nol at the Fo or olipomeric interfaces may be subsistuied
with other polar residues while maintaining folding and assembly properties of the designs.

As used herein, “polar” restdaes ave O, DL E H K N QR S, T and Y. “Nog-polar”
residuos o dofined as A, G L L M B B, W, and V.

In one embodiment, anino acid substitations relative to the reference monomer anuno
acid sequence comprise, consist essentiatly of) or consist of substitutions at polar residues at

non-Gly/Pro residues in loop positions, as defined in Table 4, in the reference polypeptide

monomer.
Table 4 icted secondary structure for all listed designs, using pyrosetta’s
display secstruct () function. L = Loop, B = Helix

iName iSequence ;
LILHEEHHHHHEEHAHAHEEERAHEEANAL LHEHEHAHH AN HA HERREAHAEE L LLHEEAHAHH B HEHHHERREH
! {HHHHHHALLHEHHAHHBHHEHAHHHEHEAHHHELLHHRHHHHAHBEEAEHHBEEHE LLHBEHEAHA EHHHAHHERALL
‘az {HHHEHHAHHAHERHEAHHERHEHEAENHLLLHEHHHAHHEHAHAAEERHAHALL UL L HHEEHHHAE BEHHHAEEEHAH

%PTJ,HFHHHHHHFHHHHHHFHHHHHHLLT.THHHHHHHHHHHHHHHFHHHHHTJ,T.HHHHHFHHHHHHPHHHHHHFHHTL
LLLLLLLLLLLL

: ; LHHHHHHHHAHBHHHHAHEE

%dZ 4 %QEQPHHHL}.’WJPHHH'%.ULTPHHH'%.UQPHHT LLHBHHHHHHBHHHHHEBHHHAHL LLLLHHEEHHHAHEEHHHHHERHHEH

%(SEQ ib LLLBEHHHHHBEHHHHHEERHHEEELL LT HHEHEHHHE BHHAEHERHHHHLL L HHHHEEEHHHHHEEHEAHEERHLL
NC:2) LLHBHHHHHHBHHHHHHEEEHHBL L DHHHAHEHEAHEEBHEAEEEL LD LLLLLLL LT
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LLAHEHAHHEERAHAHAERHRHHAEARH L LEHRAAHHE R HEEHHAAHAEL LU LHBHRAAHHREHAHAHBEREY

HHHEHHHLLHEHHHAHHEHHAAHHEHHHAHHEHHHAHHEALLAHHEHHHAHH EHHHAHHEHHHAHBEH L LLHHEHHA
2.7 HHHERHHHAAEEAHANHEL LEHAAEHHAANHEHEHAEHEHHAAALL LEHHHHEHHHI A HEHAHAHEERLLLLLEHHH
{3EQ ID HHI

LLLLLLEL

HLLRHAHHHAR A HHERRHT, L LT A AH HH ERE A S HERR AHH HELL LT SHERH AHH HERH A S HERHAHT, LT LEA
HHEEHAHHAREHHHANEELLLLAEHEHHHHEHHAHHEEEHHANEL LLIHAHERHHHHERHAHHAEEANLLLLERAEH
HAHEAHRHEERAAH T

g

%(aka %4 1HBEHHLLHHEEHHHHHEEHHHEHERHHALLEHHHHHEEHHEH B EEHHAHHHEHEH L LERHHHHEERBHHAEERHEH

§t.4711) 'HELIHEHAHHHERAAAHEERHNLLLLEHHAHAHRANHHEEHAAAHEELL L LS AR A HB AR HREHATALLLLHA
[(SEQ ID HHHEHHHHHHEHHHAHHEHLLLLHEHHHHHEEHHHHHEEHRHRHEL L LA HHEHEHH R EH A E HEHA LLL LB HAH

HERHHHHHEREHHA Lk HE BHHHHHHBHHHH LLLLLLLLET

LLEEHHHEHEENHH LI L L LA AR B AL B BN HE O A BRI A BB HHEERHL L LR HHHH A EEHAH
§H4PHFH44LLtLH444PHFHHH4PHHH444PHHHLLTaﬂﬂﬁqaapﬂﬁﬁqaqbﬁﬂﬁq HILLLHOHERHHAHARBAHA

: ; {HAAHAEEHHARAEHAALLEEHAAAREEHAAAHEEBAAARAELL L LHEEHAAAHEEBAAAHEHERAA
;HHHHHHerHHHHHHHHHHHHHHHFHHH% HIHLLLLHHEHRHH RN LSRR HREHAR

: HHA
ﬁqqﬁhPHTTqﬁkPH44qﬁhPHH4qﬁHHH44LLHHH44qﬁHHH44HPHHH44qﬁkHHqLLPkHHﬂﬂnthHﬂﬂnthHq
'HALLHHAHHHREHAHEHEEHRAT LLLANAABHERAHHHERAHABER L LT I HEEH A B HEARHH A ERARAA L LT, LA

HEHHHHAHHHARHAHEHEELLLLAEHEHHBHEHEAHBEFHHAHEET LT HHAHBHEAHB BHHEAHHERHHLL L LEHHA
HEHHEHHAHHHERHAHEALLT L ANHEAHHHEHEHAHHEAEHAAATLLILLLLLLLLT

In a further embodiment of any of these embodiments, amino acid changes from the
eference polypeptide monomer are conservative amine acid substitutions. As used here,
“eonservative amine acid substitation” means that:

o hydrophobic anuino acids {Aln, Cys, Gly, Pro, Met, Sce, Sme, Val, He, Lew)
can only be substituted with other hydrophobic amine acids;

o hydrophobic amine acids with balky side chains (Phe, Tyr, Trp) can ondy be
substituted with other hydrophabic amine acids with balky side chams;

o aming acids with positively charged side chaims {Arg, His, Lys) can Qniy be
substituted with other amine acids with positively charged side chains;

o ammo acids with negatively charged side chaing {Asp, Ghe) can only be

sabstitated with other ammo acids with negatively charged side chaing; and

3

amino acids with polar ancharged side chaing (Ser, The, Asn, Gind can only be

o)

substituted with other amvino acids with polar encharged side chains.

]
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In all embodunents disclosed herein, the polvpeptides roay comprise one or more
addittonal functional groups or residues as deemed appropriate for an intended use. The
polvpeptides of the disclosure may include additional restdugs at the Ntermunas or C-
terminus, or a combination thereof] these additional residues are not included in determining
the pereent identity of the polypeptides of the fnvention refative to the reference polypeptide.
Such residucs may be any residues suttable for an intended use, including but not limited to
detectable proteins or fragmoents thereof (also referred to as “tags™). As used herein, “tags™
include general detectable moteties {1.c.; fluorcscent proteins, antibody epitope tags, otc ),

thorapeutic agents, purification tags (His tags, o), nkers, lgands suitable for purposes of
parification, higands to drive localization of the polypeptide, peptide domains that add
functionality to the polypeptides. In non-limiting embodiments, such functional groups may
comprise one or more polypeptide antigens, polypeptide therapeutics, enzymes, detectable
domains (ex: flaorescent proteins or fragments thereofh, DNA binding proteing, transcription
factors, etc.  In one embodiment, the polvpeptides may further comprise a functional
polypeptide covalently linked to the apuno-terminus andfor the carboxy~-ternunus. In other
embodiments, the functional polypeptide may inclade, bt is not Hmuled to, 3 detectable
polypeptide such as a fluorescont or laminescent polypeptide, recoptor binding domains, etc.
in one embodiment, the phurality of homo-polymers comypises homo-dimers of the
polypeptide comprising an amino acid sequence at feast 30%,;, 38%, 60%, 65%,, 70%, 75%,

B0, 88%, B0%, V156, 92%, 93%, 9495, 9556, D6, V7%, 9850, 99%, or HKBS wentical 1o the

anune aoid sequencs seferted from the group conststing of SEQ ID NOS:1-3. In these
embodiments, adding the recited polypeptides with TieZ antibodies or dimers resulis in
spontancous assembly o a D2 dibhedral structure containing two antibodics per particle.

In another embodinient, the plurslity of homo-polymers comprises homo-trimers of
the polypeptide comprising an mnine ackd sequence at least 30%, 558%, 60%, 65%, 70%,
TE%%, RO, 83%, 90%, Q1% 92%, 939%, 94%, 93%, 96%, 7%, 98%, 999%, or 100 identical
o the amine acid sequence selected from the group consisting of SEQ 1D NOS:4-6. In these
embodiments, adding the recited polypeptides with TieZ antibodies or dimoers resalts in
spontaneous asserably into a T32 tetrahedral structure contining six antibodies per particle.

I a further embodiment, the pluradity of homo-polymers comprises homo-tetraniers
of the polypeptide comprising an amino acid sequence at feast 50%, 35%, 60%, 68%, T4,

Vo, 80%, BE%, 00%, D%, 92%%, 03%, 3%, 95%, 96%, 9T%, 98%%, 99%, or 100% wdentcal

fos the amino acid sequence of SEQ D NGRT. In these embodiments, adding the recited
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polypeptides with Tie2 antibodies or dimers resuls it sponancous assenibly o an (042
octahedral stractore contatning twelve antibodies per particle.
In a still further embodiment, the phashty of homo~-polvmers comprises homo-

pentamers of the polypeptide comprising an amunn acid scquence at least 3%, §3%, 6%,

5 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%%, 9%, 5%, D&%, 97%, 8%, 99%, or
100% identical to the anuno acid sequence selected from the group consisting of SEQ ID
NOS:3-9. In these embodiments, adding the reetted polypeptides with Tie2 antibodies or
dimers vesulis in spontaneons assentbly into an 152 icosahedral struchure containing thirty
antibodies per particle.

16 In one embodiment of all of these embodiments, the Tie2 antibodies or dimers
comprise Tie 2 antibodies, wherein the Tie-2 antibodics comprise an anuino acid sequence at
loast S0%,, S5%, 60%, 63%, 70%, 78%, BO%,, 859, 900, 1%, 2%, 93%, 94%, 85%, 9o6la,
7%, O8%%, 99%, ar 100% identical 1o the amine seid sequence of hewvy and light chain pairs
selected from the group consisting off

13 SEQIDNOS:H-12,

SEQ D NOS13-14, and
SEQ D NOS {5-16,
1248
20

WVAYINSGSSTITYADTVKGRETISRONA
KNTLFLOMTSLRSEDTAIVYCARGYVGPYYFDYWNGOGTALTVS SASTKGPSVFPLAPS SKSTSGGTARLGCLVED
YFPEPVTVSHNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTY ICNVNHKPSNTKVDKKVEPKS SDET
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICYVVDVSHEDPEVKFNWYVDGVEVENAKTKPREEQYNS

25 TYRVVSVLIVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPESRDELTKNQVSLTCLVKGEY
PSDIAVEWESNCGPENNYKTTPEVLDSDGSFFLY SKLTVDKSRHQQGNVESC SVMHEALENHY TQKSLSLSPGK
(SEQ ID NO:1l)
light chain

3n QSPKLLIYWASSRHTGVPDRFTGSGSGTDFTLTT
TRV IFPPSDEQLKSGTASVVCLLNNFY PREAKVOWKY

YACEVTHQGLSSPVTKSFNRGEC (SEQ ID
NG 12}

35

13H10

heavy chain (Fc domain underlined)

19
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OVQLOQSGPELKKPGETVKISCKASGYTFTDESIHWVEQAPGKGLEKWMGWINTETGETTYAEDFKGREFAFPSLETS
ASTAYLOINNLKNEDTATYFCSRRYDYDTWFAYWGOGTLVIVSASTKGPSVEFPLAPSSKSTSGGTARALGCLVEDY
FPEPVIVIWNSGALTSGVHTPPAVLOSSGLY SLESVVIVRPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKTH
TCPPCPAPELLGGPSVFLFPPKPKDTLMISRTEPEVICVVVDVEHEDPEVKENWYVDGVEVHNAKTKPREEQYNST

YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGRPREPCVYTLPPSRDELTKNQVSLTCLVKGEYP

SDIAVEWESNGOPENNYKTTPPVLDSDGSEFFLY SE

e

LTVDKSRWRQGNVESCSVMHEALHNHYTQKSLSLSPCK

{SEQ ID NO:13)

FLTIORSY
ey ‘z; e e

ANTYLYWEFLORPGOSPQLLIYRMSNLASGVPDRESGSGSGTA
TLRISRVEAEDVGVYYCMORLEYPFTFGGGTKLEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEYPREAK
VOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC (SEQ

Voo chuad sy S B s ive e
haavy ghain (¥ oradye e

CLEWIGEIDPSDSYRNYNQKFKGKATLTVDKS
ASTKGPSVFPLAPSSKSTSGGETARLGCLVKD

S
SSLGTOTYICNVNHKESNTKVDKKVEPKSSDKT
SHEDPEVKFNWYVDGVEVHNAKTKFREEQYNS

TYRVVSVLTIVLHODWLNGKEYKCKVSNKALPAPTEKTI SKAKGOPREPQVYTLPPSREELTKNQVSLTCLVKGEY

DEDTAVRWESNGRPRNE

SDGERFLY SKLIVDKSRWCQGNVESCSVMHEALANHYTQKSLSLSPGK

PASLSASVGETVTITCRASENIYSEFVIWYQOKOGKSPOLLVENAKNLVEGVPSSFSGSGSGTQFSLKI
YYCQHHYSIPYTEFGGGTXKLEMRRTIVAAPSVEIFPPSDEQLKSGTASVVCLLNNEY PREAKVOWKY
CDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGEC (SEQ ID

I another embodiment of all of these cmbodinents, the Tiel antibodics or diners
caomprise dimers, whergin the dimers comprise monomers comprising the mnine acid
sequence of SEQ ID NO-47, wherein (X} is optional and when present comprises an anuno
acid linker of any suttablc fength and amino acid content. As voted above, the Tie-2 dimers
inclade two monomers of the filvinogen-like domain derived from angiopotetin (F domain)
fused to an Fo domain. The two monomers dimerize sinee the Fo domain natorally dimerizes.
The F dowain anunoe acid sequence present in cach monomer comprises or consists of the

amino acid sequence of SEQ 1D NO:1O:

20
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Human Angl F dowmain (Tiel receptor binding domain; SEQ ID NO: H: Bold font

Human IpGY Fer Underlined

KARLASEXPFRDCADVYQRACFNKSGITY TIY INNMPEPKEKVECHMDVNGEGWTVIQHREDGS LD FOREGFEEYRMGE
3 GHPSGEYWLGNEF I FATTSOROYMLR I E LMW GNRAY QY DRFH T GREKON YR LY LEGHTGTAGROS SLILRGA
DR THOADNDN CMCKCA LML T oGW F DAL G PANLNGHMF Y TACON RGR NG I RWH Y FKG PR YSIRETTMMIRPLDY
{X) EPKSSDKTHTCPPCPAPELLGGEPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKENWY VDGV NA

TKPREEQYNSTYRVVSVLTVLHCDWLNGKEYKCKVSNKALPAPIFEKTISKAKGOPREPQVYTLEPSRDELTENQ

VSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDESFELY SKLTVDKSRWQOGNVESCEVMAEALHNHYT

10 OKSLSLSPGK ({(SEC ID NO: 47)

in one embodiment, the dimers comprise MonoOmMers CoMprsing m aming acid

by SO%G, 83%%, 90%, 1%, 92%, 93%, 94%,

sequence at loast SO%, 53%, 60%,, 65%, TO%, 78%

85%%, 96%, 97%, 98%, 99%:, or 1005%% 1dentical to the amine acid sequence of the aminoe acid

L

sequence of SEQ D NO:17 or 18, wherein residues in parentheses are optional. The residucs
i parentheses are either amine acid Boakers (in these examples, GS-nich hinkers), His-tags, or
secretion signals (italicizod-—these may beabsom, present, or replaced with any other

seeretion sigual)

20 {
FONMDVNGGERTVIQEREDGS LDFORGHKE Y KMGFGRPSGRYWLGNEF IFA I TEQROYMLRIELMDWEGNRAY SQ
YDRFHIGNERON Y RLYLRKGHTETASKOS S L I LHGADF S TRDADNDNCMCKCA LML P GOWHEDACGPSNLNGMEY D
AGONHCKINGIKWHYFKGPE Y SLRSTEMMIRPLDF (GG5GGS ) EPKSSDKTHTCEPCPAPELLGGPSVFLEPPKE

VLHQODWLNGKEYKCK

F{HBRREN) (GES KABLASERKPRFROCADVYQAGFNRKSGIYPTY INNMPEPRKY

=
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NQVSLTCLVEGEYPSDIAVEWESNGRPENNYKTTPPV

LDSDGSFELYSKLTVDKSRWQRGNVESCSVMHEALHNHYTQKSLSLEPGK (SEQ ID NO:17)

{(METDTLLLWVLLLWVPGSTGE ) KAELASEKPFRDCADVYQAGFNKSGIYTIY INNMPEPKKVFCNMDVNGGGWTV
IQHREDGSLDFQRGWKEYKMGFGNPSGEYWLGNEFIFAITSQRQYMLRIELMDWEGNRAYSQYDRFHIGNEKQNY
30 RLYLKGHTGTAGKQSSLILHGADFSTKDADNDNCMCKCATLMLTGGWWFDACGPSNLNGMFYTAGONHGKLNGIKW

HYFKGPSYSIRSTTMMIRPLDY {GGSGGE} BPK CPPCPAPELLGGPSVFLFPPEKPKDTLMISRTPEVT

PN Jos
AT Y
R OV W D

|5
wn

In one specific embodiment of any of the above embodiments, the plurality of homo-

polymers comprises homo-tetramers of the polyvpeptide comprising an anuno acid sequence

at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, D8%, D%, 92%, 93%, 9%, 95%,,

21
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Q6%%, 9T, 98%, 9%%, or HIOY, identieal to the anuno auid sequence of SEQ IDNO:T. In
another speeific embodiment of any of the above cmbodiments, the plorality of home-
pobymers comprises homo-trimers of the podypeptide comprising an amino acid sequence at
Teast S0%, 55%, 60%, 63%, T0%, T3%. §0%, 85%, 00%, 9194, 92%, 03%, 949, 95%, D6%,

Lo

97%, OR%, 99%, or 1% wdentical to the mmino acid sequence of SEQ 1D NO:S.

in another embodiment, #ie disclosure provides composition comprising a pluality of
the particles of any ainbodiment herein comprising Thiel receptor antibodies comprising Fe
domains, andfor dimers of fibrinogen-like domain derived from angiopotctin (F domain)
fused to an Fo doman. The compositions may be used, for example, in the mothaods and uses
10 of the discloswe. In one embodiment, all antibodies or dumers in the composition are

whentical. In another cmbodiment, the antibodies or dimers i the composition are, In total,

not tdentical. For exanple, the composition may comprise particles compnising Tie

antibodies and particles comprising Fodomas dimers. In another embodinment, the

compostion may copise particles comprising differcnt Tie? antibodics andfor F domam
15 dimers having different amino acid sequences.

In another embodimuont, the discloswre comprises pharmaceutical conpositions
comprising the Tie? particle or composition of any embodiment herein, and a
pharmaceutically accoptable carnier. The pharmaceutical compositions niay be used, for
example, in the methods and uses of the disclosure.

20 In another enmbodiment, the disclosure provides uses of the Tie 2 particles,

d

to those desenbed 1o the examples. In one cmbodiment, the disclosure provides methods for

conposiiions o pharmacestical coroposttions for any sattable vse, inclading but not e

teating complications from bacterial or vival infections or any discase or syndrome resulting

from vaseular dysfunction, comprising adminustering 1o a sebject having a bacterial or viral

fod
]

nfection or any disease or syndrome resulting from vascular dysfunction an amionnt of the
particles, compositions, or pharmaceutical conwpositons or any embodiment or combination
of embodiments herein effective to eat the bacterial or viral infection. The methods miay be
wsed o treat any bactorial of vival foction, or any discase or syadrome resudting from
vasewlar dysfonction as deemed appropriate by atiending medical personnel, hnone

36 cmbodiment, the treating comprising treating or hontng development of diseases or
syadromes resulting from vascular dyvstunction, inclading but are not limited to sepsis, acute
respiratery distross syadrome (ARDS), acute hung sigury, acute kidacy tigury, wet-age related

macular degeneration, open angle glaucoma, diabetic retinopathy, and diabetic nephropathy.
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In another embodiment, the discloswe provides kits for generating the particles and
compositions of the disclosure. In one embodiment, the kits comprise:

{a) a polypeptide comprising an amine acid sequence at loast 0%, 35%, 60%,
H5%, TO%, T3%, B0%,, 85%, 90%, 919, 92%, 93%, 94%, Q5%, 96%, 97%, 98%, 9%%, or
0% identical to the anuno acid sequeence selected from the group comsisting of SEQ ID
NQOS:1-9, whersin residacs i parentheses are optional (.o not considersd in the poroont
identity requirenient), wherein the polypeptide is capable of () assembling into a homo-
polymer, and () binding to a constant region of an G anttbody; optionally wherein the
polypeptides are as disclosed i any eoabodiment disclosed hereln; and

by Tie2 antibodics conyuising an  amine acid sequence at least S0%,, 33%, 0%,

6%, TOY, 7%, 80%,, 85%, 90%, 919, 9%, V3%, 94%, 95%, 96%, 97%, 98%:, 99%, or
106 identical to the anuno acid sequence of heavy and Hght chain pairs selected from the
group consisting of SEQ ID NOS:11-12: SEQ ID NOS: 13-14; and SEQ ID NOS:15-14,
andfor a fibrinogen-like domain derived from angilopoietin (F domain) fused to an Fo domain
optiorally comprising the amino acid sequence selected from the group consisting of SEQ 1D
NOS:17-18and 47,

In this cmbodiment, when the two components are eowbined the particles
spomtancousty assemble vig interaction of the antibodies or dimers with Fo hinding nterfaces.

in another embodiment, the kils comprise:

{a}  hostcells capable of expressing a polypeptide comprising an amino acid
sequence at feast $0%, 38%, 60%, 65%,, T8, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
G3%, D6%, 97%, 98%, 99%, or 100% identical to the amino acid sequence selected from the
group consisting of SEQ 1) NOS&: -9, wherem residues in parentheses are optional (i.e.: not
considered in the percent identity requirement}, wherein the polvpeptide is capable of (1)
mssembling nto a bomo-polvimer, and (b binding 1o a constant region of an fols antibody:;
optionally wherein the polypeptides are as disclosed for any cmbadiment herein; and

{b}  hostcells capable of expressing Tied antibodies amino acid sequence at least
SU%h, S3%. 60, B3V, TO, T3V, 80T, 83U, DU, 917, 925, 3%, 94%5, 935, 6%, 97%,
9%, 99%, or 100% identical to the amino actd sequence of heavy and Hght chain pairs
setected from the group consisting of SEQ ID NOS:11-12; SEQ ID NOS: 153-14; and SEQ 1D
NOS:15-16, andfor a ibninogen-like downain dertved from angiopoiets {F domam) fused o
an Fe domain optionally comprising the amino acid sequenes selected from the group

consisting of SEQ ID NOS: 17-18 and 47,
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In this embodiment, the two components can be produced by the host cells and then
combined so that the particles spontanconsly assemble via interaction of the antibodies or
dimers with Fe binding ingerfaces.

in another embodiment, the disclosure provides polypeptides comprising an anung

Lo

acid sequence comprising or consisting of the anuno acid sequence of any one of SEQ 1D
NOS: 17-18 and 47, The polypeptides may be used in producing the Tie 2 particles disclosed
herein,
in another aspect, the discloswre provides nuclele acids encoding the polypeptide
comprising or consisting of the anuno acid sequence of any one of SEQ D NOS 17-18 and
10 47 The nocleic acid sequence may comprise simgle stranded or double stranded RNA o
DNA in genomic or cDNA form, or DNACRNA hybuds, cach of which may mclude
chemically or biochemically modified, non~-natural, or derivatized nucleotide bases. Such
miclote actd sequences may comprise additional sequences useful for promoting exprossion
andfor purification of the encoded polypeptide, including bwt net limited to polyA scquenees,
15 modified Kozak sequences, and sequences encoding epitope fags, export signals, and
secretory signals, nuckear localization signals, and plasma mombrane logalization signals. |
will be apparent to those of skill in the art, based on the teachings herein, what nucleic acid
sequences will encode the polvpeptides of the disclosure.
I another aspect, the disclosure provides expression vectors comprising the nocleie
20 auds of the disclosure operatively Hnked to control sequence. "Expression vector” mcloades

vixctors that eperatively ink a nucleie actd codmy region or gene o any controf scquences

capable of effecting expression of the gene product. “Control sequences”™ operatively hinked
to the nucleie acid sequences of the disclosure are nueleie acid sequences capable of effecting

the expression of the nucleic acid molecules, The control sequences need not be contiguous

fod
]

with the nucleic anid sequences, so long as they function to divect the expression thergof,
Thus, for example, infervening untransiated yet transeribed sequences can be present between
a promofer sequence and the nucleie acid sequences and the promoter sequence can still be
considered "operably buked” to the coding sequence, Other such control sequences include,
hut are not hnited to, polyadenviation signals, tormination signals, and ribosome binding

36 sites. Such expression vectors can be of my type, including but not hoited plasmid and viral-
based cxpression veetors. The control sequence used to drive expression of the disclosed
nucieic anid sequences iy & marnmalian systew may be constitutive (driver by any of a
variety of promoters, including but not Tioited to, CMV, SV4G, RSV, actin, EF) or inducible
{driven by any of a number of inducible promoters mohading, but not hanted to, tetracveling,
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eedysone, steroideresponsive). The expression vector nusst be replicable i the hoat
organisms either agan cpisome or by Integration into host chromosomal DNAL In vartons
embodiments, the expression vector may comprise a plasmid, viral-based vector, or any other

switable expression vector.

Lo

I & further ernbodiment, the disclosure provides host cells comprising the
polypeptide, nucleie acid, and/or expresston vector of any emboediment disclosed herein. In
vartous ernbodiments, the bost eells can be either prokaryotic or cukaryotic.

In another aspect, the disclosure provides particles, comprising:

£ a plurality of polypeptide polvmers, wheresn
HY (i} cach monmner in the ~polyimers conyrises an aming acid sequence at

feast S0%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, D0%, 91%,, 93%, 93%, 94%, 5%, 6%,

97%, 8%, 99%, or 1% wdenticnd to the anuno acld sequence of SEQ IDNO L
(it}  cach monomer in the polymers comprises an amino acd sequence at
least 5{}%: 53%, 60%, 65%, 7O, 78%, 80T, 85%%, S0%, 91%, 92%, 93%, 4%, B5%%, Bo%,

1§ O7%, 9%, 99%, or 100% identical to the amino acid sequence of SEQ 1D NG:2;

(i) coch monomer in the polvimers comprises an aming acid sequence at
Teast 50%6, S5%, 60%, 65%, T0%, T3%, S0%, RS, 0004, 1%, 92%,, 93%, 9484, 95%, V8%,

97, 98%, 99%, or 160%: wlentical to the amine acid sequence of SEQ G NO:3;

(i\f} cach monomer in the polyvmers comprises an anuno acid sequence at
20 least 309, 38%, 60%, 65%, T0%, 75%., BO%,;, 85%, 90%, $1%;, 92%, 93% 4%, 9539%, 96%,

97%%, 98%%, B8, or 1% wdentical to the amine aoid sequence of SEQ 1D MO,

(v} cach monomer o the polymers comprises an aynino acid sequence at

4, 8O%, BS%, %G, 9185, D2%, 939

least SO%, 55%. 601%%, 65%. T0% 4%, 5%, 96%,

97, G8Y, 99%%, or 160%: identical o the avuno atid sequence of SEQ 1D NS,

fod
]

(v} cach monomer i the polviners comprises an aming acid seguence at
{east S0%, S8%%, 60%, 65%, 708, 73%, 8%, 85%, 0%, Y1%, 92%, 3%, 94%;, 95%, 96,
U7%, 988, 99%, or HXI%G dentical to the amino acid sequence of SEQ 1D NO:&,

(vt} cach mononwr in the polymers comprises an amine acd sequence at
lcast :‘;(}Q’u ‘;5“0‘ f){lu().. H3% a, T N TR o5, RG% “a, 8A%; (N 0% s ‘}lﬂu 02”9 Q3% ‘.}-‘}Q %, "‘”0 6% oy
360 97, 9R%, 99%, or 100% identical to the amino acid sequence of SEQ (D NOT:

(vt} cach monomer in the polviners comprises an amino acid sequence at
foast S0%G, S5%, GU%, 68%%, TO%, T5%, SU%, 85%, D%, 9%, 92%., 93%, 94%, O5%, 965,

97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ IDNO:E; or

[\
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(ix)  ecach monomer in the polvmers conprises an amino acid sequence at

Teast 50%, 353%, 6%, 63%, T0%, T3%, RO, 83%, 0%, 1%, B2%,, 939, 94%;, 95%, V6%,

DTG, G, 9996, or 100%: identical o the amino acid sequence of SEQ ID NG:R; whersin
resicues in parentheses are optional {ie. not considered in the peroent identity requirernent);
and

(" a phlurality of - TNFREF (tmor necrosis factor receptor superfamily)
antibodies comprising Fo domains;

wherein

(1) each o-TNFRSF antibody in the plurahity of antibodies comprises a
first Fo domain and a second Fe domaby,

{11y coch o TNFRSF antibody in the plurality of antibodies 15 {(A) non-
covalently bound via the first Fe domain 1o one polypeptide monomer chain of a first
polvmer, and {B) non-covalently hound via the second Fo domain to one polypeptids
muonemer of a sccond polyiner; and

(1) each polypeptide monomer cham of each polyviner is non-covalently
bound to one Fo domain:

wherein the particle comprises dibedral, tetrahedral, octahedral, or icosahedral
symmetry.

As shown in the examples that following, the particles of the disclosure targeting cell-
surface TNFRSF receptors enhance signabing compared to free anttbodies or Fe-fusions in
DRE-mediated apoptosis, and were shown to induce turnor cell apoptosis. Thus, the
composiions may be used to treat fumors.

in this aspect, "mntibody™ includes reference to full length and any functional antibody
fragments thas selectively bind a TNFRSF including the Fo domagy, fusion profeins
comprising a protesy that binds a TNFRSY and an Fo dogain, that dimerises since the Fo
domains naturally dimerizes; and an Fe fragment chemically modified to a protein that binds
a TNFREF, which dimernizes since the Fo domains naturally dimernizes.

When combined with a-TNFRSF annbody, a higher order, cage-like, polvhedral
structwre spontanecusly assembles via interaction of the antibodies with Fe binding
nterfaces. The resubting higher order stmueties have C2 oyelic syanmetry at the Fe position
and cyebe 2, 3, 4, or S-symmetry at cach homo~ohigomernization domamn interface.

All embodiments of the polypeptide monomers disclosed herein are equally

applicable to this aspect of the disclosure. Thus, W various nos-linuting embodunernts,

26
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residues present at a polymeric interface, as defined in Table 2, in a polymer of the
polvpeptide of any one of SEQ 1 NOS: 149 may be conserved; residues present at a Fe
binding intertace of any one of SEQ I NOS 1-9 as defined in Table 3 may be conserved;

substitutions relative to the reference sequence of any one of SEQ 1D NOS:1-9 may

Lo

comprise, consist essentially of, or consist of substitutions at polar restdues in the reforence

;;\ﬂlyps:ptidc: substingtions relative to the reforence scquence of any one of SEQ 1D NOS:1-0

may comprise, consist essentially of, or consist of substitutions at polar residues at non-

Gly/Pro resicues in loop positions, as defined n Table 4, n the reference polypeptide; andior

amino acid changes from the reference polypeptide of any one of SEQ 1D NOS -9 may be

i@ conservative anuno acid substitutions. In all embodiments, the polypeptide monomers may
further comprise a functional polypeptide covalently linked to the aino-terminus andior the
carboxy-terminus. In various non-limiting embodiments, the funciional polypeptide may
wmclade, but 13 not Bowted fo, a detectable polypeptide sach as a Buorescent or honinescent
polypeptide, receptor binding domains, cic.

15 in one mobodimient, the a-TNFRSF antibody heavy and light chams can be co-

mxpressed in colls to produce the - TNEFRSF antibody, which can then be mixed with the
pulymers to form the particles of the discloswe,
in some gmbodiments, the polypeptide monomers in cach polymer are 100%,

wdentical, and the polymers are homo-oligomers. In other embodiments, the polymers may

26 comprise monomers with some amino acid differences, so long as each monomer has the
requured amino acid sequence identity to the reference polypeptide. In these embadiments,
the polyimers are not necessartly homo-oligomers. In light of this, as will be understood by
those of skill in the art, the pharslity of pobyvmers f11 a given particle may comprise all homo-
oluzmmers, the particle may comprise polymers that are not homo-oligomers, or a

35 combination thereof, Simularly, the particle may comprise all homo-oligoniers, and each
homeo-oligomer may be identical, or the phuality of homo-oligomers may comprise 2 or more
difforent home-oligomrs,

in one enbodimen, the phurality of polymers comprises dinsers of the polypeptide

comprising an anuno acid sequence at least 50%, 55%, 60%46, 6%, T0%, 75%, 0%, §5%,

300 BU%, 91%, 92%, 9%, 9454, 95%, B6%, 97%, DRY, 9%, or 100% identical to the amino acid

seguence sclocted from the group consisting of SEQ ID NOS: -3, In these embodiments,

adding the recited polypeptides with to a-TNFRST autibodics results in spontancous

assembly into a D2 dihedral structure contamning two antibodies per particle,

.
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In another embodiment, the plurality of polymers comprises tnimers of the
polyvpeptide comprising an anuno acld sequence at least 30%, 35%,, 609%, 63%, T0%, 73%,

0%, B3%,, S, 1%, 92% L 98%, 9656, 97%, 983, 99%, or 100% identical to the

anune acid sequence sclected from the group consisting of SEQ 1D NOS:4-6. In these
embodunents, adding the reaited polypepuides with o~ TNFRSFE antibodices results in
spontanecus assembly into 8 T32 tetrahedral structure containing six antibodies per particle.

In a further embodiment, the plurality of polymers comprises tetramers of the
pulypeptide comprising an amino acid sequence at feast 0%, 55%, 60%, 653%, 70%, 78%,
RO, R3%, Q0% 01%, 92%, 93%,, 0%, 95%, 6%, 97%, O8%, 9%, or 16{0q wentical to the
sming acid sequence of SEQ IDNG . In these embodiments, addsng the recited
polyvpeptides with c TNFRSF antibodies resulis in spontancous assembly into an Q42
octabiedral stractore contaiming twelve mtibodies per particle.

1o one embodiment, the phaality of polymers comprizses pentamers of the polypeptide
comprising an anune acid sequence at least 30%, 535%, 6055, 65, 70%, 73%, 80%, 85%,
i, 9100, 92%, U39, 94%, 93%, Y6, 7%, 98%, Y99, or 100% identical to the amino acid

sequence sclected from the grovpy conststing of SEQ HI NOS:K-9. In these embodiments,
adding the recited polypeptides with e TNFRSF antibodies results in spontancoss asscmbly
into an 152 fcosahedral stracture containming thirty antibodics por particle,

Any TNFRSF nuy be targeted as appropriate for an intended use of the particles and
compositions thercof. In various embodiments, the a-TNFRSF antibody targets one of more
of DRETRAIL-RYTNFRSFIOB/CD262, CD40, 4-1BR, and TWEAKR (Twmnor Necrosis
Factor-like Weak Inducer of Apoptosis Receptory TNFRSFI12A/CD266. o various further
cmbodiments, the - TNFRSF antibodies comprise an amine acid scquence at least S0%,

0%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
90%, or 100% identical 1o the amino scid sequence of heavy and light chain pairs {(when both
heavy and Hght chain are needed) selected from the group consisting of:

SECQ ID NO: 1Y and 200

SEQ DR 21 and 22;

SEQ D NO: 23 and 24;

SEQID NO: 25 and 26;

SEQ D NO: 27 and 28;

SEQ D NO: 39,

SEQ 1D NO: 30;

]
5
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SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEQ 1D NO:
SEC ID NO:
SEQGIDNO: 4
SEQ I NO: 42 and 43;
SEQ 1D NO: 44 and 45;
SEQ D NO: 44 and 44;
SEQ D NO: 48 and 49;
SEQ ID NO: 30 and 51
SEQ I NO: 32 and 53
SEQ ID NO: 34 and 55,
SEQ ID NQ:; 36;

Lob 7/6 heavy and light

31 and 32;

¥
Lad

34 and 35;
36 and 37
38 and 39;

i and 41

chains as disclosed i published US

PCT/US2021/036117

patent apphication US

US20690074 711 (incorporated by reforonce bergin in its entivety); and

Heavy and Hght chain pairs disclosed in 201 3094300 {incorporated by reference

herein in 1ts entirety).

Table 5.
CR4G Targeting antibodies

Antibody seguences

TWVROA

- MELNRLRSDD

PGOGLEWMGW INPDSGGTNY

TAVYYCARDQ PLCYCTRJY“ SYFDYWGQGT
SRSTSESTAA LGCLVEDYEP EPVIVSWNSG ALTSGVHTEE
S RFCM“T&ﬁCV VDHKEPSNTKVY D(T"“RYCC” ECPPCPAPEV
VEHEDPEVQE NWYVDGVEVH NAKTKPREEQD
APIEXT ISKTKGQCPRE PQOVYTLPPSR
SIHYKTTP PMLDSDGSFE LYSKLTVDKS

{38Q ID NO:19)
3 SilA‘&QQKP FKAPWL IYT ASTLQSGVPS
R AAPSVIEIFPP
QSGNSQ ESVTEQDSKD STYSLSSTLT

(SEQ ID NOC:20)

GGWIR QPPGKGLEWI GSIYKSGSTY
ThA SYYCTRP VVRYFGWEFDP WGLGTLVTVS
=3 LGTLY FPEPVTV kaSCALTSC VHTFPAVLQS

ﬁ\]Tl\vr AT

TYTCNVDHKP
TCVVVDVSQE

DPEVQE

24



i3

20

35

4

n
N

B3

WO 2021/252327

YRVVSVLTVL HODQLNGKEY
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ENQVSLTCLV KGFYPSDIAV

EWESNGQPEN

NYKTTPPVLD SDGSFELYSR

LORERY,
GNVESCSVMH EALHNHYTQK

SL3LSLGK (SEQ ID NC:21)

{Light chain)
*QL”QQPSS

LSASVGDRVT

SALAWYQQCKP GKAPKLLIYD
YPTFGOG TKVEIKRTIVA

RLESGNSQE SVTEQDSKDS
GELO{SEQ ID NO:Z2Z)

ASNLESGVPS
APSVFIFPPS
TYSLSSTLTL

SDGSFFLYSR

(Heavy whain}
QYWRLs LLEPSETLEL ROS PEKGLEWIGE INHGGYVTYN
BSL VETERNOESL DYG PGNYDWYFDL WGRGTLVIVS
SAS PLAPCSRSTS VTV SWNSGALTSG VHTFPAVLOS
SCGL TVPSSSLGTK miT“N JDHKP SNTKVDKRVE SXYGPPCPPC PAPEFLGGPS
VELE TIMISRTRRY TOVVVDVEQE DREVQINWYV DGVEVHNAKT KPREEQFNST
RELY Y KGQPREPQVY TLPPSQEEMT
LTVDKISRWQE

e
LACRASG
TN Y PN N
Tl “'-‘x\.}x‘l\.\ :

GQAPRLLIYD
CGGTKVEIKR
SQESVTEQDS
BC (SEg ID NO: 24

{ISWVRQM PGKGLEWMGK IYPGDSYTNY

YWYCARGY GIFDYWGQGT LVIVSSASTK

L X ] XY VSWNSG ALTSGVHTEER AVILQSSGLYS

SVVIVPSS NFGT“TYﬂCW VDHKPSNTKY DKTVERKCCV ECPPCPAFPPV AGPSVELEFPP

KPKDTLMISR TPEVICVVVD VSHEDPEVCE NWYVDGVEVH NAKTKPREED FNSTFRVVSV

LTVVHODWLN GKEEYKCKVSN KGLPAPIEKT ISKTKGQPRE POQVYTLPPSR TEMTKF“V"'
TCLVKGFYPS DIAVEWESNG QPENNYKTTP PMLDSDGSEFFR LYSKLTVDKS RWQOGNVES!

SVMHEALHNH YT QKSLULSP GK (SEQ ID NO:25)

{nght chai

antibodies

YAHWYQOKPG QSPVLVIYQD

SLAVEFG GGTKLTVLGE

SPVKAG VETTTPSKQS
(SEQ ID NO:26)

o w:wMH‘PA/\A-.TP
SHEE WERFGESLRL

TI SRDNAKNSLY
DTJ—UE’SQKSTS

N B SETRTRET
OLAA\ R F

LOMNSLRAED
GGTAALGC
TYICNVNHKP
PEVICVVVDV

QYQ SWVRQA G
TAVYYCAKIL GAGRGWYFDY
KDYFPEPVTV SWNSGALTSG
SNTKVDKKVE PKSCDKTHTC

Pl

PGKGLEWVS

[

KNRPSGIPER
PRKAAPSVTLF
NNKYAASSYL

INWCGGSTGY
WGKGTIVTVS
VHTFPAVLOS
PPCPAPELLG

SHEDPEVEEN WYVDGVEVHN

LAKTKPREEQY

ALPADIEKTI SKAKGQPREP

VYTLPPSRE

KEYKCKVSNK

YKTTPP VLDDDCSFFA

YSKLTVDKSR

1 3

e
reh oL

G

NRESGIPDRF
KAAD SVTLEP
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SCTRAIL Fd

derlined
RSGHSPFLSNLALRNGELVIHEKGEYYIVYSQTYIREFQE
EIREN U . SaRY {SKDAEYCLYSIYQGGIFELKENDRIFVSVTNEHLIDMD
HEAS FGA HA TGTR@PSWTLSbPRSKNEFPLURKLWQWESSRSGHSFLSNLHLRNGELV
IHEKUF(f;iUQTLFRFQEEIBENTKNDBQMVQYIKKETSYPDPILLMKSARNS;WSKDAEYGLYSIYQGGIFEL
KENDRIFVSVINEHLIDMDHEASFIGAFLVGGSGSGNGSRVAAHITGTRGRENTLSSENSKNEKALGREINSWES
SRSGHSFLSNLHLRNGELVIHEKGEFYYIYSQTYFREQEEIKENTKNDKOMVOYIYKYTSYPLDPILLMKSARNSCW
10 SKDAEYGLYSIYQGCGIFELKENDRIFVSVINEHLIDMDHEASFFGAPLVGEPGSS3SSSSGSCDKTHTCPPCPAP
ELLGGPSVFLEPPRKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYSSTYRVVSVLT
VLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTRNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOCGNVESCSVMHEALHNHYTQKSLESLSPGK (SEQ ID

NC:29)

15
seeded, Fc region underlined)
W IRQCSPSRGLEWLGRTYYRSKWYNEYAVSVKSRITINY
2 IGRGTTVTSPLRWGRFGWRGLGRGWLRSPVTQSPCETLS
’GASSRnTGIPDRVDGScSG"DFTLTISDLEDPDVAVY
F FLEPPKPKDTLMISRTPEVTC
. T
)
H
JIRQbPSRGLEWL—RTYYRSKWYNEYAVSVKSRITINV
IGOGTTVTSPASTKGPSVEPLAPSSKSTSGGTAALGCL
343 SEVVIVESSSLGTOTYICNVNHKPSNTKVDKKVEPKS S
SVTCVVVLDVSHEDPEVEKENWYVDGVEVHNAKTKPREED
KTISKAKGOPREPQVYTLEFEPSRDELTENQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELYSKLTVDKSRWCQOGNVESCSVMHEALHNHYTQKSLSLSP
GK_(SEQ ID NO:31)
35

L1 Light chain {(pairs with H1)
LRSPVTQSPGTLSLSPGERATLSCRASQSVSSSHLAWYQUKPGOAPRLLIYGASSRATGIPLDRESGSGSGTDETL

PELFLAY Y RSNWEERANVE BIXRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNIYPREAKY
& WHATY ) ADYEXHKVYACEVTHQGLSSPVTKSFEFNRGEC (SEQ
463 IDONOYIR)

\Axu _L_._\ﬁu!. chain

aded, Fco region underlined)

e

Q RCSPSRGLEWLGRTYYRSKWYNDYAVSVKSRITISPE
o TA iYY LHRRGJGND CTLVTIVSSGILRWCGREFGWRGLGRGWLEIVLTQSPGT
45 L SNVIRGYVEWYRQER IYGASTRATGIPDRESGSGSGTDFTLTISRLEPEDEFA
W CPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTC
RS RVVIVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
= DIAVEWESNGQPENNYKTTPPVLDSDGSEFFLYSKLT
V EG ID NO:33)
S
erlined)
EIRQNPSPGLEWL”PTYYRQYWlREYFVSVKSRI IsP
ASTKGPSVEFPLAPSSKSTSGGTRAALGCL
2 LGTOTYICNVNHKPSNTKVDKKVEPKSS
55 EV EDPEVKFNWYVDGVEVHNAKTKPREEQ
YNSTYPVVSVLﬁVLHQDWTVGKEYKyK‘ IEXKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVE
GEYPSDIAVEWESNGOPENNYKTTPPVLI YSKLTVDEKSRWQQGNVESCSVMHEALHNHYTOKSLSLSP
GK (SEQ ID NC:24)
B L Light ohain (palns HE)

Lt
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TLSCRASQSVISCYVIWYRQKPGCAPRLLIYGASTRATGIPDRESGSGSGTDETL
PNTYGOGTRVGIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNEFYPREAKVQW

LEIVLTQSPGTLSLSEGE
KDSTYSLSSTLTLSKADYEKHKVYACEVTHCGLSSPVTKSENRGEC (SEQ ID

RA
TISRLEPEDFAVYYCHQYGS
KVDNALQSGNSQESVTEQDS

NC:325)

TTVTVSSASTK”Db”T L" S

ip

FPPKPKDTL MISRTPEVT“VVVD”QHEDPEVLLNWYVDbVE HDA(TRPREEQY
EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTEKNQVSLTCLVKG
PEVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALANHYTQKSLSLSPG

(SEQ ID NO:S

ight chain, Fc¢ region underlined
ELTODPAVSVALGOTVRITCOGDSLRSYYASWYQOKPGOAPVLVIYGKNNRPSGIPDRFSGSSSGNTASLTITG
o EEADYECNSPWSSCNH VTGG-TVLTVLCQPBAAPS TLFPPQSEEL ANKATLVCLISDFYPGAVIVAWK
1

5
15 L
S
i

TR TN LQaY

e O TR TS TR N
TTRENQSRNEYAR B

Lo WNEERA VARG {-.JwQ S

20

Canarn _/",-»“ EMG R5R haavy chain {(F2 recion underliosd:
OVOLOESGPGLVKPSQTLSLTCTVSGGSISSGDYFWSWIRCLPGKGLEWIGHIHENSGTTYYNPSLKSRVT
ISVDTSKKOFSLRLSSYVTAADTAVYYCARDRGGDYYYGMDVHWGOGTTVTIVSSASTKGESVEPLAPSSKSTSGGTA

o
wh

SAST
ALGCLVDKYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLETOTY ICNVNHK
P

PSNTKVDKRVEPKSCDKTHTCPECPAPELLGGESVFLFPPKPKDTLMI SRTEEV TCVVVWMSHEDDEVFFNWYVD
GUEVANAKTKEREEQYNSTYRVVSVLIVLHODWLNGKE YKCKVSNKALPAP IEKTI SKAKGQPREPQVYTLEPSR

'TTPV7LDSDCDFTLYSKQTVD“SRWQQCWV?SCSVMHE

34
SYOQOKPGQAPSLLIYGASSRATGIPDRESIGSGSCGTDEFTLT
APSVFIFPPSDEQLKSGTASVVCLLNNFY PREAKVOWK
{HKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID
3s

TWEARR Targeting antibodies

44

ENAVA LYW

{Heavy chain, Fo region underlined)

EVQLVESGGG LVQPGGSLRL SCRAASGETEFS SYWMSWVRQA PGKGLEWVAE IRLESDNYAT

HYAESVKGRE TISRDDSKNS LYLOMNSLRA EDTAVYYCTG YYADAMDYWG QGTLVIVSSA

STKG I, APSSKSTSGG TAALGCLVKD YFPEPVIVSW NSGALTSGVH TEFPAVLOSSG
45 LYS PSSSLGTOTY ICNVNHKEPSN TKVDKKVEPK SCDKTHTCPP CPAPELLGGE

SVFLFPPKPK DTLMISRTPE VTCVVVDVSH EDPEVKENWY VDGVEVHNAK TKPREEQYNS
TYRVVSVLTV LHQDWLNGKE YKCKVSNKAL PAPIEXTISK AXGQOPREPQV YTLPPSREEM
TENQVSLTCL VKGFYPSDIA VEWESNGQOPE NNYKTTPPVL DSDGIFFLYS XLTVDKSRWG
QGNVEFSCSVM HEALHNHYTQ KSLSLSPGK (SEQ ID NO:40)

30 {Light chain}

MHWY QOKPGKAPKL LIKYASNLES
HEWEIPY TFGGGTKVEI XKRIVAAPSVE
DNALQS GNSQESVTEQ DSKDSTYSLS

STLTLOSKALY FEARVYACEY THQGLS ; JRGEC  (SEQ ID NO:41)
55
6} 13208 neavy ohnaln (IEQ OID NOED)

L
b2
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&1y Asn Val Phe Ser Cys 3Serx
445
Tyr Thr Gln Lys Ser Leu Ser

460

Hi

HEWIRQAPGKCGLEWVAVIWYEGSNKYYARSVKGRETISRDNS

DVHGQGTTVIVSSASTRKGPSVEPLAPSSKSTSGGTAALGT

LESVVIVESSSLGTQTY ICNVNHKPSNTKVDKRVEPKS

T PEVTICVVVDVSHEDPEVEENWYVDGVEVHNAKTKEREE

S
LA

IEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLY

SKLTVDKSRWOOGNVESCSVMAEALHNHYTOKSLSLS

2 LGP OOKPGKAPKRLIVATSSLOSGVPSRFSGSGSGTEFTLTI
SSLOPEDFATYYCLOHNTYPWTFGOGTKVEIKRIVAAPSVFIFPPSDEQLKSGTASVVCLLNNFY PREAKVOWKY

NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID

NC:49)

i ined)

GVEWIRQPSGKGLEWLARIWWDDDKY YNPSLKSQLTISKDT

SRNQVFLKITSVDTADRATYYCAR
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w0

YFPEEVIVSWNSGALTSGVHTEPAVLOSSGLYSLESVVIVESSSLGTOTY ICNVNHKPSNTKVDKKVEPKSSDKT

30 HTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDEVEVHNAKTKPREEQYNS

TYRVVSVLTVLHODWINGKEYKCKVSNKALPAPTIEKTISKAKGRPREPOQVYTLEPPSRDELTKNQVSLTCLVEGEY

PSDIAVERESNGQPENNYKTTPPYLDSDGSEFLY SKLTVDK SRWQQGNVE SCSVMIEALENHY TOKSLELSPGE
{SEG ID RREL)

)
L

TR¥ESIE
DIVMTOSOKFMSTSVGDRVSVICKASONVGTNVAWY QCKPGOSPKALIYSASYRYSGVPDRETGSGSGTDRTLTI
NNVHSEDLAEYFCQQYNTDPLTFGAGTKLEIKRTVAAP FPPSDEQLKSGTASVVCLLNNEYPREAKVQWKVY

I
DNALQSGNSQESVTEQDSKESTYSLSSTLTLSKADYEKHRKVYACEVTHQGLSSEVTKSEFNRGES {SEQ ID
4

LEWVASISSGGTTYYPDSVKGRFTISRDNSK

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDY
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PEPVIVSWNSGALTSGVHTFPAVLOSSGLY SLSSVVIVESSSLGTOTY ICNVNHRPSNTKVDKKVEPKS SDETH
CPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVICVYVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNST

YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSLTCLVKGEYP

SUGEIFLYER

/DKSRWQOGNVESCSVMHEALANHYTQKSLSLSPGK

5
SGIPDRFSGSGSGTDE
JVCLLNNFYPREAKY
o YRALORURS SHDITYE TLEKL VTHQGLSSPVTKSFNRGEC (SEQ
SIIRQPSGKGLEWLAHIWWDDDKYYNPSLKSQLTISKDT
15 YYLVTVSSASTKGPSVFPLAPSSKSTIGETAALGCLVKD
E VVTVPSSSLETQT Y ICNVNHK P SNTKVDKKVEPKSSDKT
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW YVDEVEVENAKTKEREEQYNS
APIEKTISKAKGRPREPQVYTLEPPSRDELTKNQVSLTCLVKGEY
LTVDKSRWQQGNVESCSVMHEALANHY TOKSLSLSBGK
20
BMS-U86156 light chain
DIVMTQSQKFMSTSVGDRVSVTCKASGN VG TNVAWYQQKEGQS PRELIYSASYRYSGVEDRFTGSGSGTDFTLTI
NNVHSEDLAEYFCQQYNTDPLTFGAGTXKLEIKRTVARPSVFIFPPSDEQLKSGTASVVCLLNNFEY PREAKVQWKY
25  DNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEC ID

1y nseded, Fc region underlined)
EILONGLYLIYGQVAPNANYNDVAPFEVRLYKNKDMIQT
TYWGIILLANPQFISGSGSGNGSETAKEEFCMAKEGELPS

VNKVSDWKLEILONGLYLIYGOVAPNANYNDVAPFEVRLYKNKDMIQTLTNRKSKIQNVGGTYEL
HVGDTIDLIFNSEHQVLENNTYWGIILLANPQFISGSGIGNGSETAKEPCMAKFGPLESKWOMASSEPPCVNEVS

DWKLEILONGLYLIYGOVAPNANYNDVAPFEVRLYKNKDMIQTLTNKSKIQNVGEGETYELAVGDTIDLIEFNSEHQV

T
T4

I one specific embodinent of any of the above embodiments, the plurality of homo-

46 polymers eomprises homo-tetraners of the polypeptide conyprising an amino acid sequence
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at Toast S0%, S50, 60%, 65%, T0%, 5%, HO%., 8306, D0%, V1%, 0296, D3%, 94%, 05%,

Ba%o, 9T%, 93%, 99 or HIY, identical to the amyino acid sequence of SEQ IDNOT. In
ancther specific cmbodiment of any of the above embodiments, the pluvality of homeo-
polymers comprises homo-trimers of the polypeptide coraprising an amino actd sequence at
least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%s, 90%s, $1%, 92%%, 93%, 4%, 95%, 96,
97%, 9854, 99%:, or 100% identical to the amino soid sequence of SEQ 1D NO:S

in another embodiment, the disclosure provides compositions cmnprising a plurality
of the particles of any ombodiment herein comprising @~ TNFRSF antibodics, The
compositions may be used, for example, in the methods and uses of the disclosure. In one
embodiment, all antibodics i the composition are wdentical. In another embodiment, the
antibodies are, in todal, not identical.

1n guother cmbodirnmy, the disclosure comyprises phareaceutical conypositions
comprising the o TNFRSF antibody particles or compositions of any embodunent herain, and
a pharmacentically acceptable carrier. The pharmacentical compositions may be used, for
example, in the methods and uses of the disclosure.

In another embodiment, the disclosure provides ases of the g-TNFRSF antibody
particles, compositions or phammaceatical compositions for any suitable use, including but
not fomited to those descrtbed in the examples. o one embodiment, the disclosere provides
methods for treating method for treating 3 temer, comprising administering o @ sabject
having & aenor an wnount of the particles, compositions, or pharnaceatical composition or
arry ermbadient or combination of embodiments heran effective to ndure tumor cell
apoptosis. In one embodiment, the tunor overexpresses DRA relative to a control tumor ora
threshold DRS expression level. As shown in the examples that following, the particles of
the disclosure targoting cell-swrface TNFRSF vecepiors enhance signaling compared to free
antibodies or Fe-fusions in DRE&-medinted apoptosis, and were shown to induce tumor ¢ell
apoptosis. Thus, the compositions may be used to treat wmors.

In another embodiment, the discloswre provides kits for generating the - TNFRSF
antibody particles and compositions of the disclosure. In one embodinent, the kits comprise:

{0}  oneormore polyvpeptide comprising @ amme acid sequence af feast S0%,,
§5%, 60, 65%, TO%, T5%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%%, 96%, 97%, 98%

b

S9%, or 100% identical 1o the amino acid sequence selected from the group consisting of

SEQ 1D NOS1-9, wherein vesidues in parentheses are optional (1., not considered in the

porcent wdentity requivement), wherein the polypeptide is capable of {a) assernblmyg o a



HE

f—
L

24

o
]

36

WO 2021/252327 PCT/US2021/036117

homo~-polymier, and (b) binding 1o a constant region of w 1gG antibody; optionally the
polvpeptides as further Hmited in embodiment herein; and

b} o-TNFRSF antibodies comprising an anthody selected from the group
consisting of: Lob 776, Lucatunnwaah, Dacetuzumab, Sclicrelumab, Blesclumah, Uschuaal,
Utomilimab, Drozitumab, se TRAIL-Fo, KMTR2, 16E2, and Constivnuniab {also referred to
as AMG 655}, optionally as finther specified by the beavy and bght chain amne acid
sequences described above.

in this cmbodiment, when the two components are combined the particles
spantansously assemble via iteraction of the anttbadies or dimers with Fe binding isterfaces.

In another eimbodiment, the kits comprise:

{a}  host cclls capable of expressing one or mure polypeptide comprising an amine
acid sequence af least 50%, §5%, 6%, 63%, T0%, 75%, 80, BE%, 9%, 914, 92%, 93%,
a9 G885, BEY, 7%, GR%G, 99, or 160% identical to the amino acld sequence selected
from the group cousisting of SEQ 1D NOS:1-9, whercin reaidues i parentheses are optional
{i.0.0 not considered in the percont identity requirement), wherein the polypoptide s capable
of {a) assemblmyg hito a bomo-polymer, and {b) binding 1o a constant regron of an [pG
mtibody; optionally the polypeptides as further hited 1o any embodiment heren; and

{b}  hosteells capable of expressing oo TNFRSF antibodios compriging an antibody

7

selocted from the group consisting oft Lob 776, Lucatamantab, Dacetozumab, Sclicrehumab,
Bieselumab, Urclumab, Utomilomab, Drozitumab, se TRAIL-Fe, KMTR2, 1652, and
Conatumunab {also referred to as AMG 658); optionally as further speeified by the beavy
andt ight chain amine acid sequences described above.

In this embodiment, the two components can be produced by the host cells and then
combined so that the particles spontancousty assemble via interaction of the antibodies or
dimers with Fe binding mterfiuces.

As described 1 the examples, the particles have substantial internal vohame that can
be used to package nucleic acid or protein carge. Thus, i1 another embodiment that can be
combined with myy other embodinment, the particles comprise a carge within the particle
internal volume, Any suitable cargo wmay be packaged within the particles, including but not
{imited to nucleie acids or polypeptides vsefid for an imtended purpose.

The polvpeptides deseribed herein may be chemically synthesized or recombinantly
expressed. The particles, polypeptides polymers, monorers, antibodies, and/or dimers may
be hinked to other compounds to promote an increased half-hife 1n vive or promote increased
stabilifty or activity in blood or at an ijection site. Such Hnkage can be covalent or non-

40
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covalent as is understood by those of skill in the art, and may be accomplished, by way of
non-iimniting example, by methods including bat not hinuted to chemical crosslinking,
PEGylation, HESvlation, PASyiation, andfor glycosvation.

in another embodiment, one o more monomayr i the polypeptide polymer may be

Lo

linked covalently o cither the antibody o dimer, in order to ncrease halfelife i vivo or

promate increased stability or activity in blood or injection siie.

The phannaceutical compositions of the disclosure may comprise {a) the particles, or
composifions of any embodument or combination of embodiments herein, and (b} a
pharmacentically accoptable carrier. The pharmaceutical compositions may further comprise
1 {a) a byoprotectant; (b a surfactant; (v} a bulking agent; {d) » tonicity adjusting agent; {e}a

stabilizer; (f) a preservanve andfor {g) a buffer. In some embodiments, the buffer n the
pharmaccutical composition is a Tris buffer, a histidine buffer, o phosphate buffer, a citrate
Inffer or an acetate buffer. The composition may also inchade a Iyoprotectant, e sucrase,
sorbitol or frehalose. In cortain embodiments, the composition imcldes 3 proservative eg.

15 benzalkonium chlonde, benzethonnum, chlorohexadine, phenol, mecresol, benzyl alcohol,
methviparaben, propyiparaben, chlorobutanel, g-cresol, p-oresol, chlorocresol,
phenvimercaric nitrate, thimerosal, benzoic acid, and various mixtares thereof, Inother
embodiments, the composition includes a bulking agent, fike glycme. In vet ather
embodiments, the composition nclades a serfactant e.g., polyvsorbate-20, polysorbate-44,

20 polysorbate- 6, polvsorbate-63, polysorbate-80 polvsorbate-BS, poloxamer- LEE, sorbitan

monolaurate, sorbitan monopalmitate, sorbitan monostearate, sorbitan nwonooleate, sorbitan

trilaurate, sorbitan tristearate, sorbitan trioleaste, or a combination thercof. The composition
may also include a tonicity adjusting agent, e.g.. a compound that renders the formulation

substantially isotonic or isoosmotic with humarnt blood, Exemplary tomeity adjusting agents

fod
]

rlude sucrose, sorbitol, ghveine, methioning, mannitol, dextrose, inositol, sodium chiloride,
arginine and arginine hydrochionde. In other embodiments, the composition additonally
mclades a stabilizer, ¢ g, a molecule which sebstantially prevents or reduces chemical andior
physical instability of the nanosiructure, in vophilized or Hyguid form. Exemplary stabilizers
include sucrose, sorbitol, glycine, nositol, sodimm chlonde, methionine, argining, and
36 argtnine hydrochlonde.

The particles, or compositions may be the sole active agent in the composition, or the
composition may further comprise one ot more other agents suttable for an intended use.

As used herein, Mreat” or "treating” means accomplishing one or more of the

following: (3) redocing severity of symptoms of the disorder 1o the sabject; (b) limiting
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increase it symptoms in the subjeer; (o) ncreasing survival; (d) decreasing the duration of
symptoms: {¢) limiting or preventing development of symptoms: and (1) decreasing the need
for hospitalization and/or the length of hospitalization for treating the disorder,

As used berein, “hindting” means to hout development of the disorder in subjects at

visk of such disorder

Lo

As used herein, an “amount effective” refers than amount of the particle,
composition, or pharmaceutical composition that is effective for weating andfor limiting
developnient of the disorder. The particle, composition, or pharmacentical composition of
ay embodiment herein are typically formudated as a pharmacentical composition, such as

10 those disclosed above, and can be adounistered via any seitabie rowte, inclading orally,
parentally, by inhalation spray, rectally, or topically n dosage umit formulations contaimng
conventional pharmaccutically aceeptable camriers, adjuvants, and velueles. The term
parenteral as used herein includes, subcatancous, Intravenous, Inira-arterial, intramascular,
intrasternal, intratenclinous, intraspinal, intracrantal, intrathoracic, mftision techaigues or

15 intraperitoneaily. Polypeptide compositions may also be admimstered via nucrospheres,
liposomes, innmme-stinudating complexes (5CO0Ms), or other micvoparticudate delivery
systems or sastained rolease formulations infrodaced into suitable tissues (such as Bood).
Dosage regimens can be adjusted to provide the optimum desived response {e.g., a therapeutic
ov prophylactic response). A suitable dosage range may, for instance, be 0.1 peg'ke- 100 maty

20 body weight of the particle, composition, or pharmaceutical composition thereof. The
contposition can he delivered in a single bolus, or may be aduunistered more than once {e.g.,

2,34, 5, or more times) as determined by attending medical personnet,

Examples

frd
i

We set out to design proteins that drive the assembly of arbitrary antibodies into
symimetnie assembhios with well-defined stractures. We reasoned that symmetiic protein
assemblics coald be bult out of TeG antbodies, which are two-fold synumetric protems, by
placing the symmwetry axcs of the antibodies on the two-fold axes of the target architecte
and designing a sceond protein to hold the antibodies in the correct ortentation. As we aimed
30 for a format that would work for maany different mtibodics, we chose as the nanoparticle
interface the mteraction between the constant fragment erystaliizable (Fe} domam of 1gG and

the Fe-binding helival bundle protein AL

A general computational method for antibody cage design
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To design a homo-oligonier terminating with an Fe-binding interface that has the
correct geometry to hold the {gs m the correct relative onentation for the destred
architecture, we computationally fused three protoin butlding Mocks tegether: Fe-binders,
monomers, and homo~-oligomers. The Fe-binder forms the fivst nanocage interface between
the antibody and the nanocage~-forming design, the homo-oligomer forms the second
nanocags interface between designed protein chains, and the monomer links the nwvo
interfaces topether i the correct orientation to gencrate the desired nanomateral.

To geverate usable Fo-binding building blocks bevond protein A uself, we designed a
second Fo-binding building block by grafting e protein A mierface residues onto a dewgnied
helical repeat protein (Fig. 6). To create designs predicied to form antibody nanocages
{hereafter AbCs, for Anubody Cagel, we used a library consisting of these 2 Fe-binding
proteins . 42 de nove designed helical repeat protein monomers , and between 1-3 homo-
oligomers {2 C2s, 3 (35, 1 04, and 1 C8). An average of roughly 150 residues were available
for fusion per protein building block, averding alf positions involved i any proten~-profein
interface, leading to on the order of 107 possible tripartite {(Fe-binder'monomerthomeo-
ohigomer} fusions. For each of these tripartite fusions, the rigid body transform botween the
internal homo-oligomeric interface and the Fo-binding intertace is determined by the shapes
of each of its three building blocks and the locations and geometry of the “hmetions™ that link
them into a single subumit.

We ased a recently deseribed computational protocel {(WORMS) that vapidly samiples
all posathie fuatons from our mnlding bloek hibrary to wenttfy those with the net rigid body
transforms required 1o gonerate dibiedral, tetrahedral, octabedral, and wcosahedral AbCs {20,
213 To describe the fimal nanocage architectures, we follow a nanonge convention which
sununarizes the point group symmetty and the cyclic symmetnies of the building blocks. For
example, a T32 assembly has tetrahedral point group synumetry and is built out of 8 T3 cyelic
symimetnie antibody-binding designed oligomer, and the 2 eyclic symmenric antibody Fe
While the anttbody dimer aligns along the two-fold axis in all architectures, the designed
componcnt 15 3 second homodimer in D2 dibediad structures; 3 homottioer i T32 eteahedeal
structures, 032 octahedrsl structures, and 132 icosahedeal structures: ¢ homotetramer in 042
octahedral structures; and o homopentamer i 152 1cosahedral structures.

To make the fusions, the protocol fisst aligns the mode! of the Fe and Fe-binder
profein along the C2 axis of the specified architecture {Fig. 1a-b). The Fe-binder is then fused
to a monomer, which is in tum fused to a homo-eligomer. Rigid helical fusions are made by
superiposing residues i alpha hehieal secondary structure from each building block; in the

e
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resulting fused structure one building block chain ends and the other begins at the fusion
point, forming 8 new, continuous alpha helix {Fig. 1} For proper nanocage assembly to
ocenr, fusions are made so that the antibody two-fold axis and the symmetry axis of the
homo-oligonier intersect at precise angles at the center of the architecture (Fig. 1d). To
generate D2 dihedral, T32 tetrahedral, €32 or 042 octabiedral, and 132 or 182 jeosabedral
nanocages. the requived respeotive intersection angles are 90.80°, 54.7% 3537 45.0°, 2097,
and 31,77 We allowed angular and distance deviations from the ideal architectore of at most
5.7° and .5 A, respectively {see Methods). Candidate fusion models were further filtered
based on the nomber of contacts arowad the fusion junction (o gange structral nigidity and
clashes between backbone atoms. Next, the amine acid identitics and conformations around
the newly formed building block junction were optimized using the SymPackRotamersMover
in Rosetta™ to maintain the rigid fission peometry required for assembly (Fig, 1e). Following
seguence design, we selected for oxperimental characterization six D2 dihedral, eleven T332
tettahedral, four O32 octahedral, two Q42 cctahedral, fowrteen 132 wosahedral, and eloven

152 icosahedral designs predicted 1o form AbUs (Fig. 1)

Stractural characterization

Syunthetic genes encoding designed profein sequences appended with a C-terminal
pedustidine tag were expressed in B, colil Designs were pavified from clrified tysates using
wnobifized metal affinity chromatography (IMAC), and size excluston chromatography
{SECY was wsed as a final prrification step. Across all geometrivs, 34 oul of 48 AbU-forming
designs fiad a peak on SEC that voughly corresponded to the expected size of the design
model. Designs were then combined with human IpG1 Fe, and the assemblies were re-
porificd via SEC. Eight of these AbC-fornung designs gssembled with Fo into a specics that
cluted as a monodisperse peak at a volume consistent with the target nanoparticle molceular
weight (Figare 2a-b; 3 D2 dihedral, 2 T32 twtrabedval, 1 042 octabedral, and 2 152
iwosashedral AbCs). For the 152.6 design, adding 100 mM L-arginine to the asserably buffer
provented aggregation atter comnbining with Fop all other designs readily seif-assembled in
Trs-buffered saline. Most other designs still bound Fe, as ovidenced by SEC, native gels, or
by vistbly precipitating with Fe after combination, but did not form monodisperse
nanoparticles by SEC {Table 6), perhaps becguse of deviations from the target fusion

gemmelry,
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Geometry #ordered | Soluble component Good SEC component Forms cage with Fe
D32 dibedron & g 4 3
132 retrabedron 1l 8 7 2
332 octahedren 4 3 3 0
42 oetalwdion 2 H I 1
132 ivosadiedron 4 14 10 0
1533 ieosuhedron i i 10 2
Faad 48 42 35 &

Table 6. Success rates of designed antibodv-hinding cage-forming oligomers.

Sefubility (ool 3} relers © the presence of profoin i the pest-begs, post-cendrifugation, pre-IMAC soluble
fraction @ read out by S8 goll Good SEC component {columa 3) refers o 8EC fraces with some peak
correspunding to the approxumate predicted size of the ranecage-forming design model. Duta for cage formation
with Fo are shown in Fig. 2and 3.

NS-EM muicrographs and two-divensional class averages revealed nanocages with

<

fﬂ

N

shapes and sizes corresponding to the destgn models (Fig. 2e). AbCs also formed when
assembled with intact anobodies (1e3 with Fo and Fab domains), again generating
monodisperse nanocages as shown by SEC and NS-EM (Fig. 2d-¢). There is considerably
more evidence of Hexibibity in the electron micrographs of the IgG-AbCs than the Fe-ah(s,
as gxpected given the floability of the Fo-Fab hinge. In all cases, 21 class averages collected
front the NS-EM data of AbCs made with intact gl were still able to resolve density
corresponding to the non-flexible portion of the assembly (Fig. 2¢).

Single-particle NS-EM and crvo-EM reconstructed 3D maps of the AbCs formed with
Fe ave nclose agreement with the compatational design models (Fig, 3). Negative-stain EM
reconstractions for the dthedral (d2.3, 42,4, d2.7), tetrahedral (32,4, 132.8), and one of the
icosahedral (132.6) nanocages alearhy show dimerte U7 -shaped Fes and longer designed
protein regions that i together §s computationatly predicted. A single-particle eryo-EM
reconstruction for the 0421 design has clear density for the six designed tetramers sitting at
the U4 vertices, which twist along the edges of the octahedral architecture to bind twelve
dimerie Fos, leaving the eight C3 faces unoceupicd. Creo-EM density for 52,3 with Fo
likewise recapifudates the 20-faced shape of a regolar icosahedron, with 12 designed
peatamers profouding outwards af the CF vertices {due to the longer length of the €5 building
block compared to the monomer or Fe-binder), binding 1o 30 dimeric Fes at the center of the
edge, with 20 ynoccupied U3 faces. In all cases, the computationally designed models it

P

clearly wnto the EM densities

L



Lo

it}

Sy
LAy

WO 2021/252327 PCT/US2021/036117

Enhancing cell sipnaling with AbCs
The designed AbUs provide a general platform for investigating the effect of

assoctating cell surface receptors into clusters on signaling pathway activation. Binding of
antibodies to cell surface receptors can result in antagonism of signaling as engagement of the
natural ligand is blocked (25), While in some cases receptor clustering has beon shown to
result in activation (11, 26, 27}, there have been no systematic approaches to varying the

valency and geometry of receptor engagement that can be readily applied 1o many different
signaling pathways. We took advantage of the fact that almost any receptor-binding antibody,
of which thers are taany, can be readily assembled into 3 wide array of different architectures
using our AbC-forming designs to mvestigate the effect of receptor clustering on signaling.
We assembled antibodies snd Fo-fusions targeting a variety of signaling pathways into

nanoparticles and invostigated their effocts as described in the following pavagraphs.

Designed Tie2 agonists for the treatment of sepsis and ARDS

This work focuses on the use of antibody fragment orystaliizable (Fo)-fusions o

angiopoictin-1 F-domain to enhance anglogenesis signaling.

Tie-2 pathhway activation by Fe-Angiopoietin | nanocages
Certain receptor tyrosing kinases (RTKs), such as the Angopoetin-1 receptor {Tied),

activate downstrean: signaling cascades when clustered (31, 32). Scaffolding the F-domain
from angiopotetin-l (ATF) onto nanoparticles induces phosphorviation of AKY and ERK,
enhances cell migration and pube formation in vitro, and improves wound healing afler imjury
i vivo {32}, Therapeutios with these activities could be wseful n treating conditions
characterized by ooll death and inflarmnation, such as sopsis and acute respivatory distress

syngrome {ARDS). To deternune whether the AbC platform could be used o generate such
agonists, we assembled o421 and 1523 AbCs with Fe fusions to ATF (Fig. 4¢, Fig 4a-bh).
The octabedral and icosabedral AIF-AbCs, but not Fe-only controls or free Fe-AnglF,

significantly increased AKT and ERK /2 phosphorvlation above baseline (Fig. 4h-1) and

enhanced cell migration and vascular stability (Fig. 4i-k, Fig. 8c-d). These results show that
the AbCs are more potent inducers of angiogenesis than free ATF-Fe, and as the components

can be readily produced in large quantities, they are promising therapeutic candidates.
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TNFR superfamily agonism by antibody cages
The designed AbUs provide a general platform for investigating the offect of
associating cell surface receptors into clusters on signating pathway activation, Binding of

antibodies to cell surface receptors can resull in antagonism of signaling as engagement of the

Lo

uatural higand 1s blocked (6). There have been no systematic approaches to varving the
valenoy and geometry of receptor engagemant that can be readily applied to many differens
signaling pathways. We took advimtage of the fact that almost any receptor-binding antibody,
of which there are many, can be readily assembled into a wide areay of differont architectures
gsing owr AbC-fornung designs o nvestigate the effect of receptor clustening on signaling.
10 This work focuses on the use of antibodies targeting two Bamor necrosis family receptor

superfanuly members: Death Receptor 5 {DRS) and CD40.

Induction of fumer cell apoptaris by a-DR3 sumocages
Death Receptor § {DRS} is a tomor necrosts factor receptor {TNFR) superfamily cell
15 surface protein that inttistes a ¢aspase-mediated apoptotic signaling cascade terminating in
cell death when eross-hinked by 1ts trimenie native ligand, TNFarelated apoptosis-inducing
hgand {TRAIL)Y (9, 10, 27-30). Like other members of the fiimily, DRS can also form
alternative signaling complexes that activate non-apoptotic signaling pathiways such ag the
NF-xB pro-nflaramatory pathway and pathways promoting proliferation and migration upon
20 ligand binding (29). Because DRS is overexpressed in some tumors, multiple therapeutic
candidates have heen developed fo sctivate DRS, such as o-DBRS mAbs and recombinant
TRAIL, but these have fatfed clintcal trials doe to tow efficacy and the development of
TRAIL resistance in tumor coll populations (29, 361 Combining trimenic TRAIL with

hivalent - DRS TG Teads to a mueh stronger apoptotic responss than cither component by

Pt
(]

itself, bkely due to induction of larger-svale DRS clustoring via the formation of two-
dimensional arrays on the eell surface 37).

We investigated whether a-DRS AbCs formed with the same 10 {conatumupiab)
could have a sinular ant-tumor effect without the formation of unbounded wrays. Five
designs across four geometries were chosen (d2.4 832 .4, 1328, o42.1, and152.3) to represent
3 the range of valencies and shapes (Fig. 40). Al o-DRS AbCs were found o form single peaks
on SEC and yielded corresponding NS-EM micrographs that were consistent with the

fornation of assentbled particles (Fig, 2d-e).
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Al five a-DRS AbUs caused caspase 3/7-mediated apoptosis at similar kevels o
TRAN. i a colorectal tumor cell hine, whereas the anttbody alone or AbCy formed with bare
Fe did not Jead 1o caspase~-3/7 activity or cell death, even at the highest concentrations tested
{Fig. 4a. Ta-b). On the TRAIL-resistant renal coll carcinoma hine RCCH, we found that all a-
5 DRSS AbCs indaced caspase-3.7 activity (Fig. 4b) and designs 1324, 328, and 0421 gready
reduced cell viability at 1530 nM concentration (Fig. 4¢). Designs 132 4 and 0421 activated
caspase at 100-fold lower concentrations (1.5 nM), and prolonged treatment of RCC4 with a-
DRI AbUs 1324 and 0421 at 156 1M rosulted 1 the kilhing of nearly all cells aller six days,
suggesting that RCCY cells do not acquure resistance to the nanocages {Fig. 4e). Free «-DRS
10 anphody, TRAIL, (Fig. 4b-¢} or Fe-ondy AbCs (Fig. 4d, 7o) did not setivate caspase oy fead
to cell death in RCCS wamor coll nes.

We next mvestigated the downstream pathways activated by the @-DRS AbCs by
analyzing ther effects on cleaved PARP, a nreaswre of apoptotic activity, as well as the NF-
kB target oFLIP. Consistent with the caspase and cell viability data, od2.] «-DRS AbCs
mereased cleaved PARP, whule free o-DRS amtibody, TRAIL or 0421 Fo AbCs did not result

oy
L

ity an mnerease i cleaved PARP over baseline (Fig, 4f2). All other ceDRS AbCs were also
found to increase cleaved PARP (Fig. 7f). These resudts suggest that ¢-DRS AbUs may
evercome TRAIL resistance by inhibiiing anti-apoptotic pathways, which enhances the

1

apoptotic cascade indaced by DRS super-clustering. Finally, the DR AbCs did not induce

20 apoptosis in healthy primary kidney tubudar cells (Fig. 7d-c).

e CDMO panocages aetvale COS0-expressing CHO Cells
CD40, a TNFR superfumily member expressed on antigen presenting dendritie cells

and B cells, is cross-linked by trimeric CDR40 ligand (CD40L: or UD1534) on T cells, leading to

e
L

signaling and ccll profiferation (33, 34}, We investigated whether assembling a non-agonist
o~ D40 antibody (LOB7/6) inte nanccages could substitute for the need for celf swwface
presentation, Octahedral AbUs were assembled with LOBY/6 {o(s; SEC, dynamic light
scattering (BLSY, and NS-EM (Fig. Sa-d) charactenization showed these fo be monodisperse
with the expected octahedral shape. The octabedral a-CD40 LOB7/6 AbCs were found ©

30 mnduce robust CD40 actvation in CD40-expressing reporter CHO cells (32134, Promega), at
concontrations hundredfold loss than a control activating a-CD40 antibody (Promega), while

1o activation was observed for the free LOBT/6 antibody or octahedral AbC formed with
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non-CD40 binding 10 (Fig. Se, Table 7} This dewmonstrates that nanocage assembly

converts the non-aponist -CH40 mAb o 2 UD40 pathway dgonist.

ECS0 log(nM)

95% CI log(pM)

odd. 1 ol coniral -1 422

Tt Found

c-CIH0 1 466 L7 1 1R33
LOB7/6 -1.471 Not found
o421 LOBYE 0113410001058 16.0.2037

Table 7. ECSs from CIMD activation experiments, EOS0 values were foterpolated frony the respomse cprves

duternined using the bglagonistt v, response - Variable dope (four parameters) Mousing Graphpad Prism

Software

3

Ab reactivity | Ab subelass Pesigay {vadidated by SEC at Comments
minimun}

G-I mia{ilh 2.1 LR

-4 ndelilaar wd2.1 LOB TG or 8211

piit I8 {respechvalyd
e~IHS hlail 23,424,427 18324, 328, od2.1, conainreab
(b 152.3,150.6
-ERS Armenian hapster. | 334, 0431 M-
{ITOUSE ) 1
o-FGPR higGl wlgGIh cotnimuab
a-LRPS hlpdl 1324, 0421 YW2IIG08
a-BEVF Tt mpe§

523 4526

42,3, 42,4, d2.7,1382.4,132.8, 0421,

Neg-specific Rabbit Ig

did odd

Rathit serum gl

Table 8. List of antibodics formed Indo cages as verified by ot minimum size exclusinn chromatography.
Sncvessiblly formed cages (hy SEC) Histed by the antibody larget reactivity, antibody species and isobvpe, and

designs used.

Fe-fuston Hgand

Fe subclass

Besigns (validated by SEC af minimum)

Comments

Angiopoietin-1 F-domain

hipGl

d2.4,v32.4, 1328, 42,1, 15233

Anguofensin.
conrvering ey 2 (ACEY)

hiadil 42,
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CRY st od2d

miubyl higtl d2.4,132.4,132.8, 042.1, 1523
HGFEY WigGl d2.4,132.4,132.8, 042.1,152.3
VEG higGal 132.4, 042.1

VEGE-¢ hip(al 1324, 042.1

Table ¥, List of Fo-fusiony formed into cages as verified by w1 minimum size excluving chremstography.
Successiully Bamed cages (hy SEC) Hsted by the hgand thad was fused to Fo, the Fe sequence species and
sotype, and destgns used

Discussion

Qur approach goes beyond previcus computational design efforts to create fimetional
nanomaterials by itegrating form and function: our AbUs employ antibodies as both
structural and funcuonal components. By fashioning designed antibodyv-binding, cage-
fornung oligomers through rigid helica! fusion, a wide range of geometries and orientations
can be aclieved, This design strategy can be goneralized to incorporate other homo-
eligomers of nterest ixo cage-hike architectwes. For example, nanovages could be
assembled with viral glycoprotein mutigons using components forminating in helical antigen-
binding proteing, or from synunefric enzymes with exposed hebiees available for fusion to
maximize proxinuty of active sites working on successive reactions.  The AbCs offer
considerable advantages in modularity compared to previons fusion of functional donmain
approaches: any of the thousands of known antibodies veith sufficient protem A binding can
be simply mixed with the appropriate design to dove formation of the desived symmetrie
assemibly, and we bave demonstrated this principle vsing sudtiple ditferent 1¢Gs and Fe-
fusions (Tables 8-93. FM and SEC demonstrate monodispersity comparable (o IeM and not
{10 owr knowledge) attained by any other antibody-protein nunoparticle fonmulations,

AbCs show considerable pronuse as signaling pathway agonists. Assembly of
antibodies agamst RTK- and TNFR-fanuly cell-surface receptors mto AbCs led to activation
of diverse downstream signaling pathways ivelved 1o ccll death, proliferation, and
differentiation. While antibody-mediated clustering has been previously found to activate

.
.!

signaling pathways (11, 27, 33), our approach has the advantage of much higher structural
hontogenctiv, allowing more precise tuniny of phenotvpic effects and more controlled
formudation. AbCs also enhanced satibody-mediated viral nvutralization. There are exsiting
apphications to targeted debivery, as the icosaledral AbCs have substantial internal volume

faround 13,000 mm3, based on an estimated Interior radius of 13,3 nm} that coudd be ased o

30
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package nuclere acid or protein cargo, and achieving different target specificity in principle is
as sumple as swapping one antibody for another. We anticipate that the AbCs developed here,
corpled with the very large repertoire of existing antibodies, will be broadly wseful acress a

wide range of applications in biomedicing,

Lo
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Materials and Methods

Computational desion and testing of Fo-binder behieal ropeat protein (DHR79-FeR)
The orystal structure of the B-domain from S averens protein A n complex with Fo

fragment (PDB 1D: 1L6X) was relaxed with structure factors using Phenix Rosetta™ (39,

40). Bricfly, the RosettaSeripts™ MotifGraft mover was used 10 assess suitable solutions to
36 inscrtions of the protein A binding motif extracted from 1LOX into a previously reponted

designed helical repeat protein (DHRTY) (17). Specifically, a nunimal protein A binding

matt! was monually defined and extracted and used as a template for full backbone alignment

of DHR 79 while retaining user-specitied hotspot residues that interact with the Fe donmain in

the ervstal structure at the Fo/DHR mterface and retamning native DHR residues i all other

L
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positions. The MotifGraft alipmment was followed by 5 tterations of FastDesign and §
iterations of FastRelax in which the DHR side chain and backbone rotamsers were allowed to
mirve while the Fo context was compleiely fixed, The best designs were selected based on a
list of heuristie filter values. See supplomentary materials for the full XML file used doring
design. Fig 61a shows the design model of DHR79-FeB,

Designs were inttially assessed via veast sarface display binding to biotinylated Fo
protein. Upon confinmation of a qualitative binding signal, the design was closed nto a
pET29b expression vector with o C-ierminal His-tag. The protein was expressed in BL21
DES fn avtoindaction mediam (16wl S0xM, 10 mi, SOx3032, 480 ml almost TB, Ix
chioramphenteol, 1+ kanamycin} for 20 hours a0 2770 at 225 rpm (41}, Cells were
resuspended in bysis boffer 20mM Tris, 300mM NaCl, 30mM tmidazole, M PMSF, 5%
ghycerol (v/v), pH 8.0) and lysed using a microfluidizer at 18000 PST. Sohuble fractions were
sepavated via contrifugation at 24 000x g IMAC with Ni-NTA batch resinwas used for invnial
putification; brefly, nickelmitrilotriacetic aoid INFNTA} rosin was equilibrated with binding
buffer (20mM Tris, 300mM NaCl, 30mM umidazole, pH 8.0}, soluble lysate was poured over
the cohonns, colummng were washed with 20 columm volumes (CVs) of binding buffer, and
cluted with § CVs of clution buffer 2mM Tris, 300mM NaCl, 300mM inidazole, pH &.0),
Size exclusion clvomatography (SEC) with a Superdex 200 colunmy was used as the polishing

tep (Fig 6b). SEC buffer was 20 mM TrisHC pH 7.4, 150 mM NaClL

Affinity of DHR79-FcB to biotinyvlated 1gG1 and biotimvlated Fe protein was assessed
using Ootet™ Biolaver Interferometry (BLI)Y. DHR7S-FoB exhibits a 71.7 nM affinity to

IeG1 {fol antibody) and a 113 oM affinity to the 1gG1 Fo protein (Fig 6o),

Compotational Desien of Antibody Nanocages

input pdb files were compiled to use as building blocks for the gencration of antibody
cages. For the protein A binder model, the Domain D from Staphyiococons aurens Protein A
(PDB ID 1DEE) was aligned to the B-domain of protein A boand to Fo {PDB D 1L6X) (16,
39}, The other Fe-binding design stracture, where protein A was graficd argo a helical repeat
protem, was also modeled with Fo from 1LaX. PDB file models for monomeric helical repeat
protein Tinkers {42) and eyvelic oligomers (2 T2, 3 C3s, 1 C4, and 2 C35) that had at least
been validated via SAXS were compiled fron previous sork from owr lab {1719 Building
block models were manually inspected to deternune which amine acids were suitable fiw

making fusions without disrupting existing protein-protein interfaces.
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These building blocks were used as inpats, along with the specified geometry and
fosion orientation, into the alpha helical fuston software (Supplementary Text for a
description on how to operate WORMSY (26, 21). Fusions were made by overlapping helical

segments at all possible allowed asmpo acid sites. Fusions are then evaluated for deviation for

Lo

which the oyclio symmetry axes intersect according (o the geometric criteria; D2 T32, 032,
042, 132, and 152 inforsection angles arc 45.0°, 3475, 35.3° 45.0%, 2097, and 31.7%,
respectively (22) with angular and distance tolerances of at most 5.7% and 0.5 A respectively,
Post-fusion pdb files were munually filtered fo ensure that the N-ternund of the Fo domains
are facing outwardy from the cage, so that the Fabs of an 1gG would be external 1o the cage

10 surface. Sequence design was performed using Rosetia™ synmiciric sequence design
{SymPackRotamersMaover in RosettaScripts™) on residues at and avound the fusion junctions
{42}, with a focus on maintaiming as many of the native residues as possible. Residues were
redesigned if they clashed with other residues, or if thetr chemical exvirorment was changed
after fusion {e.g. provinushy-cove facing residucs were now solvent-exposed), Index residue

18 selectors were used to prevent design at Fe residue postions,

Structural charcterizatnion of anttbody nanocages

Genes were codon optinnzed for bactertal expression of each designed antibody-
nanocage forming oligomers, with a C-tevminal glveine/serine Hoker and 62 Cotermunal
20 hstdine tag appended. Synthetic genes were cloned into pet?9h+ vectors between Ndel and
Xhol restriction sites; the plasrowd contains a kanamycmn-resistant gene and T7 promoter for
protin expression, Plasmids were transformed into chentically competent Lemo2 {DE3) £
coli bacteria using a 1 5-second beat shock procedure as described by the manufactrer {(New

England Biolabs}), Transformed colls wire added to auto-induction expression media, a8
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deseribed above, and incubated for 16 hours at 37°C and 200 rpm shaking (41). Cells ware
pelieted by centrifugation at 4000>g and resuspended o tysis buffer (130 M NaCl, 25 mM
Tris-HCL pH 8.0, added protease inhibitor and DNAge). Sonfcation was used to lyse the cells
3t §5% amphitude, with 135 sccond oot oycles for a total of 2 nuinutes of sonication fime,
Soluble material was separated by contrifugation gt 16000z, IMAC was used to separate out
36 the His-tageed protein in the soluble fraction as described above. IMAC chitions were
concentrated to approximately | mi using HHK MWCO spin concontrators, filtered throughi a
0.22 M spin filter, and run over SEC as a final polishung stop (SEC running buffor: 1530 mM

NaCl, 25 mM Tris-HCY, pH 8.0).
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Designs that produced monodisperse SEC peaks arowid their expected retention
volume were combined with Fe from human {gGL Fe was produced recombinantly either
usinyg standard methods for expression in HEK293T cells or in £ codi {431, Cage components
were incubated at 4°C for at munimuom 30 minutes. 100 mM L-arginine was added during the
assembly o AbUs formed with the 132.6 design, as this was ohserved to maxinuze the
formation of the designed ALC 152.6 and minimize the fornation of visible “crashed out”
aggregates (23}, Fe-binding and cage fonmation were confirmed via SEC; carlier shifts in
retention time (compared o cither component run alone) show the formation of a larger
structhre, MNS-EM was used as previously described to confiom the stroctures of designs that
passed these steps.

For confirming AbC structuves with tntact 1gGs, buman TgGl hlgG1) was combined
with AbU~forming designs following the same protocol for making Fo cages. This assembly
procedare was also followed for all TeG or Fe-fusion AbCs reported hereafter. The data in
Figure 2d-¢ shows Abs formed with the o-DRS antibody AMG-635 (23 for the following
dosigns; d2.3, d2.4, 42.7, 132.4, 0421, and 152.3, The data for 32,8 and i532.6 designs shown
i Figwe 2d-e 15 from AbCs formed wath the hlgGl antibody mpel {44), Tables ¥ and ¥ show
the st of 12Gs and Fe fostons that have been formed into AbCs.

Dynamic light scattering measarements (DLS) were performed asing the defaclt
Sizing and Polydispersity method on the UNcle™ (Unchained Labs). 8.8 pl. of AbCs were
pipetied into the provided class cuvettes. DLE measurements were run i triplicate at 25°C
with an meebation time of | second; rosults were averaged across rung and plotied using
Graphpad Prism. The estimated hydrodynamic diameter is histed next to all DLS peaks shown

below,

NS-EM analvsis of Fo and 1oG AbCs

For all samples except o421 Fo and 132.3 Fe, 3.0 ull of cach SEC-purified sample

between B.008- 0.014 mygymb mn TBS pH B.0 was applied onto a 460-nwesh o 200-mesh Cu
erid glow-dischatged carbon-conted copper grids for 20 scconds, followed by 2% application
of 3.6 ull 2% nano-W stain. Micrographs were recorded using Leginon software on a 120kV
FEI Teenai G2 Spirit™ with a Gatan Ultrascan™ 4000 4k ~ ¢k CCD camera at 67,000
nominal magnification {pixel size 1.6 ,i‘;s"piaxe!%} or $2.000 nominal magmification (pixel size
2.07 Ay at 3 defocus range of 1.5 - 2.5 wm. Particles were picked cither with DoGPicker or
cis TEM; hoth are reference-free pivkers. Contrast-transtfer function was estimated using
GCTF or eisTEM, 2D class averages were generated in eryoSPARC or in cisTEM.

2

£



La

WO 2021/252327 PCT/US2021/036117

Reference-free ab inigo 3D reconstruction of selected 20 class averages from each dataset

was performed in cryoSPARC or in eisTEM {Table 10}
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Table 18, Details on data acquisition and data processing of different navocages samples.

Crvo-EM analvsis of o4 1 and 152 .3 AbCy

3.0 uk of 1323 Fo sumple at 0.8 me/mb in TBS pH 8.0 with 100mM Avginine was
applied onto C-flat 1. 2pom glow-discharged copper grids. Grids were then phlunge-frozen in
higuid ethane, cooled with hguid mirogen using and FEI MK4 Vitrobot with a 6 second

blotting time and ) force. The blotting process took place inside the Vitrobot chamtber at
20°C and 100% humidity, Dats acquisition was performed with the Leginon data collection
software on an FEI Talos electron microscope at 200k V and a Gatan K2 Sumnit camera. The
nontnal magnification was 36,000 with a pixel size of 1.16 A/pixel. The dose rate was
adjusted o 8 countsipinelss, BEach movie was scquired in counting modo fractionated in 50
frames of 260 me/frame. Frame alignment was performed with MotionCore2. Particles were

marually picked within the Appion interface. Defocus paruneters were estiroated with



WO 2021/252327 PCT/US2021/036117

GOTF. Reference-free 2D classificstion with eryoSPARC was used to select a subset of
particles for 4h-Iniio 3D reconstraction function i crvoSPARC,

A sunmmary of data acquisition and processing is provided in Table 11

Lo

DIRS and ALF-Fe experments

Cell caltare

Colorectal adenocarcinoma cell hne-Colo2(5, and renal cell carcinoma cell ling
RCCHA were obtained from ATCC, Privsary kidoey tubular epithelial eolls RAMDOY were a
aift from Dr. Akdesh (Untversity of Washington}. Tolo203 cells werg grovwn wn BRPMLL640

10 medipm with 10% Fetal Bovine Seregn (FBS)Y and ponciliin/steeptomyoan, RCCS cells wire
grown in Dutbeeco’s Modified Eagle’s Medionm with 10% FBS and penicillin/streptomyocin.
RAMBOY were grown in RPMI wath 10% FBS. ITS-supplement, penicillin/streptomyocin and
Non Essential Anuno Acids (NEAAY Al cell hines were muntained at 370 ina nomidified
atmosphere comaining 3% CO2.

18 Human Umbilical Vain Endothelial Cells (HUVECs, Lonza, Germany, catalog #
CRSIBAS) were grovn on (L15% golatinecoated 35 mum cell cudtane dish in BEGM2 omedia
Briefly, EGM2 consist of 209 Fetal Bovine Seram, 1% penicillin-streptomycin, 1%
Glutamax (Gibeo, catalog #35050061), 1% endothelial cell growth factor (31}, TmM sodium
pyruvate, 7.5mM HEPES, 0.08mgAml heparin, 8.061% amphotericin B, a mixtore of 1< RPMI

20 1640 with and without glucose to reach 5.6 mM glucose concentration in the final vohane.
Mediy was filtered through a 0.45-auerpmeter filter. HUVECs af passage 7 were wgilized m
Tie2 sigmahing and cell migration experiments. HUVECs af passage 6 were used in tube

L

formation assay.

frd
i

Caspase 37 Glo assav

Cells were passaged wsing trypsin and 20,000 cells‘well were plated onto 3 96-well
white tissue cultwre plate and grown in appropriate media. Mediom was changed the next day
(130 pLAvel]) and cells wore troated with cither uncaged o-DRS AMOS3S antibody (150aM),
recombinant lusman TNF Related Apoptosis fnducing Ligand (thTRAIL; 150aM), Fo-only

30 AbCs or o-DRS AbCs {130nM, 1.5a0M, 13pM) and incabated at 37°C for 24 hows, The
following day 100 pLiwell of caspase GLO™ reagent (Provnega, USA) was added on top of
the media and incubated for 2 hours at 37°C. Luminescence was then recorded using Perkin
ExnVision nncroplate reader {Perkin Elmer). Statisticad comparisons were performed wsing
Graphpad Prism™ {see Table 11 for full detaif),
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Table 11. Statistical information for DRS experiments.

Titer Glo cell vigbility assay (4 day viabiling

Cells were plated ongo a 96-well plate at 20,000 collsfwell. The sext day, cglls were
treated with 150aM of o-DRS AbCs, thTRALL and o-DRS annbody fir 4 davs. Atday 4, 100
pl of Cell Taer-Glo reagent (Promega Corp. USA, #37570) was added to the 106 gl of
media per well, menbated for 18 min at 37°C and lununesconce was measared using a

Perkin-Elmer Eovision plate reader.

Alamar Blue cell viability assav {6 dav viabilibg)

Cells were sceded onto a 12~well tissue culture plate at 0,000 cells/well, The next
day, colls were treated with - DRS AbCs, rhTRAIL, or -DRS gotibodies at 150 oM

ged at 36,000 cellsfwell and treated with 150

concentration. Three days Iater, cells were passa
oM of a-DRS cages, thTRAIL and o-DRS antibody fir 3 days. A6 days, the modia was
replaced with 450 ulAwell of fresh media and 50 pl. of Alamar™ blue reagent { Thesmofisher
Scientific, USA, #DALIIZS) was then added. After 4 howrs of tncubation at 379C, 538 ud. of
media was transferred nto a 96-well opague white plate and fluorescence intensity was

measured using plate reader according to manufactarer’s instractions.

Proseiis analvsis

{ells were passaged onte a 12-well plate af 40,000 celisfwel]l and were grown until
0% conflucncy is reached. Before weatment, the moedia was replaced with S00 pb of fresh
media. For DRS expeniments, AMUG-653 antibody and thTRATL were added at 130nM
concentration and Fe-only nanocages or @-DRS nanocages were added at 130aM, 1.5nM and
15pM concentration onto the media and incubated for 24 howrs at 37°C prior to protein
solation.

Media contaiming dead cells veas transferred to a {.5mi Eppendort tube, and the celfs

were gently rinsed with 1 x phospbate buffered saline. D¢ trypsin was added to the cells for 3
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min. All the cells were collected into the 1.AmL Eppendorf containing the medivm with dead
codls. Cells were washed once i PBS Ty and fyvsed with 70 pL of tysis buffer containing 20
i Tris-HOY (pH 7.5), 136 mM NaCl, 13% Gleeorol, P Triton, 3% 508, 25 ;M E:‘ﬁ-
ghycerophosphbate, S6mM NaF, 10mM Sedium Pyrophosphate, 0.5% Qrthovanadare, 1%
PMSF (all chemicals were from Sigma-Aldrich, St Lowis, MO), 25 U Benzonase Nuclease
{EMD Chemicals, Gibbstown, NI}, protease inhibitor cockiail (Pierce TM Protease Inhibitor
Mimi Tablets, Thermo Scientific, USA), and phosphatase suhibitor cocktait 2
{cataloghiPST726), In their respeetive tubes. Total protein samples were then treated with | ul
of Benzonase (Novagen, USA)Y and ingubated at 37°C for 10nun. 216 pl of 4y Lacmmldi
Sample bufter {Bio-Rad, USA} contaming Hi% beta-mercaptocthanod was added to the cell
tysate and then heated at 93°C for 10 mimutes. The boiled samples were either used for

Western blot analvsis or stored at ~80°C.

Production of AUF-F¢

Synthetic genes were optinunzed for mammalian expression and subcloned mto the

CMVR veotor (VRO S4i0; PR 150347

63, Xbal and Aoll restriction sites were used for
msertion of A1F-Fo. Gene synthesis and cloning was ps:rfom}ed by Genseript, Expt 293F
cetls were grown in suspension using ExpiZ93 Expressicn Medion { Thermo Fisher
Scientific) at 150 RPM, 5% €Oz, 70% humidity, 37°C. At confluency of ~2.572 1 celisiml.,
the cells were ransfected with the vector encoding ATF-Fe (1000 pg per | L of cells) using
PEI MAX (Polyscionces) ax a transfoction reagent, Cells were incuabated for 96 hours, after
which they were spun down by contrifugation {(4,000xg, 10 mun, 4 °C) and the protein-
contaming supematant was further clartfied by vacouns-filtration (0.435 um, Mithpore Sigma).
In preparation of nickel-attnity chromatography steps, 36 mM Tris, 336 mM NaCl, pH 8.0
was added to clarified supematant. For each fiter of supernatant, 4 mL. of Ni Sepharose™
excel resin (GE} was added to the supernatant, followed by overnight shaking at 4 7C. After
16-24 hoars, resin was collected and separated from the mixtore and washed twice with 50
mdd Tris, 500 mdM NaCl, 30 oM imidazole, pH 8.0 priov 1o chatton of desived protein with 50
mbd Tris, 300 mM NaCl, 300 mM inidazole, pH 8.0, Eluates were purified by SEC using a

Superdes™ 200 Increase colunm.

Western blotting

The protein samples were thawed and heated at 95 °C for 10 punuotes. 10 ul of
protein sampie per well was loaded and sepavated on a 4-10% SDS-PAGE gel for 30 mimutes

63
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at 250 Volt. The proteins were then transferred onto a Nivocelulose membrane for 12
muetes using the semi-dry turbo transfer western blot apparatus (Bio~-Rad, USA}. Post-
transter, the membrane was blocked i 5% nonfat dry milk for 1 hour. After 1 hour, the
membrane was probed with the respective antibodies: cleaved-PARP {Cell Signaling, USA)
at 1:2000 dilution; oFLIP (R&D systems, USA) at 121000 diluton; pERK 2 {Cell Signaling)
at 13000 dilution; pFAK {Cell Signaling) at 111000 dilution; p-AKT(8473) (Cell Signaling)

—

Lo

P

at 112000 difution; and actin (Cell Signaling, USA) at 110,000 dilution. Separately, for p-
AKT(5473) the membrane was blocked n 5% BSA for 3 bours followed by primary matibody
addition. Membranes with primary antibodies swere incubated on a rocker a1 4°C, overnight.

i Next day, the membranes were washed with = TBST (3 nimes, 10 ounates intervaly and the
respective HRP-conjugated secondary antibody (Bio-Rad, USA) (110,000) was added and
incubated at room temperature for 1 hour. For p-AKT(3473), following washes, the
mambrane was blocked i 3% milk al room temperatarg for | howr and then moeobated a the
respestive HR P-conjugated secondary antibody (1:2000) propared m 3% milk for 2 hours.

15 After sccondary antibody incubation, all the membranes were washed with 12 TBST (3
times, O minutes suterval) and developed wsing Laminod reagent and imaged wsing Bio-Rad
ChemiDac™ Imager. Data were quantified using the Tmage)™ software to analyze band
mtensity. Quantifications were done by caleulating the peak area for each band. Each signal
was normaltized to the actin quantification from that lane of the samwe gel, to allow for oross~

20 gel comparisons. Fold-changes were then calonlated compared to PBS for all samples except
for the pAKT reported fir the ATF-Fo western blot {there was not enough pAKT wpnal for
comparison, so 042.1 AIF-Fe wag nsed for normalization). Statistical comparisons were

performed using Graphpad Prism™ (see Tables 11, 12 for full detail}.

frd
i

Cell migration (Cscratch”™) assay

Passage 7 HUVECs were seeded onto 35mm, 0.1% gelativ-coated plates and audtwred

i EGM-2. Once a monolaver of cells has been established, a scrateh is made on the cell laver
using a 200wl pipette tip. Media s changed to DMEM Low glucese suppleomented with 2%
Fetal Bovine Serum. Scaffolds were added into the media at 18 aM ALF-Fe concontrations,

36 The umaging was performed in Letea Microseope at 10X magnification under phase contrast
at O and 12 howrs, The images are quantified using Imagel software to caleulate the level of
cell nugration as 3 ratio of change m wound area to mitial wound area. Lovel of cell
migration is normalized to PRS. Statistical comparisons were performed using Graphpad
Prism (sce Table 12 for sl detal),
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Mean
Conditien | n st ciaparsd | @ Sumpusey
ke

Adjusted
Pealae

Experiment
(Fig.)

freay ANDVA
ris 13 | wath posti-hoo N/A N/A N/A N/A
Punnelt

by ANOV A
AlFFe 3 | with post-hor PBS 0.05 | ns >{).9999
Diunnett

bway ANCVA
wdd. 1 Fe 4 | with post-hos PBS 0.05 | ns >0.9999
Dumnett

baay ANOVA
with poast-hos PBS 0.05 | ns >0.9999
Dunnett

PAKT (41, {0, -
e (HE)) s

v
t
-
7
-
>

Prvay ANOY A
9 | with post-hoe PBS 0.05 | F*** <0.0001
st

od2. ALE-

Fe

Pway ANOVA
with post-Tae PBS 0.05 | H#xx <0.0001
Dunnett

92,3 ATE-
e

fed

Fway ANOVA
HE-ALF 4 | with posi-hoe PBS 0.05 | wwnx “0.0001
Prugnett

Pway AMOVA
PBS 13 | owith post-hioe N/A N/A N/A N/A
Praaneti

Freay ANOVA
with pust-hoe | PBS 0.05 | ns ©.9997
Dunnett

AbF-Fe

)

Feeay ANDVA
a3 Fe 3 | with post-hoc PBS 0.05 | ns 0.9957
Drupyeit

Fway ANOVA
1533 Ye 3 | with postehoe PBS 0.05 | ns 0.9997
Dunmeit

pERK -2
(dy; S dHEN

Pway ANIIVA
9 with post-boc PBS 0.05 | ** 0.0032
Danneit

od2 1 Al

Fe

Fway ANOVA
& | wathpost-hoe | PBS 0.05 | *x#F <0.0001
Punueit

I3 ALE-
Fo

bway ANOVA
HE-ALF 6 | with post-hoe PBS 005 | * 0.0112
Dot

by ANOVA
PHE 7 | with poast-hoe N/A N/A N/A N/A
Dhsnnett

Pway ANOYA
Vascular AlF-Fe 6 | with post-hios PBS 0.05 | ns 0.9932
stability Dhwnett

{4k B¢ Py ANOVA
(HER ad2.1 Fe 4 | with post-hog PBS 0.05 | ns >0.9999
Phinnetd

Pwae ANOVA
1323 Fe 3 with post-hioe PBS 0.05 | ns 0.8699
Drunnett
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way ANV A
G421 ATE- Sway ANOVA

Yo & | with post-taxe PBS 0.05 | #H* 0.0006
- Dhutisett
- ; Paay ANOYVA
SEY T 3 A
;.f"j““"‘m § | with posthoe | PBS .05 | wwwx =0.0001
N Dunnet
Pway ANOVA
HE-ALY 4 | with post-hioe PBS 0.05 | * 0.0208
Phionetd
Lway ANOVA A
PRS 3 | with posihoe | 0421 AL 0.05 | *x <0.0001

Dranmett Fe

o421 ALE- 042.1 AIF-

Yo 3 | withi pust-hine Fe 0.05 | N/JA N/A
¢ Dyt v
N Fway ANDVA
PARTEES 1y 3 | with postchoe | 021 ALE 0.05 | =¥ 0.0002
e Drasnent Fe
a2 1 ALE- Fway ANOVA
3 2 -
Fe (0% 1S 3| with posthoe | OFZTAIE 0.05 | ns 0.9431
$°C Dt fe
471 AT Pwvay ANOVA b 0
;‘i}é: ii\ 3 | with post-hoe ’;:‘“I A G035 | ns GR998
e Prummett ‘

Table 12, Statistical iformation for ATF-Fe experiments,

Tube formaton assav {vascular stabilityd

Tube formation was done with modified protocol from Liang et al., 2007, Briefly,

L

passage & HUVECs were seeded onto 24-well plates precoated with 150yl of 100% cold
Matrigel ™ (Comning, USAY at 130,000 cells/well density along with scaffolds at 8% nM ALF-
Fr concentrations or PBS in low ghwose DMEM medium supplemented with 0.5% FBS for
24 bours. At the 24 hour thae point, old media 1z aspirated and replaced with frosh media
without scaffolds. The cells continue to be tncubated up to 72 bows. CUells wore maged at 48-
Hy howr and 72-hour time points wsing Letca Microscope at 10X magnification under phase
contrast. Thercalter, the tubwdar formations were quantified by calculating the nomber of
nodes, meshes and tobes using Angiogenests Amalyzer plogin in buage J software. Vascular
stability 15 caleulated by averaging the mumber of nodes, meshes, and tubes then normalinng
to PBS. Statistival comparisons were performed using Graphpad Prism™ (sce Table 12 for

15 full detal).

Inunune cell aetivation matenals and methods

UD40 hanincscence assay

A non-agomstic antibody {clone LOBTV/6, produwt code MUALS9QT, BioRad), was
20 combined with the octahedral 0421 AbU-forming design as deacribed above and the AbGs
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were chavactorized by DLS and NS-EM (Figure 5} Negative control 042.1 AbC was made
asing a now-CD40 binding (oG {mpek), which binds to RSV spike protein (43}, These two
AbUs, along with uncaged LOBT/6 and a positive contrel UD40-activating 1pG {(Promegs,
catalog #KTIRAY were dituted to make o 10-pomnt, threefold dilution series for wiphicate
technical repeats stavting at 1.2 pM. The positive control CD40~activating IgG (K1 1RAY s a
marine 1glla antibody, and 30 i was not compatible for sssembly with the 042, 1 design,
ikely due to the low binding interface between protein A and milgGia (data not shown),

To assay C40 activation, we followed manufacturer’s instructions for a
biotuminescent cell-hased assay that measuwres the poteney of CDH response to external
stirneli such as lghs (Propsega, JAZ131Y Brictly, CDS4 effector Chinese Hamster Ovaty
{CHO) cells were cultured and reagents were prepared according to the assay protocel. The
antibodies and AbCs were incubated with the CD40 effector CHO cells for 8 hows a2 37°C,
595 CO2. Bio-Glo™ Luciforase Assay Svstem (G7941) included in the assay kit was used to
visualize the activation of CD40 from lumincescence readout from a plate reader, The Bio-
Glo™ Reagent was applied to the cells and fuminescence was detected by a Synergy Neo?
plate reader every min for 30 minates. Data were analyzed b averaging luminescence
betweesn replicates and subtracting plate background. The fold indaction of CD40-binding
response was determined by RLU of sample normalized to RLU of no antibady controls.

Data curves were plotted and EC30 was calculated using GraphPad Prism™

using the
foglagonist) vs. response ~ Variable slope (four parameters); see Table 7 for BCS0 values

and 95% CI values.
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We claim
i A particle, comprising:
{a) a pharality of polvpeptide polymers, wherein
{1 gach monomer in the polymoers comprises an annino acid sequence at

TOU. TS, B0, $5%, 00%, Y194, 9296, 93%, 94%, 9525, 96,

S8%..00%, 639,

feast S0%;,

9T7%, O8%%, 989%, or 1% identical to the amine seid scquence of SEQ 1D NO:
(11} cach monomer in the polymers comprises an amino acid sequence at

lonst 50%%, 35%, f}ﬂ,u ffwu ?{}qm 5 ,n RO, ﬁ""“n ‘*}U,ﬂ G, 92‘39‘ .}.'9;; G4y, U5 “}{'),ﬂ

7%, 9&%, 99%, or 160% identical {0 the anuno acid sequence of SEQID NG2;
(111} each monmmer in the polvimers comprises an aming acid sequence at

feast S0%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, D0%, 91%,, 93%, 93%, 94%, 5%, 6%,

97%, 8%, 99%, or 1% wdenticnd to the anuno acld sequence of SEQ IDNO:3,

(iv}  cach monomer in the polymers comprises an amino acd sequence at
least 5{}%: 53%, 60%, 65%, T, 73%, 80T, 85%%, S0%, 91%, 92%, 93%, 4%, B5%%, WOl
G7%, 98%, 99%, or 100% identical to the aming acid sequence of SEQ 1D N

(v} cach monomer in the polviners comprises an aming acid sequence at
loast 50%, S5, 600, 68%,, TOM, T3%, SO%, K3%, 000, 9195, 92%, 93%, 94%5, 05%, 9a%,

97, 98%, 99%, or 160%: wlentical fo the amine acid sequence of SEQ 1D NG:S;

{vi:_} each mononwer in the polyvmers comprises an amino acid sequence at
feast S0%, S58%, 60%a, 65%, T0%, 75%, B0%, 85%, 90%, 1%, 929, 839, B4%, 95%%, 96,

97%%, 98%%, B8, or 1% wdentical to the amine aoid sequence of SEQ 1D MO,

(vir} ecach monomer in the polymers comprises an sunino acid sequence at

Jeast SO%. 55%, 6%, 65%, T0%. T5%. S0%, B5%, D010, 91%%, D2%, 93%. 94%, 05% 96%,.

O, G8Y:, 99%, or 100% dentical to the anuno acid sequence of SEQ D NQe7;

(vi}} cach monomer in the polymers comprises an amino acid sequence at
feast S0%, S5%, 60%a, 65%, 70%, 75%, 80%, 85%, 0%, 1%, 92%, 93%, 94%, 95%, 96%,
U7%, 988, 99%, or HXI% dentical to the amino acid sequence of SEQ 1D NO:B or
(ix)  cach mononwer in the polymers conprises an amino acid scquence at
lcast :‘;(}Q’u ‘;5“0‘ f){lu().. H3% w, f U” TR o, RG% , 8A%; (N 0% s ‘}lﬂu 02”9 Q3% ‘.}-‘}Q %, "‘”0 6% oy
7%, 98%, 99%, or 100% identical 1o the amino acid sequence of SEQ 1D NO9;
wherein residues in parestheses are optional (e not considered in the pereend
identity requurement); and
{by  aplurality of (i) Tie2 receptor antibodics comprising Fo domains, andfor (i)
dimers of fibrinogen-like domain derived from angiopoietin (F domainifised to an Fo

vy
i
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domain;
wherein
{1} cach Tie2 anmtibody or ditner comprises a first Fo domain and a second

Fo domain;

Lo

(i} each TieZ antthody or dimer in the plarality i3 (&) now-covalently
hound via the first Fo domain to one polypeptide monomer chain of a fivst polymer, and {(8)
non-covalently bound via the sceond Fo domain to one polypeptide monomer of a sccond
polymer; and

(i)  each polvpephide monomer chain of cach polvmer s now-covalently
i bound toone Fo domam;

wherein the particle comprises dibedral, tetrahedral, octahedral, or icosahedral
SRSy,
2. The particle of claim {, wherein the polviors comprise manomess with sone amine

15 acid differences,

3 The particle of claim 1 or 2, wherein the particle comprises polymers that are not

honmo-oligomers.

20 4 The particle of any one of claims 1-3, wherein each polymer in the particle i
identical.
5 The particte of claim 1, wherein each monomer in each polymer is identical and each

polymer is a homo-polymer.

25
f. The particle of chim 3, wherein each homo-polymer in the particle 15 identical.
7. The particle of any one of claims -6, wherein the plorality of polymers comprises

dimers of the polypeptide comprising an amino acid sequence gt least 0%, 53%, 6%, 658%,

360 TO%, T8%, 8095, 5%, 900G, 9154, 92%, 939, 949, 95%, B6%, 97%, 98%, 9%, or 100%%

identical to the amino acid sequence selected from the group consisting of SEQ ID NQOS:1-3.

8. The particle of any one of claims 1-6, wherein the plurality of polymers comprises
trimers of the polypeptide comprising an amine acid sequence at least S0%, 35%%, 60%, 65%,
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TO%, TS%, ROV, RS%. 0%, 9195, 029, U3%, U4, 0S%. 96%, 978 08%. 99%. or 100%

identical to the anuino acid sequence selected from the group consisting of SEQ 1D NOS:4-6.

4, The particle of any one of clatms 16, wherein the plurality of polymers comprises
tetramers of the polypeptide comprising an ammo seid sequence at feast SH%, 35%, 60%,,
63%, TO%, T8%, B%, 83%, 90%:, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

100% identical to the amine acid sequence of SEQ ID NO:7.

10, The particle of any one of clauns 1-6, wherewn the phaality of polvimers comprises
pentamers of the polypeptide comprising an aming actd sequence at least 50%, 353%, 60%,

f}sﬂm ?‘}Dd 758 n ﬁ{l,n R3%, 9{}“ , G ,n ‘}3{}0 93{?’{1, ‘:}490 Q5% {}f‘ﬂ Gy ,n 9%/‘]’5 ‘}92’;’:, or

H% identical to the anuino acid seguence selected from the group consisting of SEQ ID
NOS:K-9.

11, The particle of any one of clams 110, wherein residues present at a polymeric
mterface, as defined in Table 2, in a polymer of the polypeptide of any one of SEQID

NOS: 19 are conserved,

12, The particle of any one of claims 1-11, wherein residues present at a Fe binding

wnterface of any one of SEC 1D NOS: 149 as defined in Table 3 are conserved.

13, The particle of any one of claims 1-12, wherein substitutions relative to the reference
sequence of any one of SEQ 1D NOS:1-9 comprise,, consist essentially of, or consist of

substitutions af polar restdues in the reference polypepiide.

1. The particle of any one of claims 1-13, wherein substtutions relative to the reference
sequence of any one of SEQ 1D NOS:1-9 comprise, consist essentially of, or consist of
substitutions at polar residues at nop-Gly/Pro vesidues in loop positions, as defined in Table

4, m the reforence polypeptide.

15, The particle of any one of claums 1-14, wherein anuno acid changes from the
reference polypeptide of any one of SEQ 1D NOS: 1-9 are conservative amine acid

substitutions.

~]
L



WO 2021/252327 PCT/US2021/036117

14, The particle of any one of ¢laims 1-135, wherein the Tied mvibodics or dimers

comprise Tie 2 antibodies, wherein the Tie-2 antibodies comprise an anuno acid sequenee at

foast S0, 53%%, 60%, 65%, T0%, 73%, S(¥a, 83%, 90%, 1%, 92%, 93%, 94%, B8%, 96%,

97%, 98%, 99%, or 100% identical to the anino acid sequence of heavy and light chain pairg
5 selected from the group consisting of .

SEQ IDNOSH1-12

SEQ 1D NOS:13-14, and

SEQ D NOS: 13-16.

1 17, The particle of any one of claims 1-15, wherein the Tie2 antibodies or dimers
comprise dimers, wherein the dimers comprise monomers comprising the anuno acid
sequence of SEQ D NO7, wherein {X) 1s optional and when present comprises an amine

ackd Bnker of mny soitabde bagth and amino acid content.

o
L

18 The particle of clatm 17, whercin the dimers comprise monomers comprising an
anune ackd sequence at least 30%, 35%,, 609, 68, T0%, 7%, RO, 85%, 910G, 0%, 92%,
93%, 9485, 95%, 96%%, 97%%, 9%%, Y9%, or 1000 identical to the amine acid sequence of the

anino acid sequence of SEQ D NG T or I, wheretn vesiducs in parcatheses gre optional,

2 19 The particles of any one of claims 16-18, wherein the plurality of homo-polymers
comprises homo-tetramers of the polypeptide comprising an amino aoid sequence at least
i, GO%, 650, TOW, T8%, 800, B0, D006, 91Hs, 92%:, 93%0, 4%, 83%:, 96%, 87%,

88%6, 99%;, or 100% identical to the amine ackd sequence of SEQ 1D NGT.

0%, 55

25 20, The particle of any one of claims 16-18, wherein the plurality of homo-polvmers
comprises homo-trimers of the polypeptide comprising an amino acid seguence at feast S0%,
35%, 60%, 63%,, TN, T3%, 80%h, B3%, D0%, 21%, 92%, 83%, 94%,, U5%, 96%, 27%, 9R%,
9%, or 100%, identcal to the anuno acwd sequence of SEQ ID NO:S

My 2L A composition comprising a plarality of the particles of any one of claims 1248,

22, The composttion of claim 21, wherein all antibodies or dimers in the composition are

wdentical.
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23 The composition of claiim 17, wherein the antibodies or dimers in the conposition are,

in fotal, not iderngical,

2. A pharmaceutical composition comprising (a} the particle or compostiion of any one

oy

of claims 1-23, and {b} a pharmaceutically acceptable camier,

L1

25 Use of the composition or pharmaceutical composition for any suitable use, including

but not limited o those desenbed m the examples.

10 26, Amethod for treating complications from bacterial or viral infections, or for treating
or himiting development of discases or syndromes resudting from vascular dysfunction,
comprising adnunistering to a subject having a bacterial or vival infection or a discase or
syndromes resulting from vascalar dysfunction an amount of the paricle, composition oy
pharmaceutical composition or any embodiment or combination of embodiments herein

15 effective to treat the bacterial or viral infection, or 1o treat or imit development of the discase

or svadrome resalting from vascular dyvsfimetion.

27, The method of claim 26, whersin the treating comprising treating or limiting

devetopment of diseases or syndromes resalting from vascudar dysfumction, including but not
20 limited to sepsis, acute respiratory disress syndrome {(ARDS), acute lung fyjury, acute kidney

ey, wet-age related macelar degeneration, open angle glavcoma, digbetic retinopathy, and

diabetic nephropathy.

28, A polypeptide comprising an aming acid sequence comprising or consisting of the

fod
]

anuno ackd sequence of any one of SEQ 1D NOS: 17-18 and 47.

28 A nacleie acid encoding the polypeptide of claim 28.

300 An expression vector comprising the nuclele acid of claim 29 operatively linked 1o

36 control sequence.

3L A host cell comprising the polvpeptide, nucleic acid, andfor expression vector of any

one of claims 28-30.
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32 Akitcomprising
{a)  a polypeptide comprising s amino acid sequence at feast 36%, 558%, 60%

(}'}Q“ {}"’ﬂ" "}4 i) gﬁa!

Yo, TO%, T3%, 0%, B3%, 900, 014 96%%, 97, &

HI%% identical to the aniino acid sequenee selected from the group consisting of SEQ ID

Lo

NOS: -9, wherein resrdoes b parentheses ave optional {r.e sot considered in the pereent
identity requirement), wherem the polypeptide is capable of () assembling into a homo-
polymer, and () binding to a constant region of an IpG antibody; optionatly the polypeptides
as further invted 1o any one of claims 2-15; and

¢(hy Tie2 anttbodies comprising an amino acid sequence at Teast S0%, 5%, 60%,

Y 65%%, TO%, 7S%, RO%s, R3%, 9000, 91, 92%, 93%, 94%, B3%, 96%, 970, 98%,, 99%, or

by 4

0% identical to the anuno acid sequence of heavy and Hght chain pairs selected from the
group consisting of SEQ ID NOS:H1-12; SEQ 1D NOS:13-14; and SEQ 1D NOS:15-14,
andfor a fibrinogen-like domain derived from angiopotetin {F domain) fused to an Fo domain
optionally comprising the amine acid sequence selected from the group consisting of SEQ D

13 NOS: V718 and 47,

33 Akateomprising
{a) host cetls capable of expressing a polvpentide comprising an anuno actd
sequence at feast S0%, 55%, 60%, 63%, 70%, 75%, 80, 85%, 90%, 1%, 92%, 93%, B4%,
200 98%, 96%, 9T, YR, 99%, or 100% identical to the anuno acid sequence sclected from the
group consisting of SEQ 1D NOS1-9, wherein residucs in parentheses are optional (e, not
consulored i the percent identity requiirement’, whereii the polyvpeptide 15 capable of (@)
assembling fisto 2 homo-polymer, and (h) binding to 3 constant region of an IgG antibody;

aptionally the polypeptides as further hinuted in any one of claims 2-15; and

£
Ay

by hostcells capable of expressing Tie antibodies amano acd sequence at least

S0%6, S5%, 6li%%, 63%, TO%., 75%, 805, A%, 000G, 9%, U2%,, 93%, 4%, 95%, 963, 97%,

S P

>ﬂ

L 99%, or 10056 identical to the amine acid sequenke of beavy and hght chain pairs
selected from the group consisting of SEQ 1D NOS:HE-12; SEQ ID NOS: 1314 and SEQ 1D
NOS: 1516, andfor a fibrinogen-like domain devived from angiopotetin (F domain} fused 1o

38 an Fo domain optionally comprising the amino acid sequonce selected frony the group

consisting of SEQ 1D NOS: 17-18 and 47.

3. A particle, connprising:

-

{ay  aplurality of polypeptide polymers, wherein
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(i} cach monomer in the ~polymiers conprises an amino acid sequence at
least 50%, S53%, 60%, 83%, 70N, T3%, BO%, 85%, 1%, 9195, B2%,, 935, 84%, 95%,, 96%,
7%, 98%:, 99%, or 100% identical to the anuno acid sequence of SEQ D Nk i;

(it} cach monomer in the polymers comprises an aniine acid sequence at

5 least S0%, S8%, 60%, 65%;, 70%, 75%, 80%, 85%, 90, 91%, 92%, 93%, 94%,, 95%, 96%%,
9T7%, O8%%, 99%, or 101% identical to the amino soid sequence of SEQ 1D NO:2:

(1} cach monomer in the polymers comprises an amino acid sequence at

lenst 30%, 353%, 60%, 63%, TO%, 7%, RO%, 85%, 90%, 9194, 02%, 939, 94%,, 95%, 96%,
97%%, 9&%, 999%, or 160% identical {0 the anuno acid sequence of SEQ ID NG:3;

HY (v} each monmmer in the polvimers comprises an aming acid sequence at

feast S0%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, D0%, 91%,, 93%, 93%, 94%, 5%, 6%,

97%, 8%, 99%, or 1% wdenticnd to the anuno acld sequence of SEQ IDNO4;
{¥) each monomer in the polymers comprises an amino acid sequence at
least 5*5}‘3-’33e 53%, 60%, 65%, 7O, 78%, 80T, 85%%, S0%, 91%, 92%, 93%, 4%, B5%%, Bo%,

15 O7%, 9%, 99%, or 100% identical 1o the amino acid sequence of SEQ 1D NGO,
(vid eoach monomer in the polvimers comprises an aming acid sequence at
loast 50%, S5, 600, 68%,, TOM, T3%, SO%, K3%, 000, 9195, 92%, 93%, 94%5, 05%, 9a%,

970, 98%, 99%, or 160%: wlentical to the amine acid sequence of SEQ1G N6,
(vi:.i} each mononwer in the polyvmers comprises an amino acid sequence at
20 least S0%, $59%, 60%, 65%, T0%, 75%, BO%, 85%%, B0%s, 91%, 9295, 939, 94%;, 95%%, 96,

97%%, 98%%, B8, or 1% wdentical to the amine aoid sequence of SEQ 1D NOT,

(viit} each monomer in the polymers comprises an swnine acid sequence at

Jeast SO%, 55%. 6(1%, 65%. T0%, 5%, 80%, B5%, %04, 010, D2%, 93%, 048, 05%, 96%,

Q. 98%:, V9%, or 100% identical to the anuno acid sequence of SEQ 1D NCE; or

25 {ix)  cach monomer i the polviners comprises an aming acid sequence at
feast S0%, S5%, 60%a, 65%, 70%, 75%, 80%, 85%, 0%, 1%, 92%, 93%, 94%, 95%, 96%,
U7%, 988, 99%, or HKI% dentical to the amino acid sequence of SEQ 1D NO:9; wherein
residues in parcitheses are opbionad {1.¢.0 not considerad in the percent identity roguirementy;
and

35 {h) a plurality of a-TNFRSF (tumor necrosis tactor receptor superfamily)

antibodies comprising Fo domains;
wherein
(i} sach o-TNFRSF mutibody wy the plurality of antibodics compriges a
first Fo domain and a second Fe domam;
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(3} cach a-TNFRSF antibody i the plurality of antibodies 15 (A} non-
covalently bound via the first Fe domain to one polypeptide monomer chain of a first
polymer, and {B) non-covalently boond via the second Fo donainto one polypeptide
monomer of 3 second polyimer; and

(11} cach polypeptide moomer chatn of each polviner is non-covaleontly
bound to one Fo domam;

wherein the particle comprises dihwedral, tetrahedral, octahedral, or icosahedral

Symuneiry.

35. The particle of claim 34, wherein the polymers comprise monomers with some amino

acid differences.

36, The particle of claim 34 or 33, wherein the particle comprises polymers that are not

homo-oligomers.

37, the pasticle of any one of claims 34-36, wherein cach polymer in the partiele s

identical.

38, The particle of claim 34, wherein cach monomer in cach polymer is identical, and

cach polymer 1s a bomo-polymer.

39, The particle of claim 38, wherein cach homo-polvmer in the particle is identical.

40, The particle of any ene of clums 34-39 wherein the plarality of polymers comprises
dizners of the polypeptide comprising an mnina ackd sequence at feast 30%, 33%, 60%, 65%,
T, TS, B0%, ¥5%, 0%, 91%, 929, 93%:, 949, 98%, 96%, 97%, 98%, 99%, or 100%

identica! to the amino acid sequence selected from the wroup consisting of SEQ 1D NOS:1-3.

41, The particle of any one of claims 34-39, whereln the phurslity of polvimers comprises
trumers of the polypeptide conprising an anuno actd sequence at loast 30%, 8%, 60%, 63%,
70%, 75%, 80%, 85%, 90%, 91%%, 92%, 93%, 94%, 95%, 86, 97%, 98% Y9%, or 100%

identical to the amino acid sequence selected front the groap consisting of SEQ ID NOS:4-6.
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42, The particle of any one of clanis 34-39 wherein the plarality of polymers comprises
tetramers of the polypeptide comprising an amimo acid sequence at feast 30%,, 33%, 60%,

G2%, 9396, 9%, 93%, 9656, 97, 8%, 99%, or

63%%, TO%:, T5%, 80%, BE%, 909, o1t

x

HI%% wdentical to the aniino acid seguence of SEQ ID NO:7.

43, The particle of any vne of claims 34-39, wherein the phurahty of polvmers comprises
pentamers of the polypeptide comprising an amino acid sequence at feast S0%,, 35%, 60%,
G3%, 700G, T8%%, 0%, 83%, 90%, 0194, 92%, 93%, 94%, 5%, 965, 97%, B&%, 99%, or
100 1dentical to the amine acid sequence selected from the growp consisting of SEQ ID

NOS&-S,

44, The particle of any one of clatms 34-43 wherein residues present at a polymeric
wterface, ag defined in Table 2, ina polymer of the polvpeptide of any one of SEQ 1D

NOS: -9 are conserved.

43, The pasticle of any ong of clatms 34-44, wheseln residues present at a Fo binding

mterface of any one of SEQ ) NOS 19 as defined m Table 3 are conserved.

46.  The particle of any one of claims 34-43, whervein sebstitutions relative to the reference
sequence of any one of SEQ 1D NOS:1-9 comprise, consist essentially of, or consist of

substitutions at polar residues in the reference polypeptide.

47, The particle of any one of clams 34-46, wherein substitutions relative to de reference
sequence of any one of SEQ HD NOS: -8 comprise, consist essentially of, or consist of
substitutions at polar residues at non-Gly/Pro residues in loop positions, as defined in Table

4, in the reference polypeptide.

48, The particle of any one of claims 34-47 wherein amino acid changes from the
reference polypeptide of any one of SEQ 1D NOS: 19 are conservative amino acid

substitutions.

49, The particle of any ong of claims 34-48, whorein the - TNFREF antibody targets one
or more of DRETRAIL-RZTINFRSFIOB/CD262, CD40, 4-1BB, and TWEAKR (Tumor
Necrosis Factor-like Weak Inducer of Apoptosis Receptor FTNFRSFIZACD266.

&1
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30, The particle of any one of claims 34-48, wherein the «-TNFRSF antibodies comprise
an mnino acid sequence at least 30%;, 55%, 60%, 65%,, 70%, 7%, RO, 85%, 90%, $1%,
92%5. 3%, 940, 3%, 6%, 9T7%, 98%, 9%, or 100% identical to the anung acid sequence
of icavy and light chaln pairs (when both heavy and Hight cham are necded) selected from the
group consisting of!
SEQ D NQ: 19 and 204
SEQ IDNQ: 21 and 224
SEQ 1D NO: 23 and 24
SEQ D NO 25 and 26;
SEQ D NO: 37 and 28;
SEQ D NO: 39,
SEQ 1D NO: 30,
SEQ ID NG 3 and 32
SEQ 1D NQO: 33
SEQ MY NO: 34 and 35;
SEQ IDNO: 36 and 37;
SEQ 1D NO: 38 and 39:
SEQ IDNO: 40 and 41
SEQ D NO2 and 43,
SEQ ID NG 44 and 45;
SEQ ID NO: 44 and 46,
SEQ IDNO: 48 and 49;
SEQ ID NO: 50 and 51;
SEQ I NO: 82 and 53
SEQ ID NO: 54 and §5;
SEQ ID NO: 56,

¥5]

1,

Lob 7/6 heavy and hght chains as disclosed 1o published US patent applicaton US
LS20090074711 - and

Heavy and hight chain pairs disclosed in 2018094300,

1. The particles of any one of claims 34-30, wherein the phaality of polymers copprises

fetramers of the polypeptide comprising an mnino acid sequence at feast 30%, 33%, 60%,

82
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65, TO, TS%, R0%., §3%, 9006, 01 %, 92%, 93%, 94%. 95%. 96%, 97%., 98%. 99%. or

1009 identical to the amine acid sequence of SEQ ID NO:7.

52, The particle of any one of clatms 34-50, wherein the plurality of pﬁiymers CODIPTIses
3 trimers of the polypeptide comprising an amine acid sequence at least § o, B0%,

T, T8%, 80%, B5%%, 80%, 91%, B2%, 93%, 94%, 953%, 96%, 97%, 98%, 99%, or 100%
identical to the armine acid sequence of SEQ ID NO:S
33 A composition comprising a plurality of the particles of ainy one of claimg 34-82.

ity
4. The composition of clam 33, wherein all antibodies i the composition are identical.
85, The composition of claym 33, wherein the antibodies in the composition are, in total,
aot identical.

15

36. A pharmaceatical composition comprising (2) the particles or compositions of any

one of claims 34-535, and (b) a pharmaceutically accepiable carrder.

'Jy

87, Useof the parnicles, compositions, or pharmaceitical compositions of any one of
20 claims 34-537 for any switable use, nchuding bot not lmited (o those desortbed i the

sxaraples.

58 A method for freating a tumor, comprising administering to a subject having a tumor

armnowt of the partickes, composisions, or pharmaceutical composition of any one of claims

fod
]

34-56 effective to induce tumor cell apoptosis.

3. The method of claam 38, wherein the tumor overexpresses DR relative to a congol

taor o & threshold PR3 oxpression level,

3 68, A kuteomprising:
(a) one or more polypeptide comprising an amime acid scqaence at feast 0%,
55%. 60%. 65%., T0%, T5%. 80%, 85%. 90%, 1%, 92%, 03%. 4%, 05%, 96%. O7%, 98%,
%, or 100% identical to the amine acid sequence selected from the group consisting of
SEG ID NOS: 19, wherein rosidues in parentheses ave optional (1Le.: not considered in the

o

O

e
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percent wentity requirement), wherein the polypeptide is capable of (a) assembling into a
homo-polvmer, and (b) binding to a constant region of an IeG antibody; optionally the
polyvpeptides as further hmited i any one of claims 44-48; and

{b) o TNFRSF antibodics comprising an anttbody selected from the group
consisting of: Lob 776, Lucannnwaah, Dacetuzumab, Sclicrelunmab, Blesclumah, Uschuaah,
Utonulmab, Drozstumab, s¢ TRAIL-Fe, KMTR2, 10E2, and Conatumumab (also reforred to

as AMEG 655) optionally as further lingted in claim 30,

61, Akt comprising

iy host cells capable of exprossing one or more polvpeptide comprising an amino
acid soquence af least 50%, §5%, 60%, 63%, 70%, 75%, 80%%, 859%, 9%, 1%, 92%, 93%,
D, Q% DE%, 979, 8%, 99%, or 100% wdentical to the amine acid sequence sclected
from the group consisting of SEQ ID NOS:1-9, wherein residues in parentheses are optional
{1.e.0 not considered in the percent identity requirement), wherein the polypeptide 1s capable
of (a) assembling into a homo-polymer, and (b) binding to a constant region of an IgG
antibody; optionally the polvpeptides as further hnuted n any one of clims 44-4%8; and

{b)  hostcells capable of expressing a-TNFRSF antibodies comprising an antibody
selected from the group consisting of Lob 776, Lucatwoumab, Dacetuzomab, Selicrelumab,
Bioselumab, Urclumab, Utomilomab, Drozitumab, se TRAIL-Fe, KMTR2, 1652, and

Conatumanmab {also reforred to as AMG 6551 optionally as further imited i claim 50

62, The particle of any preceding claim, wherein

{a)} the particle, polypeptide polymer, monomer, antibody, and/or dimer may be linked
to other compounds to promote an increased halflife in vivo or promote increased stability or
activity in blood or at an injection site, wherein such linkage may be covalentor non-
covalent, and may be accomplished, by way of non-limiting example, by methods mehuding
bat not limited to chontical crosslinking, PEGylation, HESviation, PASyiation, andfor
elvcosviation; andor

(b one ormore monamer in the polvpeptide polyner may be linked covalently to
either the antibody or dimer, in order to ncrease half-life in vivo or promote increased

stability or activity in blood or injection site.
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