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ERCAPSULATED RNA REPLICONS AND METHODS OF USE

CROSS-REFERENCE TG RELATED APPLICATIONS
{6061} This application claims priority to U. 8. Provisional Application No. 63/032,000,

filed May 29, 2020, the contents of which are incorporated by reference in thew entivety,

ENCORPORATION RY REFERENCE OF SEQUENCE LISTING
[6002] The contents of the text file submitied electronically herewith are incorporated
heremn by reference in their entirety: A computer readable format copy of the Sequence Listing
(flenaroe: ONCR_019 01WO_Seglist ST25.txt, date created: May 28, 2021, file size: about
771 kilobyies).

FiELb
{6003} The present disclosure generally relates to the fields of immunology,
imflammation, and cancer therapeutics. More specifically, the present disclosure relates to viral
replicons with improved loading capacity and heterologous polvnucleotide encoding pavioad
molecules, as well as particle-encapsulated viral replicons. The disclosure further relates to the

treatment and prevention of proliferative disorders such as cancer.

BACKGROUND
G004} There remains a long-felt and unmet need in the art for compositions and
methods related to therapeutic use of virus and/or viral replicons comprising improved oading
capacity and/or functionality for one or more therapeutic molecules. The present disclosure

provides such compositions and methods, and more.

SUMMARY
[3005] The disclosure provides recombinant RNA replicons comprising. a} a
picomnavirus genome, wherein the picornavirus genome comprises a deletion or a truncation in
one or more protein coding regions; and b) a heterologous polynucleotide. Tn some
embodiments, the picornavirus genome comprises the deletion or the truncation in one or more
VP coding regions. In some embodiments, the picornavirus genome comprises the deletion or
the truncation in each of the VPI, VP3 and VP2 coding regions. In some embodiments, the
picomavirus genome comprises the deletion of the VP1 and VP3 coding regions and the
truncation of the VP2 coding region. In some embodiments, the picornavirus is selected from
a senecavirus, a cardiovirus, and an enterovirus. In some embodiments, the deletion or the

truncation comprises at least 500 by, at teast 1000 bp, at least 1500 bp, at least 2000 bp, at least
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2500 bp, or at least 3000 bp. In some embodiments, the deletion or the truncation comprises at
least 2000 bp. In some embodiments, a site of the deletion or a site of the truncation comprises
the heterologous polyuucleotide. fu some embodiments, the heterologous polynucleotide 1s
insertad between a 2ZA coding region and a 2B coding region. In some embodiments, the
heterologous polvnucleotide 15 inserted between a 30 coding region and a 37 untransiated
region (UTR). In some embodiments, the heterologous polvnucleotide comprises at least

1000bp, at feast 2000 bp, or at least 3000 bp.

[G006] The disclosure provides recombinant RINA replicons comprising: a) a Seneca
Valtey Virus (SVV) genome, wherein the SVV genome comprises a deletion or a truncation n
one or more protein coding regions: and b} a heterologous polyoucieotide (1.e., the replicon is
a SVV derived replicon). In some embodiments, the deletion or the truncation comprises one
or more nucleotides between nucleotide 1261 and 3477, inclusive of the endpoints, according
to the numbering of SEQ ID NO: 1. In some embodiments, the deletion or the truncation
comprises nucleotide 1261 to 3477, inclusive of the endponts, according to the numbering of
SEQ D NO: 1. In some embodiments, the deletion or the truncation comprises at least 500 bp,
at least 1000 bp, at least 1500 bp, or at least 2000 bp. In some embodiments, the deletion or the
truncation coroprises at least 2000 bp. In some emboduments, the SVV genome comprises a 3
leader protein coding sequence. In some embodiments, the SVV genome comprises a VP4
coding region. In some embodiments, the SVV genome comprises a VP2 coding region or a
truncation thereof. In some embodiments, the SVV genome comprises, from 57 10 37 direction,
the 5° leader protein coding sequence, the VP4 coding region, and the VP2 coding region or a
truncation thereof. In some embodiments, a portion of the SVV genome comprising the §
leader protein coding sequence, the VP4 coding region, and the VP2 coding region or a
truncation thereof has at least 90% sequence wlentity to nucleotide | to 1260 of SEQ ID NO:
1. In some embodiments, the SVV genome comprises, from 5 to 37 direction, the 5 leader
protein coding sequence, the VP4 coding region, the VP2 coding region or a truncation thereof,
and the heterclogous polynuclestide. In some embodiments, the SVV genome comprises a ¢ig-
acting replication elervent (CRE). To some exnbodiments, the CRE comprises between 10-200
bp. In some embodiments, the CRE comprises one or more nuclectides within the region
corresponding to nucieotide 1000 to nucleotide 1260 according to SEQ ID NG: 1. In some
embodiments, the CRE comprises one or more nucleotides within the region corresponding to
nucleotide 1117 to nucleotide 1260 according to SEQ 1D NO: 1. In some embodiments, the

CRE comprises a polynuclestide sequence having at least 70%, at least 75%, at least 80%, at
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least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identity to SEQ ID NQO: 149, In some embodiments, the SVV genome further comprises
a 2A coding region. In some embodiments, the 2A coding region 15 located between the VP2
coding region or a truncation thereof and the heterologous polyvnucleotide. In some
embodiments, the SVV genome comprises one or more of a 2B coding region, a 2C coding
region, a 3A coding region, a 3B coding region, a 3Cpro coding region, and a 3D(RARp) coding
region. In some embodiments, the SVV genome comprises a 2B coding region, a 2C coding
region, a 3A coding region, a 3B coding region, a 3Cpro coding region, and a 3D{RdRp) coding
region. Tn some embodiments, the SVV genome comprises, from 5”10 37, the 2B coding region,
the 2C coding region, the 3A coding region. the 3B coding region, the 3Cpro coding region,
and the 3D(RdRp) coding region. In some embodiments, a portion of the SVV genome
comprising the 2B coding region, the 2C coding region, the 3A coding region, the 3B coding
region, the 3Cpro coding region, and the 3D{RdRp) coding region has at least 90% sequence
tdentity to nucleotide 3505 to 7310 according to SEQ ID NO: 1. In some embodiments, the
SVV genome comprises, from 5 to 37, the heterologous polynuclectide and the 2B coding
region.

6667 The disclosure provides recombinant RNA replicons comprising: a) a
coxsackievirus genome, wherein the coxsackievirus genome comprises a deletion or a
truncation in one or more protein coding regions; and b} & heterologous polynucleotide {ie,
the replicon is a coxsackievirus derived replicon). In some embodiments, the deletion or the
truncation comprises one ot more nucleotides between nucleotide 717 10 3332, inclusive of the
endpoints, according to the numbering of SEQ 1D NO: 3. In some embodiments, the deletion
or the truncation comprises nucleotide 717 o0 3332 | inclusive of the endpoints, according to
the nurobering of SEQ 1D NO: 3. In some embodiments, the deletion or the truncation
comprises at least 500 bp, at least 1000bp, at least 1500 bp, at least 2000 bp, or at least 2600
bp. In some embodiments, the coxsackievirus genome comprises a 5 UTR. In some
embodiments, a portion of the coxsackievirus genome comprising the 3° UTR has at least 90%
sequence identity to SEQ ID NO: 4. In some embodiments, the cossackievirus genome
comprises one of more of a 2A coding region, a 2B coding region, a 2C coding region, a 3A
coding region, a 3B coding region, a VPg coding region, a 3C coding region, a 3D pol coding
region, and a 37 UTR. In some embodiments, the coxsackievirus genome comprises a ZA
coding region, a 2B coding region, a 2C coding region, a 3A coding region, a 3B coding region,

a VPg coding region, a 3C coding region, a 3D pol coding region, and a 37 UTR. In some



WO 2021/243172 PCT/US2021/034787

embodiments, the coxsackievirus genome comprises, from 5 to 37 direction, the 2A coding
region, the 2B coding region, the 2C coding region, the 3A coding region, the 3B coding region,
the VPg coding region, the 3C coding region, the 3D pol coding region, and the 3 UTR. In
some embodiments, a portion of the coxsackievirus genome comprising the 2A coding region,
the 2B coding region, the 2C coding region, the 3A coding region, the 3B coding region, the
VPg coding region, the 3C coding region, the 3D pol coding region, and the 3° UTR has at
least 0% sequence identity to nucleotide 3492 to 7435 in SEQ ID NO: 3. In some
embodiments, the coxsackievirus genome comprises, from 5 to 37, the & UTR, the

heterotogous polvnuclectide, and the 2A coding region.

(6608} The discloswre provides recombinant RNA replicons comprising: a) a
encephalomyocarditis virus {(EMCV) genome, wherein the EMCV genome comprises a
deletion or a truncation in one of more protein coding regions: and b) a heterologous

polynucleotide (i e, the replicon is a EMCV derived replicon).

[G009] fn some embodiments, the recombivant RNA rephcon comprises an interoal
ribosome entry site (IRES} inserted between the heterologous polvnuclectide and the 2B

coding region.

(6016} In some embodiments, the heterologous polynucleotide of the recombinant
RNA rephcon encodes one or more pavicad molecules. fo some embodiments, the
heterologous polynucleotide of the recombinant RNA replicon encodes two or more pavioad
molecules. In some embodiments, the two or more payload molecules are operably linked by
one or more cleavage poly peptides. In some embodiments, the cleavage polypeptide comprises
a 2A famuly self-cleaving peptide, a 3C cleavage site, a furin site, an 1GSF1 polypeptide, ora
HIV protease site. In some embodiments, the cleavage polypeptide comprises an IGSF1
polypeptide, and wherein the IGSF1 polvpeptide comprises an amino acid sequence having at
least 90% identity to SEQ ID NO: 75. In some embodiments, the cleavage polypeptide
comprises an HIV protease site. In some embodiments, the cleavage polvpeptide comprises a
2A family self-cleaving peptide. In some embodiments, the cleavage polypeptide comprises a
furin site. In some embodiments, the heterologous polvnucieotide encodes a polypeptide
comprising the two or more pavioad molecules and the cleavage polyvpeptide comprising, from
N-terminus to C-ternunus: N7 - payload molecule 1 - cleavage polypeptide - pavioad molecule
2 - 7. In some embodiments, the heterologous polyoucleotide forther comprises a coding
region that encodes an HIV protease, and wherein the heterclogous polynucleotide comprises

a coding region that encodes a polypeptide comprising, from N-terminus to C-terminus: N -
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Payioad molecule T ~HIV protease site - HIV protease — HIV protease site — Payioad molecule
2 - . In some embodiments, the heterologous polynuacleotide further comprises a coding
region that encodes a third payload molecule, and wherein the heterologous polynucleotide
comprises a coding region that encodes a polypeptide comprising, from N-terminus to C-
ternmunus; N - Pavioad molecule 1 ~ HIV protease site - HIV protease — HIV protease site —
Pavload molecule 2 — HIV protease site — Payload molecule 3 - O Insome embodiments, the
recornbinant RNA replicon of the disclosure further comprises a cleavage polypeptide at the

C-terminus of the encoded polypeptide.

{6011} In some embodiments, the payload molecules are selected from a fluorescent
protein, an enzyoe, a cyviokine, a chemokine, an antigen, an antigen-binding molecule capable
of binding to a cell surface receptor, and a ligand for a cell-surface receptor. In some

embodiments, the payload molecules are selected from:

ay one or more cytokines comprising IFNy, GM-CSF, IL-2, 1L-12 IL-15 [L-18, 1L.-23,
and 1L-367:

b} one or more chemokines comprising CXCL10, CCL4, CCL3, and CCL21;

¢} one or more antibodies comprising an anii-PD1-VHH-F¢ antibody, an anti-CD47-

VHH-Fe antibody, and an anti-TGFR-VHH{or scFv)-Fe antibody;

d) one or more bipartite polvpeptides comprising a bipartite polypeptide binding to
DLL3 and an effector cell target antigen, a bipartite polypeptide binding to FAP and an effector
cell target antigen, and a bipartite polvpeptide binding to EpUAM and an effector cell target
antigen;

€} one oF more tumor-associated antigens comprising survivin, MAGE family proteins,
and all antigens according to Table 6;

) one or more tumor necantigens;

g} one or more bipartite poly peptides binding to MHC-peptide antigen complex;

h} one or more fusogenic proteins comprising herpes simplex virus (HSV)
UL27/elycoprotein B/gB, HSV UL53/glveoprotein K/gK, Respiratory syncytial virus {(RSV) F
protein, FASTpIS, VSV-G, syncitin-1 (from human endogenous retrovirus-W (HERV-W1) or
syncitin-2 (from HERVFRDED), paramyxovirus 8V5-F, measies viras-H, measles virus-F, the

glycoprotein from a retrovirus or lestivitus, such as gibbon ape leukemia virus (GALY),
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murine feukemia virus (MLV), Mason-Pfizer monkey virus (MPMYV ) and equine infectious

anemia virus (EIAV), optionally with the R transmembrane peptide removed (R- versions);

1} one or more other payload molecules comprising IL1SR, PGDH, ADA, ADAZ,
HYALL HYALZ, CHIPS, MLKL {or tis 4HB domain only), GSDMD (or its L192A nusiant,
of its amuno acids 1-233 fragment, or its amino acids 1-233 fragment with LI92A mutation),
GSDME {or its amino acid 1-237 fragment), HMGB1I (or its Box B domain only), Melittin
{e.g., alpha-Melittin), SMAC/Diablo {or its amino acid 56-239 fragment), Snake LAAQ, Snake
disintegrin, Leptin, FLT3L, TRAIL, Gasdernun D or a truncation thereof, Gasdermin E or a
truncation thereof;

1) one or more anfigens from pathogens comprising Dengue virus, Chikungunya virus,
My cobacterium tuberculosis, Human immunodeficiency viruses, SARS-CoV-2, Coronavirus,
Hepatitis B Virus, Togaviridae family virus, Flaviviridae family vins, Influenza A virus,
Influenza B virus, and a veterinary visus; of

k) any combination thereof.

6012} In some embodiments, the two or more pavioad molecules are selected from the
group consisting of a fluorescent protein, an enzyme, a cvtokine, a chemokine, an antigen-
binding molecule capable of binding to a cell swrface receptor, and a ligand for a cell-surface
receptor. In some embodiments, the heterologous polynuclectide encodes two or more payload
molecules comprising:

1L-2 and [L-36y;

CXCL10 and an antigen binding molecule binding to FAP and CD3;

1L-2 and an antigen binding molecule binding to DLL3 and D3,

1L-36y and an antigen binding molecule binding 1o DLL3 and CD3; or

1L-2, TL-36y and av antigen binding molecule binding to DLL3 and CD3.

{6013} {n some embodiments, the recombinant RNA replicon of the disclosure further
comprises a microRNA (miRINA} target sequence (miR-TS} cassette comprising one of more
miRNA target sequences. In sorne erabodiments, the one or more miRNAs comprise miR-124,
maR-1, nuR-143, muR-128, muR-219, muR-219a, miR-122, miR-204, miR-217, miR-137, and
miR-~126.

G
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6814} The disclosure provides recombinant DNA molecules comprising, from 5 to
37, a promoter sequence, a 5 junctional cleavage sequence, a polynucleotide sequence
encoding the recombinant RNA replicon of the disclosure, and a 37 junctioval cleavage
sequence. In some embodiments, the promoter sequence is a T7 promoter sequence. In some
embodiments, the 57 junctional cleavage sequence is a ribozyme sequence and the 37 junctional
cleavage sequence is a ribozyme sequence. In some embodiments, the 57 ribozyme sequence
is a hammerhead ribozyme sequence and wherein the 37 ribozyme sequence is a hepatitis delta
virus ribozyme sequence. In some embodiments, the 57 junctional cleavage sequence is a
ribozyme sequence and the 37 junctional cleavage sequence is a restriction enzyme recognition
sequence. In some embodiments, the 5° vibosyme sequence is a hammerhead ribozyme
sequence, a Pistol ribozvme sequence, or a modified Pistol ribozyme sequence. In some
embodiments, 37 restriction enzyme recognition sequence is a Type HS restriction enzvme
recognition sequence. In some ernbodiments, the Type IS recognition sequence is a Sapl
recognition sequence. In some embodiments, the 3° junctional cleavage sequence is an
RMAseH primer binding sequence and the 37 junctional cleavage sequence is a restriction

enzyme recogrilion sequence.

6015} The disclosure provides methods of producing the recombinant RNA replicon
comprising in vitro transcription of the DNA molecule of the disclosure and purnification of the

resulting recombinant RNA replicon.

3016} The disclosure provides compositions comprising an effective amount of the
recombinant RNA replicon of the disclosure and a carrier suitable for adnunistration to a

mammalian subject.

6017} The disclosure provides vectors comprising the recombinant RNA replicon of
the disclosure. In some embodiments, the vecior 18 a viral vecior. In some embodiments, the

vector 15 a non-viral vector.

6618} The disclosure provides particles coroprising the recorabinant RNA repheon of
the disclosure. In some embodiments, the particle is selected from the group consisting of a
nanoparticle, an exosome, a liposome, and a lipoplex. In some embodiments, the nanoparticle
is a lipid nanoparticle (LNP) comprising a cationic lipid, one or more helper lipids, and a
phospholiptd-polymer conjugate. In some embodiments, the cationic lipid is selected from
DLinDMA, DLin-KC2-DMA, DLin-MC3-DMA (MC3), COATSOME® S8-LC (former
name: 8S-18/4PE-13), COATSOMER 58-EC (former name: $8-33/4PE-15), COATSOME®
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§S-0C, COATSOME® $8-0OP, DL non-2-en-1-yH9-({4~
dimethvlaminoybutanovijoxy theptadecanedicate  (L-319), or N-(2,3-dioleoyvioxyypropyvi)-
NN N-trimethyvlaromomum chlonide (DOTAP). In some embodiments, the helper lipid is
selected from 1,2-distearovi-sn-glycero-3-phosphocholine (DSPCY; 1,2-dilawrovi-sn-glycero-
3-phosphoethanolamine (DLPE); 1,2-dioleoyl-sn-glyvcero-3-phosphocholine (BOPC); 1,2-
dioleovi-sn-gly cero-3~phosphoethanolamine (DOPE); and cholesterol. In soroe embodiments,
the cationic lipid is 1,2-dioleoyl-3-trimethylaromonium-propane (BOTAP), and wherein the
neutral lipid is 1,2-Dilavroyi-sn-glveero-3-phosphosthanolamine (DLPE) or 1,2-Dioleoyl-sn-
glvcero-3-phosphoethanolamine (DOPE}. In some embodiments, the phospholipid-polymer
copjugate 15 selected  from 1 2-distearovl-sn-glycero-3-phosphoethanolanune-N-
famino{polvethyleneglvcol)] {DSPE-PEG); 1,2-dipalmitoyl-rac-glycerol
methoxypolyethyiene glycol {DPG-PEGY; 1,2-distearoyl-rac-glvcero-3-
methvipolyoxvethyvlene (DSG-PEG),  1,2-distearoyl-rac-glveero-3-methy Ipolyoxyvethylene
(DSG-PEG); 1.2-dimyristovi-rac-glycero-3~-methylpolvoxyethylene (DMG-PEG);, and 1.2-
dimyristoyl-rac-glycero-3-methylpolyoxyethylene (DMG-PEG), or 1,2-distearoyl-sn-glycero-
3-phosphoethanclamine-N-famino{polvethylene  glveol}] (DSPE-PEG-amine). In some
embodiments, the phospholipid-polymer conjugate 15 selected from 1,2-distearoyl-sn-glvcero-
3-phosphoethanclamine-N-fanmino(polyethylenegly col }-5000] {DSPE-PEGSK); 1,2~
dipalmitoyl-rac-glvcerol methoxvpolyethylene glveol-200¢ (DPG-PEG2K), 1,2-distearoyl-
rac-glycero-3~-methylpolyoxvethylene-5000  (DSG-PEGSK);,  1,2-distearoyl-rac-glycero-3-
methyipoly oxyethylene-2000 {(DSG-PEGIK); 1,2-dimyristoyl-rac-glycero-3-
methyipolyoxyethyiene-5000 (DMG-PEGSK)

and 1,2-dimyristoyl-rac-glycero-3-
methyipolyoxyvethylene-2000 (DMG-PEGZK}. In some embodiments, the cationic lipid
comprises COATSOME® §8-0C, wherein the one or more helper lipids coroprise cholesterol
{Chol} and DSPC, and wherein the phospholipid-polymer conjugate comprises DPG-
PEG2000. In some embodiments, the ratio of SS-OC:DSPC.CholDPG-PEG2K (as a

percentage of total lipid content) 1s A'B.C:D, wherein:

{a} A=40% - 60%, B=10% - 25%, C = 20% - 30%, and D = 0% - 3% and wherein
A+B+CHD = 100%;

{b} A= 45% - 50%, B = 20% - 25%, € = 23% - 30%, and D = 0% - 1% and wherein
A+B+CHD = 100%

{c} A =40% - 60%, B=10% - 30%, C =20% -~ 45%. and D = 0% - 3% and wherein

A+B+C+HD = 100%:
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{d) A= 40% - 60%, B = 10% - 30%, € =25% - 45%, and D = 0% - 3% and wherein

AABHCHD = 100%;

{e) A =45%-55%, B=10% - 20%, C =30% - 40%, and D = 1% - 2% and wherein

A+B+C+D = 100%:

{H) A=45%-30%, B=10% - 15%, C =35% - 40%, and D = 1% - 2% and wherein

A+BCHD = 100%;

{g} A= 45% - 65%, B = 3% - 20%, C = 20% - 45%, and [ = 0% ~ 3% and wherein

A+BACHD = 100%,;

{h) A=50% - 60%, B=5% - 15%, C =30% - 45%, and D = 0% - 3% and wherein

ATBHCHD = 100%:;

(i} A= 55% - 60%, B = 5% - 15%, C = 30% - 40%, and I3 = 1% - 2% and wherein

A+BHCHD = 100%; or

B A=55%-60%, B=5%- 10%, C = 30% - 33%, and D = 1% - 2% and wherein
AFBHCHD = 100%.

{3019 In some embodiments, the ratio of S8-OC:DSPC.Chol.DPG-PEGZK {as a
percentage of total lipid content) 1s: about 49:22:28.5:0.5; about 49:11:38.5:1.5; or about
58:7:33.5:1.5. In some embodiments, the ratio of SS-OC:DSPC:.Chol:DPG-PEGZK (as a
percentage of total lipid content} is about 49:22:28.5:0.5. In some embodiments, the cationic
Lipid 1s 1, 2-dioleoyl-3-trimethylammoniurs-propane {DOTAP), and wherein the neutral lipid
is 1,2-Dilauroyi-sn-glycero-3-phosphoethanolamine (DLPE) or L.2-Dioleoyl-sn-glycero-3-

phosphoethanolamine (DOPE}.

13020] In some embodiments, the particle of the disclosure further comprises a
phospholipid-polvmer conjugate, wherein the phospholipid-polymer coujugate 15 1, 2-
Instearovi-sn-glyvcero-3-phosphoethanolamine-Poly{ethylene glycol} (DSPE-PEG) or 1.2-
distearovl-sn-glycero-3-phosphoethanclanune-N-{amino{polyethylene glyvcol}] (DSPE-PEG-

amine).

{6621} In some embodiments, the particle of the disclosare further comprises a second
recombinant RNA molecule encoding an oncolyvtic virus. In some embodiments, the oncolytic
virus is a picornavirus. In some embodiments, the picornavirus is selected from a senecavirus,

a cardiovirus, and an enterovirus. In some embodiments, the picornavirus is a Seneca Valley
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Virus (SVV) In some embodiments, the picornavirus is a Coxsackievirus. In some

embodiments, the picornavirus is an encephalomyocarditis viras (EMCV).

{60221 The disclosure provides therapeutic compositions comprising a plurality of lipid
nanopariicles of the disclosure. In some embodiments, the plurality of LNPs have an average
size of about 50 nm to about 120 nm. In some embodiments, the phuwrality of LNPs have an
average size of about 100 nm. In some embodiments, the plorality of LNPs have an average
zeta~potential of between about 20 mV to about -20 mV, about 10 mV to about -10 roV, about
5 mV to about -5 mV, or about 20 mV to about -40 mV, -50 mV o about — 20 mV, about 40
mV to about -20 mV, or abowt -30 mV to about ~20 mV. In some embodiments, the plurality
of LNPs have an average zeta~potential of about ~30 waV, about -31 mV, about -32 mV, about
-33 mV, about -34 mV, about -35 mV, about -36 mV, about -37 mV, about -38 mV, about -39

mV, or about -40 mV.

3023} The disclosure provides methods of killing a cancerous cell comprising
exposing the cancerous cell to the particle, the vector, the recombinant RNA repheon, or
compositions of the disclosure. In some embodiments, the method is performed n vive, in

vitro, Of 8X VIVO.

(6024} The disclosure provides methods of treating a cancer in a subject comprising
admirusteriog to the subject suffering from the cancer an effective amount of the particle, the
vector, the recombinant RNA replicon, or compositions of the disclosure. In some
embodiments, the recombinant RNA replicon, or composition thersof is administered
intravenously, intranasally, as an inhalant, or is injected directly into a tumor. In some
emboduments, the particle, the recombinant RNA replicon, or composition thereof ig
adnunistered to the subject repeatedly. In some embodiments, the subject 1s a mouse, a rat, a

rabbit, a cat, a dog, a horse, a non-human primate, or a human,

[6625] In some embodiments, the cancer 1s selected from lung cancer, breast cancer,
ovarian cancer, cervical cancer, prostate cancer (e.g, Castraion resistant neuroendocrine
prostate cancer), testicular cancer, colorectal cancer, colon cancer, pancreatic cancer, liver
cancer, gastric cancer, head and neck cancer, thyroid cancer, malignant glioma, glioblastoma,
melanoma, B-cell chronic lvmphocviic leukeria, diffuse large B-cell lvimphoroa (DLBCL),
sarcoma, a newroblastoma, aneurcendocrine cancer, a rhabdomyosarcoma, a medulloblastoma,
a bladder cancer, marginal zone lvmphoma (MZL}), Merkel cell carcinoma, and renal cell

carcinoma. In some embodiments, the lung cancer is small cell lung cancer or non-small cell
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tung cancer; the liver cancer is hepatocellular carcinoma (HCC): and/or the prostate cancer 18
treatment-ernergent neuroendocrine prostate cancer. In some embodiments, the cancer 15 a

neUroendocting cancer.

6026} The disclosure provides methods of inununizing a subject against a disease,
comprising administering to the subject an effective amount of the particle, the vector, the
recombinant RNA replicon, or compositions of the disclosure. In some embodiments, the
particle, the recombinant RNA replicon, or composition thereof is admunistered imtravenously,
intramuscularly, intradermally. intranasally, or as an mhalant. In some embodiments, the
particle, the recormbinant RNA replicon, or composttion thereof is administered to the subject
repeatedly. In some embodiments, the disease 1s an infectious disease. In some embodiments,
the infecticus disease is caused bv one of the pathogens comprising Dengue virus,
Chikengunva virus, Mycobacterium tuberculosis, Human immunodeficiency virus, SARS-
CoV-2, Coronavirus, Hepatitis B virus, Togaviridae family virus, Flaviviridae family virus,

Influenza A virus, lofluenza B virus and a veterinary virus.

{6627} The disclosure provides recombinant RNA replicons comprising a picornavirus
genome and a heterologous polynuclectide. In some embodiments, the heterologous
polvnucleotide s inserted between a 2A coding region and a 2B coding region. In some
embodiments, the heterologous polynucleotide is inserted between a 57 UTR and a 2A coding
region. In some embodiments, the heterclogous polynuclectide s inserted between a 3D coding
region and a 3° UTR. In some embodiments, the picornavirus is selected from a senecavirus, a

cardiovirus, and an enterovirus.

Breer DESCRIPTION OF THE DRAWINGS
[0828] ¥IG. 1 is a schematic depicting a wildtype SVV viral genome and an exemplary

SVV derived recombinant RNA replicon.

[6029] FIG. 2 15 a series of charts showing viral replication raie of SVV comprising
heterologous polvnucleotide of various lengths.

[3036] FiG. 3A s a schematic depicting vartous SVV derived recombinant RNA
replicon constructs with mCherry reporter gene. FIG. 3B 15 a series of imaging figures showing
the expression of mCherry tn H1299 cells transected with the replicons.

6031} FIG. 4A 15 a sentes of timaging figures showing the expression of mCherry in
H1299 cells transected with the replicon TruncS and/or wildivpe SVV viral genome. FIG. 4B
containg charts showing the result of an 150 assay in H446 cells for evaluation of viral titer.

11
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6832} FIG. SA is a schematic depicting various SVV derived recombinant RNA
replicon constructs with mCherry reporter gene. FIG. 8B is a gel image showing the resuit of
i vitro T7 RNA synthesis. FIG. 5C 15 a senes of imaging figures showing mCherry sigoal of

cells transfected with each replicon.

{3033} FIG. 6A 15 a schematic depicting a wildtype SVV viral genome and an SVVY
derived recombinant RNA replicon carrving a mCherry reporier gene. FIG. 6B is a schematic

depicting SVV derived recombinant RNA replicon Truncl0 carrving different reporter genes.

[G034] FIG. 7TA 1s a schematic depicting an SVV-replicon Truncl0 carrving a
fransgene encoding nurine IL-2 payload. FIG. 7B contains two charts showing the result of
miL-2 expression. FIG. 7C ts a chart showing the result of RNA copy numbers analyzed by

tagman assay,

[3035] FiG. 8A is a schematic depicting an SVV-replicon Truncl{ carryving a
transgene encoding single chain mIL-12 (semil-12), with and without a signal sequence. FIG.
8B i3 a chart showing the resuli of RNA copy numbers analyzed by tagman assay. FIG. 8C

contains two charts showing the expression of murine IL~12.

{6036} ¥, 9A is a schematic depicting SV V-replicons Trunc10 carrving a transgene
encoding homan IL-36y, with the native signal sequence or with the 1L2 signal sequence. FIG.
o8 contains two charts showing the secretion of hiL-36y aflter transfection or trans-
encapsidation. FIG. 8C contains two charts showing the result of RN A copy numbers analyzed

by tagman assay.

{30371 FIG. 18A is a schematic depicting bicistronic replicons incorporated with an
encephalomyocarditis virus (EMCV) IRES downsiream of a single pavload. FEG. 16B is a

chart showing the result of RNA copy numbers analyzed by fagman assay.

G038} FIG. 11A is a schematic depicting dicistronic dual payvioad replicons
incorporated with an encephalomyocarditis virus (EMCV) IRES downstream of multiple
payloads separated by a furin-T2A site between the first payioad and the second payload
(eGFP}. FIG. 118 1s a series of images showing the expression of mCherry and GFP 24 howrs

post infection.

30391 FIG. 124 is a schematic depicting a dual payload replicon incorporated with a
second payload at the 37 end of the replicon between the RdRp and the 3’UTR. FIG. 12B s a
chart showing the secretion of hil-36y after transfection. FIG. 12C is a chart showing the
result of RNA copy numbers analvzed by tagman assay.

12
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{6046} FIG. 13A 15 an anti-His western blot that analvzes the expression of his-tagged
IDLTI76-MTTIO-DLL3-VHH-CD3 LiTE. FIG, 13B is a chart showing the result of RNA

copy nurabers analyzed by taqman assay.

[6041] FiG. 14A 1s an anti-His western blot that analvzes the expression of his-tagged
rPLL3-aCD3-BiTE. FIG. 148 is a chart showing the result of RNA copy numbers analyzed

by tagman assay.

{3042} FIG. 18A 1s a schematic depicting TrunclO replicon comprising alternate
cleavage peptides (3C, or furin-3C, or furinT2A) between his-tagged anti mFAP BiTE and
CXCL10. FIG. 15B 15 a chart showing the result of expression of CXCL10. FIG. 18C s a

chart showing the result of RNA copy numbers analyzed by tagman assay.

6043} FIG. 16A 15 a schematic depicting Truncld replicon comprising aliernate
cleavage peptides (124, P2A, F2ZA, or E2A) between his-tagged anti-mFAP BITE and
CXCL10. FIG. 16B is a chart showing the result of expression of CXCL10. FIG. 16C s a

chart showing the result of RNA copy numbers analyzed by tagman assay.

{8044] FIG. 174 15 a schematic depreting a configuration of rephcon polynucleotide
encoding dual paylioad molecules operably linked by an IGSF1 polypeptide (SEQ 1D NQOs: 73
and 76). FIG. 178 15 a chart showing the result of expression of 1L-36y. FIG, 17C is a chart
showing the result of expression of IL-2. FIG. 17D is a chart showing the result of RNA copy

numbers analyzed by tagman assay.

[(3045] FiG. 18A 15 a schematic depicting schematic for HIV-1 protease mediated
processing of two secreted payloads in the same open reading frame. FIG, 188 is a chart
showing the resull of RNA copy numbers analyzed by tagman assay. FIG. 18C contains two
charts showing the result of expression of both payvloads.

[0046] FIG. 19A 1s a schematic depicting a dual payload replicon comprising a BitE
and hiL-36y. FIG., 198 is a chart showing expression of hiL-36y. FIG. 19C is a chart showing
the result of RNA copy numbers analyzed by tagman assay.

160471 FIG. 20A 15 a schematic depicting a triple payload replicon T10-BIiTE-IL3g6~
112, FIG. 208 contains two charis showing the expression of hil-36 and miL-2. F1G., 28( is
a chart showing the result of RNA copy numbers analyzed by tagman assay.

[B048] FIG. 21A is a schematic depicting an alternative design of triple payload

rephcon T10-mIL2-BiTE-RIL-36y. FIG, 218 contains two charts showing the expression of

13
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hiL-36 and miL-2. FIG. 21 is a chart showing the result of RNA copy numbers analvzed by

tagman assay .

6049} FIG. 22A 15 a schematic depicting another design of triple pavicad replicon
T10-mIL2-hiL-36y-BiTE. FIG. 22B is a chart showing the result of RNA copy numbers
analyzed by tagman assay. FIG, 22C 15 a series of charts showing the expression of hiL-36
and miL-2 in supematant and lysate.

(G058} FIG. 23A 15 a chart showing the result of in vivo hlL-36y expression in a NCI-
H69 cells based mouse model. FIG. 238 is a chart showing the result of in vive hiL-36y
expression in a NCI-H446 cells based mouse model.

{6051} FIG. 24 is a schematic depicting a wildtype coxsackievirus viral genome and

an exemplary coxsackievirus denved recombinant RNA replicon carrying an mCherry reporter

gene.
[LHESY 4! FIG. 25A 15 a series of images showing mCherrv and GFP expression in cells

transfected with the replicon and/or control vectors. FEG. 288 contains two images showing
the expression of mCherry which demonsirates trans-encapsidation of the replicon n co-

transfection with wildtype viral genome.

{6053} FIG. 26 is a diagram depicting the in vifre transcription process for an SVV
derived replicon and a Neg-RINA. Aufocatalytic cleavage of SVV derived replicon by 57 and
3" ribozyme {Rib) generate SVV derived replicon with discrete 37 and 37 ends required for
replication. By contrast, Neg-RNA construct lacks ribozyme sequence and is not able of

replication and virion production.

[B054] FIG. 27 is a diagram depicting the use of junctional cleavage sequences o
remove non-viral RNA polynucleotides from the genome transcripts in order to mainfain the

native 5° and 3° discrete ends of the replicon.

{6055} FIGs. 28A — 288 are schematics showing hammerhead ribozymes for
generation of discrete 57 termint. FIG. 28A is a schematic showing a structural model of a
muniroal haromerhead ribozyvme (HHR) (SEQ 1D NO: 108) that anneals and cleaves at the 37
termunus at the arrow. FIG. 288 15 a schematic showing a structural model of a ribozyme with

a stabilized stem [ (STBL} (SEQ ID NO: 109) for cleavage of 57 terminus at the arrow.

[B056] FIGs. 284 - 28B are schematice showing pistol riboryvmes for generation of

discrete 57 termimu. FIG. 29A 15 a schematic showing wild tvpe Pistol nbozyme (SEQ I3 NOs:

14
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110, 111) characteristics. FIG. 29B is a schematic showing Pistol ribozyme from 7. Polymyvan
{(SEQ ID NG: 112) with a tetraloop added to fuse the P3 strands modeled by mFOLD. The
dashed box is the area routagenized to retain the fold of the ribozyme n the context of the viral
sequence. The “GUC” sequence shown in the dashed box was mutated to “UCA” to generate

Pistol 1 and the “GUC” sequence was mutated to “TTA” to generate Pistol 2.

DETALER DESCRIPTION
[B8ST] Oncolvtic viruses are replication-corapetent viruses with Ivtic hife-cvcle able to
infect and lvse tumor cells. Direct tumor cell lysis results not only in cell death, but also the
generation of an adaptive immune response against tumor antigens taken up and presented by
local antigen presenting cells. Therefore, oncolviic viruses combat tumor cell growth through
both direct cell lysis and by promoting antigen-specific adaptive responses capable of

maintaining anti-tumor responses after viral clearance.

[B05E] Oncolytic viruses can be genetically engineered to express payload molecules -
e.g., by incorporating a heterologous polynucleotide that encodes a desirable payload protein
mto the viral genome. However, due to the packaging capability of the viral capsid proteins,
only polvnucleotides with a linuted length can be incorporated into the full viral genome
without compromusing the replication rate, encapsidation, and/or function of the viruses. In
addition, expression of multiple functional payload molecules from a single svnthetic viral
genome or viral replicon can be chalienging. These limitations in the incorporation of pavload

molecules limit the use of viral therapeutics in the treatment of metastatic cancers.

{3059 There i3 a need in the art for oncolviic virus derived replicons comprising
wproved capacity for the incorporation of heterologous polynucleotides encoding payload
molecules, which can be used in various therapeutics such as anti-cancer therapeutics.
Heterologous sequences may encode one or more molecules that may be referred to herein as
payvioad molecules. In some embodiments, payload sequences and payioad molecules of the
disclosure do not mediate a viral function. In some embodiments, pavioad sequences and
payload molecules of the disclosure may be isolated from or derived from a species matching
or homologous to the species of the subject or cell intended for administration of the viral
repheation for expression of the payload sequence or pavicad molecule. Heterologous
sequences may encode one or more of a coding or a noncoding nucleic acid sequence, a DNA
sequence, an RNA sequence, an amino acid sequence, a peptide, a polvpeptide, a protein or

any combination thereof.

st
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{0068 The disclosure provides recombinant RNA replicons derived from picornaviral
genomes thal possess improved capability for the incorporation of heterologous
polynucleotides encoding payload molecules. In some embodiments, the recombinant RNA
replicons of the disclosure express two or more functional payload molecules from the same
replicon. Exemplary configuration of replicons expressing two or more pavioad molecules are
described. The present disclosure further provides particles comprising recombinant RNA
replicons. In some embodiments, the particles further comprise full viral genome. In some
embodiments, the recombinant RNA replicons can be trans-encapsidated by the capsid proteins
expressed by the full viral genome. In some embodiments, contacting cells with said particles
allows production of two groups of infectious viral particles, one comprising a recornbinant
RNA replicon, and the other comprising the full viral genome. In some embodiments, viral
particles of both groups can infect cells together which allows continuous production of viral
particles of both groups, either in vivo or in vitro. fo some embodiments, the present disclosure
provides recombinant RNA replicons and methods of use for the treatment and prevention of
proliferative diseases and disorders (e.g., cancer). The present disclosure enables the systemic
delivery of an efficacious recombinani RINA replicons suitable to treat a broad array of

profiferative disorders (e.g., cancers).

[3061] The section headings used herein are for organizational purposes only and are
not 1o be construed as limiting the subject matter described. All documents, or portions of
documents, ciied herein, including but not himited {0 patents, patent applications, articles,
books, and treatises, are hereby expressly incorporated by reference in their entivety for any
purpose. In the event that one or more of the incorporated documents or portions of documents
define a term that contradicis that term’s definition in the application, the definition that appears
in this apphication condrols. However, roention of any reference, article, publication, patend,
patent publication, and patent application cited herein is not, and should not be taken as an
acknowledgment, or any form of suggestion, that they constitute valid prior art or form part of

the common general knowledge in any country n the world.
Becombinant RNA replicon

3062} Picomavirus genomes follow a conserved 4-3-4 format, where the single
polyprotein 15 cleaved by virally encoded proteases 1nto the 57 leader protein (present only in
some species), four structural and seven (3 + 4) nonstructural proteins. Picomaviral genomes

start with a 5" untransiated region {UTR} and include the intemal ribosome entry site (IRES).
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Adjacent to the IRES, the 5° leader protein is a protease that sits at the 5° extreme of the
translated picornaviral poly protein, though it is not present in all members of the Picomavinidae
family. This 1s followed by the P1 region of the polyprotein, encoding in order the capsid
proteins VP4, VP2, VP3 and VPI respectively. These proteins are encoded by the VP4 coding
region, the VP2 coding region, the VP3 coding region and the VP1 coding region, respectively
{(together, these four coding regions are called the “VP coding regions™). The P2 region of the
translated polyprotein consists of 2A, 2B and 2C. The picornaviral 2A is a protein which can
be abisent, or in some cases present in more than one copy in the picornaviral genome. The final
segment of the picomaviral polyprotein is P3, comprising 3A, 3B, 3C and 3D. The 3B, also
known as VPg, 15 a small protein which associates with the 5 ternunus of the genore and plays
an essential role in genome replication. The protease encoded by 3C performs most of the
cleavages of the picomaviral polyprotein as well as inhibiting host transcription. Last among
the picornaviral proteins is 3D, the RN A-~dependent RNA polymerase (RdRp). The 3’ UTR of

picornaviruses typically have a poly-A tail.

6063} The present disclosure provides recombinant RNA replicons comprising a
picomavirus genome, wherein the picornavirus genome comprises a deletion and/or a
truncation n one or more coding regions. In some embodiments, the coding regions encodes
structural proteins {VP4, VP2, VP3 and VP1). In some embodiments, the picomavirus genome
of the replicon comprises a deletion of ali of the VP coding regions. In some embodiments, the
picornavirus genome of the replicon comprises deletions and/or truncations in each of the VP,
VP3 and VP2 coding regions. In some embodiments, the picornavirus genome of the replicon
comprises deletions of the VP1 and VP3 coding regions and truncation of the VP2 coding
region. In some embodiments, the deletions and truncations within the VP coding regions of
the picomavirus genome comprise at least 500 bp, at least 1000 bp, at least 1500 bp, at least
2000 bp, at least 2500 bp, or at feast 3000 bp. In some embodiments, the total deletions and

truncations within the VP coding regions of the picornavirus genome is at least 2000 bp.

[3064] In some embodiments, the recombinant RNA replicons comprise one or more
heterologous polynucleotide. In sore emboduments, the heterologous polyvoucleotide 1s
inserted into a site of the deletion or truncation. In some embodiments, the heterologous
polynucieotide is inserted betwsen a 2A coding region and a 2B coding region. In soms
embodiments, the heterologous polynucleotide 1s inserted between a 3D(RdARp) coding region
and a 37 untranslated region (UTR). In some embodiments, the one or more heterologous

polynucleotides comprise at least 1000bp, at least 2000 bp, or at least 3000 bp.
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6065} in some embodiments, the picomavirus genome is selected from a senecavirus
genome, a cardiovirus genorne, an enterovirus genome, and an aphthovirus genome. In some
embodiments, the viral genome s derived from a picornavirus selected from a Cardiovirus, a
Cosavirus, an Enterovirus, a Hepatovirus, a Kobuvirus, a Parechovirus, a Rosavirus, a
Salivirus, a Pasivirus, a Senecavirus, and a chimeric viral genome thereof In some
embodiments, the viral genome 15 derived from a picomavuus selected from Human
Rhinovirus, HRV (SEQ 1D NO: 5; GenBank accession No. K02121.1), Poliovirus, PV (SEQ
ID N 6; GenBank accession No. AF1119%4.2), Coxsackievirus A, CVA (SEQ ID NG 7,
GenBank accession No. AF546702.1), Bovine Enterovirus, BEV (SEQ 1D NO: §; GenBank
accession No, NC_ 0018591}, Enterovirus 71, EV71 {(S8EQ ID NO: 9; GenBank accession No.
KJ686308 1), Echovirus, ECHO (SEQ 1D NO: 10; GenBank accession No. AF029859.2),
Foot-and-Mouth virus, FMDV (SEQ ID NGO 11. GenBank accession No. D(Q989323.1),
Seneca Valley virus, SVV (SEQ 1D NQO: 12; GenBank accession No. NC_011349.1), Theiler’s
Murine Encephalomvelitis virus, TMEVY (SEQ ID NO: 13, GenBank accession No.
M203061.1), Mengovirus, MEV (BEQ ID NO: 14; GenBank accession No. L22089.1),
Encephalomyocarditis, EMCV (SEQ 1D NGO 15; GenBank accession No. X74312.1) — the
NCBI GenBank Accession MNo. of each virus is indicated i the parenthesis. To some
embodiments, the picornavirus genome is a seneca valley virus genome. In some embodiments,
the picomnavirus genome is a coxsackievirus genome. In some embodiments, the picomavirus
genome is an encephalomyocarditis virus genome. In some embodiments, the picomavirus

genome is a poliovirus genome (including a chimeric polio virus such as PVS-RIPO).

[3066] in some embodiments, the recombinant RNA replicons described herein
comprises a chimeric picornavirus genome (e.g., a viral genome comprising one portion, such
as a capsid protein or an IRES, that 1s derved from a frst picorsavirus, and another portion,
such as a non-structural protease or polymerase coding region derived from a second

picomnavirus}.

{B067] In some embodiments, the recombinant RNA replicon retains competency for
posttive and/or negative sirand RNA syothesis. Jo some embodiments, the rate of positive
and/or negative strand RNA synthesis of the recombinant RNA replicon is at feast 1%, at least
5%, at least 10%, at least 20%, at least 30%, at least 40%. at least 50%, at least 609, at least
T0%, at least 80%, at least 90%, or at least 160% of the rate of synthesis of the corresponding

wild type viral genome.
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0068} in some embodiments, the recombinant RNA replicon retains a viral replication
rate that 1s comparable to the wildiype viral genome. In some embodiments, the viral
replication rate of the recombinant RNA replicon is at least 1%, at least 5%, at least 10%, at
least 20%, at least 30%, at least 40%, at least 30%. at least 60%. at least 70%, at least 80%, at
feast 90%, or at least 100% of the viral replication rate of the corresponding wildtype viral

genome.

{3068} In some embodiments, the recombinant RNA replicon 1s provided as a
recornbinant ribonucleic acid (RNA). In some embodiments, the recombinant RINA replicons
comprise one or more nucleic acid analogues. Examples of nucleic acid analogues include 27~
O-methyl-substituted RNA, 2°-0O-methoxy-ethyl bases, 27 Fluoro bases, locked nucleic acids
(LNAs), unlocked nucleic acids (UNA), bridged nucleic acids (BNA), morpholinos, and
peptide nucleic acids (PN A}, In some embodiments, the recombinant RNA replicon is acircular
RNA molecule {circRNA) or a single stranded RNA {ssRNA). In some embodiments, the

simgle-stranded RNA 1s a posifive sense or negative sense strand.

{6070} In some embodiments, the recombinant RNA replicon is a circular RNA
molecule (circRNAS. CircRNA molecules lack the free ends necessary for exonucleass
mediated degradation, thus extending the half-life of the RNA molecule and enabling more
stable protein production over time. In order to produce a functional RNA repheon from a
circRNA molecule, it is necessary to “break open™ the circular construct once inside a cell so
that the linear RNA replicon with the appropriaie 37 and 5 native ends can be produced.
Therefore, in some embodiments, the recornbinant RNA replicon 1s provided as a circRNA
maolecule and further comprises one or more additional RNA sequences that facilitate the
linearization of the circRNA molecule inside a cell. Examples of such additional RNA
sequences include sSiIRNA target sites, miRNA targel sites, and guide RNA target sites. The
corresponding siIRNA, nuRNA, or gRNA can be co-formulated with the circRNA molecule.
Alternatively, the miRNA target site can be selected based on the expression of the cognate
miRNA in a target cell, such that cleavage of the circRWNA molecule and replication of the

replicon 15 Hintted to target cells expressing a particular miRNA.
Recombinant SVV replicon

[B87§] The disclosure provides recorubinant RNA rephicons comprising a Seneca

Vallev Virus {SVV) viral genome, wherein the SVV genome comprises a deletion or a
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truncation in one or more SVV protein coding regions. In some embodiments, the replicon

comprises a heterologous polvnucleotide.

{60721 In some embodiments, the SVV genome is selected from a wild-type SVV
genome {(such as SVV-A, SEQ 1D NO: 1) or a mutant SYV genome (such as SVV-IR2, SEQ
ID NO: 23 In some embodiments, the recombinant RNA replicon of the disclosure comprises

a chimerie SVV genome.

(0873 For SVV viral genome, the VP4 coding region encompasses nucleotide 904 1o
nucleotide 1116 according to SEQ 1D NO: 1. The VP2 coding region encompasses nucleotide
1117 to nucleotide 1968 according to SEQ ID NO: 1. The VP3 coding region encompasses
nucleotide 1969 to nucleotide 2685 according to SEQ 1D NO: 1. The VP! coding region
encompasses nucleotide 2686 to nucleotide 3477 according to SEGQ 1D NO: 1. The 2A coding
region encompasses nucleotide 3478 1o nucleotide 3504 according to SEQ ID N(O: 1. The 28

coding region encompasses nucleotide 3505 1o nucleotide 3888 according to SEQ ID NG: 1

[3074) In some embodiments, the SVV genome of the replicon comprises deletions
and/or truncations in one or more VP coding regions. In some embodiments, the replicons
described herein are admunistered to subjects in combination with a synthetic viral genome.
Without wishing to be bound by any particalar theory, it is thought that deleting and/or
truncating the VP coding regions 1n the rephicon will: 1) facilitate accoromodation of larger
payload cassettes than the virus itself and/or 2} render the replicon by tself incapable of cell to

cell spread.

[B075] In some embodiments, one, or at least one of the VP4, VP2, VP3 and VP!
coding regions are deleted and/or truncated. In sorue embodiments, two, or af least two, of the
VP coding regions comprising VP4, VP2, VP3 and VP are deleted and/or truncated. In some
embodiments, two, or at least two, of the VP coding regions comprising VP2, VP3 and VP1
are deleted and/or trancated. In some embodiments, three, or at feast three, of the VP coding
regions comprising VP4, VP2, VP3 and VP1 are deleted and/or truncated. In some
embodiments, all of the VP4, VP2, VP3 and VPI coding regions are deleted and/or truncated.
In some embodiments, the VP2 coding region is truncated and one of the VP3 coding region
and the VP1 coding region 1s deleted or truncated. To some erobodiments, the VP2 coding
region is fruncated and both the VP3 and VP1 coding regions are deleted and/or truncated. In
some embodiments, the SVV genome of the replicon comprises a deletion and/or tnmgeation of

each of the VP, VP3 and VP2 coding regions. In some embodiments, the SVV genome of the
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replicon comprises a deletion of the VP1 and VP3 coding regions and a truncation of the VP2
coding region. In some embodiments, the SVV genome of the replicon comprises one or more
deletions or fruncations in the VP2-VP3-VP1 region following one of the patierns listed in

Table 1 below.

Table §. Pattern of Deletion or Truncation in the VP2-VP3-YP1 Region of SYV Genome

Pattemn™* \ coding region VP2 VP3 VPI1
i T N N
5 T N T
3 T N D
4 T T N
3 T T T
6 T T D
7 T D ;
8 T D 1
9 T 3] D

10 N N N
11 N N T
12 N N D
13 N T N
14 N T T
15 N T D
16 N D N
17 N D H
18 N D D

=2 mdicates deletion; “T7 indicates truncation; "N indicates no truncation or deletion.

6076} in some embodiments, the SVV genome of the replicon comprises, consisis
essentially of, or consists of, one or more deletions or truncations of the 8VV genome within
the region corresponding to nucleotide 1261 {o nucleotide 3477, inclusive of the endpoints,
according to SEQ 1D NG: 1 and FIG. 1. Insome embodiments, the SV'V genome of the replicon
comprises a deletion of the SV'V genome region corresponding to nuclestide 1261 to nucleotide
3477, inclusive of the endpoints, according to SEQ ID NO: 1. In some embodiments, the
rephcon comprises one or more deletions or truncations within the region corresponding to
nucleotide 1407 to nucleotide 3477 according to SEQ ID NG: 1. In some embodiments, the
replicon comprises one or more deletions or truncations within the region corresponding to
nuclectide 1599 1o nucleotide 3477 according to SEQ ID NG: | In some embodiments, the
replicon comprises one or more deletions or truncations within the region corresponding to
nucleotide 1683 to nucleotide 3477 according to SEQ 1D NG: 1. In some embodiments, the

replicon comprises one or more deletions or truncations within the region corresponding 1o
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nucleotide 1924 to nucleotide 3477 according to SEQ ID NG 1. In some embodiments, the
replicon comprises one or more deletions or {runcations within the region corresponding to
nucleotide 2467 1o nucleotide 3477 according to SEQ ID NG: | In some embodiments, the
replicon comprises one or more deletions or truncations within the region corresponding to
nucleotide 1261 to nucleotide 3300 according to SEQ 1D NG: 1. In some embodiments, the
rephicon comprises one or more deletions or truncations within the region corresponding to
nucleotide 1261 to nucleotide 3000 according to SEQ I NG: 1. In some embodiments, the
replicon comprises one or more deletions or truncations within the region corresponding to
nucleotide 1261 to nucleotide 2700 according to SEQ ID NG 1. In some embodiments, the
replicon comprises one or more deletions or truncations within the region corresponding to
nucleotide 1261 to nucleotide 2400 according to SEQ 1D NG | In some embodiments, the
replicon comprises one or more deletions or truncations within the region corresponding to
nucleotide 1261 to nucleoide 2100 according to SEQ ID NG: 1. All ranges are inclusive of the

endpoints.

6077} in some embodiments, each of the deletion or the truncation comprises 1 or
more nuclestides. In some embodiments, each of the deletion or the truncation comprises 10
or more nucleotides. In some embodiments, each of the deletion or the truncation comprises 50
or more nucleotides. In some embodiments, each of the deletion or the truncation comprises
100 or more nucleotides. In some embodiments, each of the deletion or the truncation
comprises 500 or more nucleotides. In some embodiments, each of the delstion or the

truncation comprises 1000 or more nuclectides.

[G078] in some embodiments, the one or more deletions or truncations comprise at least
500 bp, at least 600 bp, at least 700 bp, at least 800 bp, at least 900 by, at least 1000 bp, at least
1100 bp, at least 1200 bp, at least 1300 byp, at least 1400 bp, at least 1500 bp, at least 1600 by,
at least 1700 bp, at least 1800 bp, at least 1900 bp, at least 2000 bp, at least 2100 bp, or at least
2200 bp of nucleotides n total. In some embodiments, the one or more deletions or truncations
consist of 500 bp, 600 bp, 700 bp, 804 bp, 900 bp, 1000 bp, 1100 bp, 1200 bp, 1300 bp, 1400
bp. £500 bp, 1660 bp, 1700 bp, 1800 bp, 1300 bp, 2000 bp, 2100 bp, 2200 bp, 2300 bp, 2400
bp. or any values in between, of nuclectides m total. In some embodiments. the one or more
deletions or truncations consist of between 500-2400 bp, between 500-2300 bp, between 500-
2200 bp, between 500-2000 bp, between 500-1500 bp, between 500-1000 bp, between 1000~
2300 bp, between 1000-2200 bp, between 1000-2000 bp. between 1000-1500 bp, between
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1500-2300 bp, between 1500-2200 bp, between 1500-2000 bp, between 2000-2300 bp, or

between 2000-2200 bp of mucleotides in total. All ranges are inclusive of the endpoints.

6079 In some embodiments, the SVV genome of the replicon comprises a 3° UTR. In
some embodiments, the SVV genome of the replicon comprises a 57 leader protein coding
sequence. In some embodiments, the SVV genome of the replicon comprises a non-truncated
VP4 coding region. In some embodiments, the SVV genome of the replicon comprises a VP2

coding region or a truncation thereof.

[G0RO] in some embodiments, the SVV genome of the replicon comprises, from 3" to
37, a 5 leader protein coding sequence, a VP4 coding region, and a VP2 coding region or a
truncation thereof In some embodiments, a portion of the SVV genome of the replicon
comprising the §° UTR, the §” leader protein coding sequence, the VP4 coding region and the

VP2 coding region or a truncation thereof has at least 70%, at least 75%, at least 809%, at least

el

859, at least 90%, at least 93%, at least 95%, at least 97%, at least 98%, at least 99%, at least
99.5%, or 100% sequence identiy to nucleotide 1 to 1260 of SEQ D NO: 1 or SEQ ID NO: 2.
In some embodiments, a portion of the SVV genome of the replicon comprising the 5" UTR,
the 5 leader protein coding sequence, the VP4 coding region and the VP2 coding region or a
truncation thereof has about 70%, about 75%, about 80%, about 85%, about 90%. about 93%,
about 95%, about 97%, about 98%. about 99%, about 99.3%, or 100% sequence wdenfity to
nucleotide 1 to 1260 of SEG 1D NO: 1 or 8EQ ID NO: 2. In some embodiments, a portion of
the SVV genome of the replicon comprising the 5" UTR, the 57 leader protein coding sequence,
the VP4 coding region and the VP2 coding region or a truncation thereof has at most 1, at most
3, at most 10, or at most 20 nucleotide mutations according to nucleotide 1 to 1260 of SEG ID

NO: 1 or SEQ IDNG: 2

{6081} In some embodiments, the SVV genome of the replicon comprises a §™ portion
of the VP2 coding region. Tn some embodiments, the §° portion of the endogenous VP2 coding
region is at least 50 bp, at least 60 by, at least 70 bp, at least 80 bp, at least 90 bp, at least 100
bp, at least 110 by, at least 120 bp, at least 130 bp, at least 140 bp, or at least 145 bp in length.
In some embodiments, the 57 portion of the endogenous VP2 coding region comprises about
S0 by, about 60 bp, about 70 bp, about 80 bp, about 90 bp, about 100 bp, about 110 bp, about
120 bp, about 130 bp, about 140 bp, about 145 bp, or any value in between. In some
embodiments, the 57 portion of the endogenous VP2 coding region is less than 50 bp, less than

60 bp, less than 70 bp, less than 80 by, less than 90 bp, less than 100 bp, less than 110 bp, less
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than 120 by, less than 130 by, less than 140 bp, or less than 145 bp in length. All ranges are

mchusive of the endpoints.

{60821 In some embodiments, the SYV genome of the replicon comprises a cig-acting
replication element (CRE). In some embodiments, the VP2 coding region or a truncation
thereof of the SVV genome of the replicon comprises a CRE. In some embodiments, the region
in the SVV genome of the replicon comprising a VP4 coding region and a VP2 coding region

ot a truncation thereof comprises a CRE,

[GOR3] in some embodiments, the CRE comprises about 10 bp, about 20 bp, about 30
bp, abowut 40 bp, about 50 bp, about 60 bp, about 70 bp, about 80 bp, about 90 bp, about 100
bp, about 110 bp, about 120 bp, about 130 bp, about 140 bp, about 150 bp, about 160 bp, about
170 bp, about 180 bp, about 190 bp, about 200 bp, or any value in between, of nucleotides. In
some embodiments, the CRE comprises at least 10 bp, at least 20 bp, at least 30 bp, at least 40
bp, at least 50 bp, at least 60 by, at least 70 bp, at least 80 bp, at least 90 by, at least 100 bp, at
teast 110 bp, at least 120 bp, at teast 130 bp, at least 140 bp, at least 150 bp, at least 160 bp, at
least 170 bp, at least 180 bp, at least 190 bp, or at least 200 bp, of nucleotides. In some
embodiments, the CRE comprises between 10-200 bp, between 10150 bp, between 10-100 bp,
between 10-75 bp, between 10-60 bp, between 10-50 bp, between 20-200 bp, between 20150
bp, between 20-100 bp, between 20-75 bp, between 20-60 bp, between 20-50 bp, between 30-
200 bp, between 30-150 bp, between 30-100 bp, batween 30-75 bp, between 30-60 bp, between
30-30 bp, between 40-200 bp, between 40-150 bp, between 40-100 bp, betwesn 40-75 bp,
between 40-60 bp, between 40-50 bp, between 50-200 bp, between 50-150 bp, between 50-100
bp. between 30-75 bp, or between 50-60 bp, of nucleotides. All ranges are inclusive of the

endpoints.

{6084} In some embodiments, the CRE comprises one or more nucleotides within the
region corresponding to nucleotide 1000 to nucleotide 1260 according to SEQ ID NG 1. In
some embodiments, the CRE comprises one or more nucleotides within the region
corresponding to nucleotide 1006 to nucleotide 1260, nucleotide 1050 to nucleotide 1260,
aucleotide 1100 to nucleotide 1260, nuclectide 1150 to nucleotide 1260, nucleotide 1200 o
nucleotide 1260, nucleotide 1000 to nucleotide 1250, nucleotide 1050 to nucleotide 1250,
nucleotide 1100 to nucleotide 1250, nucleotide 1150 to nucleotide 1230, nucleotide 1200 1o
nucleotide 1250, nucleotide 1000 to nucleotide 1200, nucleotide 1050 {0 nucleotide 1200,
nucleotide 1100 to nucleotide 1200, nucleofide 1150 to nuclectide 1200, nucleotide 1000 to

nucleotide 1130, nucleotide 1050 to nucleotide 1150, nucleotide 1100 to nucleotide 1150,
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nucleotide 1000 to nucleotide 1100, or nuclestide 1050 to nucleotide 1100, according to SEQ
IB NO: 1. In some embodiments, the CRE i¢ located within the region corresponding to
nucleotide 1000 to nucleotide 1260, nucleotide 1050 to nuclectide 1260, nucleotide 1100 to
nucleotide 1260, nucleotide 1150 to nucleotide 1260, nucleotide 1200 1o nucleotide 1260,
nucleotide 1000 to nucleotide 1250, nuclectide 1050 to nucleotide 1250, nucleotide 1100 1o
nucleotide 1250, nucleotide 1150 to nucleotide 1250, nucleotide 1200 to nucleotide 1230,
nucleotide 1000 to nucleotide 1200, nucleotide 1050 to nucleotide 1200, nucleotide 1100 to
nucleotide 1200, nucleotide 1130 to nucleotide 1200, nucleotide 1000 to nucleotide 1150,
nucleotide 1030 1o nucleotide 1150, nucleotide 1100 o nucleotide 1150, nucleotide 1000 to
nucleotide 1100, or nucleotide 1050 to nucleotide 1100, according to SEQ D NO: 1. All ranges

are inclusive of the endpoints.

3085 In some embodiments, the CRE comprises one or more nucleotides within the
region corresponding 1o nucleotide 1000 to nucleotide 1260 according 1o SEQIDNG: 1. In
some embodiments, the CRE comprises the polynucleotide sequence corresponding to
nucleotide 1000 to nucleotide 1260, nucleotide 1050 to nucleotide 1260, nucleotide 1100 to
nucleotide 1260, nucleotide 1130 to nucleotide 1260, nucleotide 1200 {0 nucleotide 1260,
nucleotide 1000 to nucleotide 1250, nucleotide 1050 to nucleotide 1250, nucleotide 1100 to
nucleotide 1250, nucleotide 1150 to nucleotide 1250, nucleotide 1200 to nucleotide 1230,
nucleotide 1000 to nucleotide 1200, nucleotide 1050 to nucleotide 1200, nucleotide 1100 1o
nucleotide 1200, nucleotide 1150 to nucleotide 1200, nucleotide 1000 to nucleotide 1130,
nucleotide 1050 to nuclectide 1150, nucleotide 1100 to nuclsotide 1150, nucleotide 1000 to
nucleotide 1100, or nucleotide 1050 to nuclectide 1100, of SEQ ID NG: 1. In soms
embodiments, the CRE comprises a polynucleotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 23%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% identity to the polynucleotide sequence corresponding to nucleotide 1000
to nuclestide 1260, nucleotide 1050 to nucleotide 1260, nuclestide 1100 to nucleotide 1260,
nucleotide 1150 to nucleotide 1260, nucleotide 1200 to nucleoiide 1260, nucleotide 1000 (o
nucleotide 1250, nucleotide 1050 to nucleotide 1250, nucleotide 1100 to nucleotide 1230,
nucleotide 1130 to nucleotide 1250, nucleotide 1200 to nucleotide 1230, nucleotide 1000 to
nucleotide 1200, nucleotide 1030 to nucleotide 1200, nucleotide 1100 to nucleotide 1200,
nucleotide 11350 to nucleotide 1200, nucleotide 1000 to nucleotide 1150, nucleotide 1030 to
nucleotide 1150, nucleotide 1100 1o nucleotide 1150, nucleotide 1000 to nucleotide 1100, or

nucleotide 1050 to nucleotide 1100, of SEQ ID NO: 1. All ranges are inclusive of the endpoinis.
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{6036} in some embodiments, the CRE comprises one or more nuclestides within the
region corresponding to nucleotide 1117 lo nucleotide 1260 according to SEQ D NGO: 1. The
polynucleotide sequence of this CRE region is represented by SEQ 13 NG: 149, In some
embodiments, the CRE comprises a polynucleotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 20%, at least 95%, at least 96%, at least 97%, at least 98%
at Jeast 99%, or 100% 1dentity to SEQ ID NO: 149, fu some embodiments, the CRE comprises
a polynucleotide sequence having at least 70%, at least 75%, at least 80%, at least 5%, at least
00%. at least 95%, at least 96%, at least 97%, ai least 98%, at least 99%, or 100% identity to a
10 consecutive nucleoiide segment of SEQ ID NG 149 In some embodiments, the CRE
comprises a polynucieotide sequence having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%. or 100%
identity to a 20 consecutive nucleotide segment of SEQ ID NO: 149. In some embodiments,
the CRE comprises a polynucleotide sequence having at least 70%, at least 75%, at least 80%
at least 85%, at least 90%, at least 95%, at least 96%, at laast 97%, at least 98%, at least 99%,
or 100% identity to a 30 consecutive nucleotide segment of SEQ ID NG. 149, In some
embodiments, the CRE comprises a polynucleotide sequence having at least 70%, at least 75%,
at Teast 80%, at least 83%, at least 90%, at lsast 93%, at least 96%, at least 97%, at least 98%,
at feast 99%, or 100% identity to a 40 consecutive nuclentide segment of SEQ 1D NO: 149 In
some embodiments, the CRE comprises a polynuclestide sequence having at least 70%, at least
75%, at least 80%, at feast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
D8%. at least 99%, or 100% identity to a 50 consecutive nuclectide segment of SEQ ID NO:
149 In some embodiments, the CRE comprises a polynucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at east 96%., at least 97%,
at least 98%, at least 99%, or 100% identity to a 60 consecutive nucleotide segment of SEQ D
NQO: 149, In some embodiments, the CRE comprises a polvnucleotide sequence having at least
709, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% identity {0 a 70 consecutive nucleotide segment of
SEQ ID NO: 149, In some embodiments, the CRE comprises a polynucieotide sequence having
at feast 70%, at least 75%, at least 30%, at least 83%, at least 20%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% identity {0 a 80 consecutive mucleotide
segment of SEQ 1D NO: 149, In some embodiments, the CRE comprises a polynucleotide
sequence having at least 70%, at least 75%, at least 80%, at least 85%. at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to a 90 consecutive
nucleotide segment of SEQ ID NG: 149, In some embodiments, the CRE comprises a
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polynucleotide sequence having at least 70%, at least 75%,, at [east 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% ideniity to a
100 counsecutive nucleotide segment of SEQ 1D NO: 149, In some embodiments, the CRE
comprises a polynuciectide sequence having at least 70%, at least 75%, at least 80%. at least
85%, at least 90%, at least 95%, at least 96%, at least 979, at least 98%, at least 99%, or 100%
wdentity to a 110 consecutive nucleotide segment of SEQ 1D NO: 149, In some emboduments,
the CRE comprises a polynucleotide sequence having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, ai least 95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% identity to a 120 consecutive nucleotide segment of SEQ ID NO: 149 In some
embodiments, the CRE comprises a polvnucieotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%., at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% identity to a 130 consecutive nucleotide segment of SEQ 1D NG: 149.
In some embodiments, the CRE comprises a polvnucleotide sequence having at least 70%, at
least 75%, at least 80%, at least 85%, at least 909%, at least 95%, at least 96%, at least 97%. at
least 98%, at least 99%, or 100% identity to a 140 consecutive nuclectide segment of SEQ ID
NO: 149

{60871 In some embodiments, the SVV genome of the replicon comprises one or more
deletions or truncations of the SVV genome within the region corresponding to nucleotide 1261
to nucleotide 3477, inclusive of the endpoints and according to the numbering of SEQ ID NG:
1, wherein the one or more deletions or fruncations comprise at feast SO0 bp in total, and
wherein the SVV genome of the replicon comprises a CRE polynucleotide sequence having at
least 70%. at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% identity to SEQ ID NG: 149, In some
embodiments, the SVV genome of the replicon comprises one or more deletions or truncations
of the SV'V genome within the region corresponding to nucleotide 1261 to nucleotide 3477,
inclusive of the endpoinis and according to the numbering of SEQ 1D NO: 1, wherein the one
or more deletions or truncations comprise at least 600 bp in total, and wherein the SVV genome
of the replicon comprises a CRE polynucleotide sequence having at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%. at
least 99%, or 1009% identity to SEQ ID NG: 149, In some embodiments, the SVV genome of
the replicon comprises one or more delefions or truncations of the SVV genome within the
region corresponding to nuclectide 1261 fo nucleotide 3477, inclusive of the endpoints and

according to the numbering of SEQ 1D NO: 1, wherein the one or more deletions or truncations
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comprise at least 700 bp in total, and wherein the SVV genome of the replicon comprises a
CRE polynucleotide sequence having at least 70%, at least 75%, at least 80%, at least 5%, at
least 90%, at least 93%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity
to SEQ 1D NG: 149, In some embodiments, the SVV genome of the replicon comprises one
or more deletions or truncations of the SVV genome within the region corresponding to
vucleotide 1261 to nucleotide 3477, inclusive of the endpounts and according to the numbering
of SE(} 1D NO: 1, wherein the one or more deletions or tnumcations comprise at least 800 bp in
total, and wherein the SVV genome of the replicon comprises a URE polvnucleotide sequence
having at Teast 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, at least
S6%, at least 97%, at least 98%, at least 99%, or 100% identity to SEQ ID NO: 149, In some
embodiments, the SVV genome of the replicon comprises one or more deletions or truncations
of the SVV genome within the region corresponding to nucleotide 1261 to nuclectide 3477,
inclusive of the endpoints and according to the numbering of SEQ ID NG: 1, wherein the one
or more deletions or truncations comprise at least 900 bp in total, and wherein the SVV genome
of the replicon comprises a CRE polynucleotide sequence having at least 70%, at least 75%, at
least 80%, at feast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identity to SEQ ID NO: 149, In some embodiments, the SVV genome of
the replicon comprises one or more deletions or truncations of the SVV genome within the
region corresponding to nuclestide 1261 to nucleotide 3477, inclusive of the endpoints and
according to the numbering of SEQ D NQO: 1, wherein the one or more deletions or trancations
comprise at least 1000 bp in total, and wherein the SVV genome of the replicon comprises a
CRE polynucleotide sequence having at least 70%, at least 75%, at least 80%, at least 5%, at
least 90%, at least 95%, at least 96%, at feast 97%, at least 98%, at least 99%, or 100% identity
to SEQ ID NG: 149 ¥o some ersbodirnents, the SVV genoroe of the replicon comprises one
or more deletions or truncations of the SVV genome within the region corresponding to
nucleotide 1261 to nucleotide 3477, inclusive of the endpoints and according to the numbering
of SEQ 1D NG: 1, wherein the one or more deletions or truncations comprise at least 1100 bp
in total, and wherein the SVV genome of the replicon comprises a CRE polynucleotide
sequence having at least 70%, at least 75%, at least 80%. at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity o SEQ ID NO:
149, In some erobodirnents, the SVV genome of the replicon comprises one or more deletions
or truncations of the SVV genome within the region corresponding to nucleotide 1261 to
nucleotide 3477, inclusive of the endpoints, and according to the numbering of SEQ ID NG: 1,
wherein the one or more deletions or trancations comprise at least 1200 bp in total, and wherein
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the SYV genome of the replicon comprises a CRE polynucleotide sequence having at least
TO%, at least 75%, ai least 80%, at least 85%, at least 90%, at least 95%, at least 96%, al least
97%, at least 98%, at least 99%, or 100% identity to SEQ 1D NO: 149, In some embodiments,
the SVV genome of the replicon comprises one or more deletions or fruncations of the SVV
genome within the region corresponding to nucleotide 1261 to nucleotide 3477, inclusive of
the endpoints, and according to the sumbering of SEQ 1D NO: 1, wherein the one or more
deletions or truncations comprise at least 1300 bp in total, and wherein the SVV genome of the
replicon comprises a CRE polynuclestide sequence having at least 70%, at least 75%, at least
0%, at least 85%, at least 90%. at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identity to SEQ ID NO: 149, In some embodiments, the SVV genome of the
replicon comyprises one or more deletions or truncations of the SVV genome within the region
corresponding to nucleotide 1261 to nucleotide 3477, inclusive of the endpoints, and according
to the numbering of SEQ 1D NO: 1, wherem the one or more deletions or truncations comprise
at least 1400 bp in total, and wherein the SVV genome of the replicon comprises a CRE
polynucleotide sequence having at least 70%, at least 75%,, at [east 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to
SEQ 113 NO: 149, In some embodiments, the SVV genome of the replicon comprises one or
more deletions or truncations of the SVV genome within the region corresponding to nucleotide
1261 to nucleotide 3477, inclustve of the endpoints, and according to the numbering of SEQ
T2 NG 1, wherein the one or more deletions or truncations comprise at least 1500 bp in total,
and wherein the SVV genome of the replicon comprises a CRE polynucleotide sequence having
at least 70%, at least 75%, ai least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 979, at least 98%., at least 99%, or 100% identity to SEQ 1D NO: 149 In some
embodiments, the SVV genowme of the replicon comprises one or roore deletions or truncations
of the SV'V genome within the region corresponding to nucleotide 1261 to nucleotide 3477,
inclusive of the endpoints, and according to the numbering of SEQ ID NG: 1, wherein the one
or more deletions or truncations comprise at least 1600 bp i fotal, and wherein the SVV
genome of the replicon comprises a CRE polynucleotide sequence having at least 70%, at least
75%, at least 80%, at least 85%, at least 9%, at least 95%, at least 96%, at feast 97%, ai least
98%, at least 99%, or 100% identity to SEQ ID NQG: 149, In some embodiments, the SVV
genome of the rephcon comprises one or more deletions or truncations of the SVV genome
within the region corresponding to nucleotide 1261 to nucleotide 3477, inclusive of the
endpoints, and according to the numbering of SEQ D NO: 1, wherein the one or more deletions
or fruncations comprise at least 1700 bp in total, and wherein the SVV genome of the replicon
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comprises a CRE polynucleotide sequence having at least 70%, at least 75%, at least 80%, at
least 85%, at teast 90%, at least 95%, at least 96%, at least 97%, at least 98%, ai least 99%, or
100% dentity to SEQ 1D NO: 149, In some embodiments, the SVV genome of the replicon
comprises one or more deletions or iruncations of the SVV genome within the region
corresponding to nucieotide 1261 to nucleotide 3477, inclusive of the endpoinis, and according
to the nurobering of SEQ 1D NO: 1, wheren the one or more deletions or truncations comprise
at least 1800 bp in total, and wherein the SVV genome of the replicon comprises a CRE
polynucieotide sequence having at least 70%, at least 75%, at least 80%, al least 85%, at least
0%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to
SEQ 113 NO: 149, In soroe embodiments, the SVV genome of the replicon comprises one or
more deletions or truncations of the SVV genome within the region corresponding to nucleotide
1261 to nucleotide 3477, inclusive of the endpoints, and according fo the numbering of SE(Q
D NO: 1, wherein the one or more deletions or truncations comprise at least 1900 bp in total,
and wherein the SVV genome of the replicon comprises a CRE polynucleotide sequence having
at least 70%, at least 75%, at least 30%, at least 3%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or 100% identity to SEQ ID NO: 149, In some
embodiments, the SVV genome of the replicon comprises one ot more deletions or truncations
of the SVV genome within the region corresponding to nucleotide 1261 to nucleotide 3477,
inclusive of the endpoints, and according to the numbering of SEQ ID NG: 1, wherein the one
or more deletions or truncations comprise at least 2000 bp in fotal, and wherein the SVV
genome of the replicon comprises a CRE polvnuclectide sequence having at least 70%, at least
75%, at least 80Y%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
8%, at least 99%, or 100% identity to SEQ ID NG: 149, In some embodiments, the SVV
senome of the replicon comprises one or roore deletions or fruncations of the SVV genome
within the region corresponding to nucleotide 1261 to nucleotide 3477, inclusive of the
endpoints, and according to the naombering of SEQ ID NG 1, wherein the one or more deletions
or fruncations comprise at least 2100 bp in total, and wherein the SVV genome of the replicon
comprises a CRE polynucleotide sequence having at least 70%, at least 75%, at least 80%. at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identity to SEQ 1D NO: 149, In some embodiments, the SVV genome of the replicon
comprises one or more deletions or fruncations of the SVV gevome within the region
corresponding to nucleotide 1261 to nuclentide 3477, inclusive of the endpoints, and according
to the numbering of SEQ ID NO: 1, wherein the one or more deletions or truncations comprise
at least 2200 bp in total, and wherein the SVV genome of the replicon comprises a CRE
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polynucleotide sequence having at least 70%, at least 75%,, at [east 80%, at least 85%, at least
90%, at least 95%, at least 969%, at least 97%, at least 98%, at least 99%, or 100% identity to

SEQ ID NG 149,

6088 In some embodiments, the SVV genome of the replicon comprises one or more
of a 2B coding region, a 2C coding region, a 3A coding region, a 3B coding region, a 3Cpro
coding region, and a 3D{RdRp) coding region. In some embodiments, the 8VV genome of the
replicon comprises a 2B coding region, a 2C coding region, a 3A coding region, a 3B coding
region, a 3Cpro coding region, and a 3D{RdARp) coding region. In some embodiments, the SYV
genome of the replicon comprises a 2C coding region, a 3A coding region, 3 3B coding region,
a 3Cpro coding region, and a 3D(RdRp) coding region. In some embodiments, the SVV
genome of the replicon comprises, from 5° to 37, the 2B coding region, the 2C coding region,
the 3A coding region, the 3B coding region, the 3Cpro coding region, and the 3D(RdRp) coding

region. In some embodiments, a portion of the SVV genome of the replicon comprising the 2B

coding region, the 2C coding region, the 3A coding region, the 3B coding region, the 3Cpro
coding region, and the 3D(RdRp) coding region has at least 70%, at least 75%, at least 80%, at
least 5%, at least 90%, at least 93%, at least 95%, at least 979, at least 98%, at feast 99%, at
least 99.5%, or 100% sequence identity to nucleotide 3508 to 7310 according to SEQ 1D NO:

1.

[6089] in some embodiments, the recombinant RINA replicon comprises, from 5" 10 37,
the §° leader protein coding sequence, the VP4 coding region, the VP2 coding region or a
truncation thereof, and the heterologous polynucleotide. In some embodiments, the replicon

comprises, from 5" to 37, the heterologous polynucleotide and the 2B coding region. In some
embodiments, the recombinant RNA replicon comprises, from 57 to 37, the heterologous
polynucleotide, the 2B coding region, the 2C coding region, the 3A coding region, the 3B

coding region. the 3Cpro coding region, and the 3D(RdRp).

(3096} in some embodiments, the SVV genome comprises a 2A coding region. In some
embodiments, the 2A coding region is located between the VP2 coding region or a truncation
thereof and the heterologous polynacleotide. In some embodiments, the 2A coding region is

located between the heterologous polynucleotide and the 2B coding region.

{0691} in some embodimenis, the SVV derived replicon comprises one or more
heterologous polynucleotides. In some embodiments, the heterologous polynucleotide of the

replicon comprises at least 500 bp, at least 1000 bp, at least 1500 bp, at least 2000 bp, at least
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2500 bp, or at least 3000 bp. In some embodiments, the one or more heterologous
polynucleotides comprises at least 300 bp, at least 1000 bp, at least 1500 bp, at least 2000 bp,

at teast 2500 bp, or at least 3000 bp 1o total.

60921 In some embodiments, the SVV derived replicon comprises a sequence having
at least 709, at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, at least 95%,
at least 97%, at least 98%, at least 99%, at least 99.5%, or 100% sequence identity to any one
of SEQ 1D NOs: 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 36, 38,
and 60.

{6093} in some embodiments, the SVV derived replicon comprises an SVV genome
and a heterologous polynucleotide; wherein the SVV genome comprises a deletion between
nucleotide 1261 and 3477, inclusive of the endpoints, and according to the numberning of SEQ
1D WNO: 1, wherein the deletion is at least 500 bp, 600 bp, 700 bp. 800 bp, 900 bp, 1000 bp,
1100 bp, 1200 bp, 1300 bp, 1400 bp, 1500 bp, 1600 bp, 1700 bp, 1800 bp, 1900 bp, 2000 bp,
2100 by, 2200 bp, 2300 bp, or 2400 bp wn total fength; wherein the SVV genorse comprises a
CRE comprising a polynucleotide sequence having at feast 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at

least 99.5%, or 100% identity (o SEQ ID NG: 149,

6094} In some emboduments, the SVV derived replicon conprises an SVV genome
and a heterologous polynucleotide; wherein the 8VV genome comprises a deletion between
nucleotide 1261 and 3477, inclusive of the endpoints, and according to the numbering of SE
T2 NG: 1, wherein the deletion is at least 500 bp, 600 bp, 706 bp, 800 bp, 900 bp, 1000 bp,
1100 bp, 1200 bp, 1300 bp, 1400 bp, 15300 bp, 1600 bp, 1700 bp, 1800 bp, 1900 bp, 2000 bp,
2100 by, 2200 bp, 2300 bp, or 2400 bp in total length; wherein the SVV genome conprises a

CRE comprising a polynucieotide sequence having at least 90% identity to SEQ ID NO: 149.

{0095 In some embodiments, the SVV derived replicon comprises an SVV genome
and a heterologous polynucleotide; wherein the SVV genome comprises a deletion between
nucleotide 1261 and 3477, inclusive of the endpoints, according to the numbering of SEQ 1D
NG: 1, wherein the deletion is at least 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1000 bp, 1100
bp. 1200 bp, 1300 bp, 1400 bp, 1500 bp. 1600 bp, 1700 bp, 1800 bp. 1900 bp. 2000 bp, 2100
bp. 2200 bp, 2300 bp, or 2400 bp in total length; wherein the SVV genome compiises a
polynucieotide sequence having at least 70%, at least 75%, at [east 80%, at least 85%, at least

0%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at leasi 99.5%, or
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100% 1dentity to nucleotide 1 to 1260 according to SEQ ID NO: 1; wherein the SVV genome
comprises a polynucleotide sequence having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 93%. at least 6%, at lsast 97%, at least 98%, at least 99%, at least
99.5%, or 100% identity to nucleotide 3505 to 7310 according to SEQ 1D NO: 1; and wherein
the SVV genome comprises a CRE comprising a polynuclestide sequence having at least 70%,

=
i
7

at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, at least 96%, at leasi 97%,

at feast 98%, at least 99%, at least 99.5%, or 100% identity to SEQ ID NO: 149,

6096} in some embodimends, the SVV derived replicon comprises an SVV genome
and a heterologous polynuclestide; wherein the SVV genome comprises a deletion between
nucleotide 1261 and 3477, mclusive of the endpoints, according to the numbering of SEQ D
NG 1, wherein the deletion is at least 500 bp, 600 bp. 700 bp, 800 bp, 900 bp, 1000 bp, 1100
bp, 1200 bp, 1300 bp, 1400 bp, 1500 bp, 1600 bp. 1700 bp, 1800 bp, 1900 bp, 2000 bp, 2100
bp, 2200 bp, 2300 bp, or 2400 bp in total length, wherein the SVV genome comprises a
polynucleotide sequence baving at least 90% identity to nucleoude 1 to 1260 according to SEQ
ID NQO: 1; wherein the SVV genome comprises a polvnucleotide sequence having at least 90%
identity to nucleotide 3505 to 7310 according to SEQ D NG: 1; and wherein the SVV genome
comprises a CRE comprising a polvnucleotide sequence having at least 90% identity to SEQ

1D NO: 149,
Recombinant Coxsackievirus Replicon

6097} The disclosure provides recombinant RNA replicons comprising a
coxsackievirus viral genome, wherein the coxsackievirus genome comprises a deletion or a
truncation in one or more coxsackigvirus protein coding regions. In some embodiments, the

rephcon comprises a heterologous polynucleotide.

{6095} in some embodiments, the coxsackievirus is selected from CVB3, CVA21, and
CVAS9. The nucleic acid sequences of exemplary coxsackieviruses are provided as GenBank
Reference No. M33854.1 (CVB3; SEQ ID NGO 16), GenBank Reference No. KT161266.1
(CVA21; SEQ 1D NO: 17), and GenBank Reference No. D0O0627.1 {CV A9, SEQ ID NG: 18).
In some embodiments, the recombinant RMNA replicon described herein encode a chimeric
coxsackievirus.

{8099] For coxsackievirus viral genome, the VP4 coding region encompasses
nucleotide 714 to nucleotide 920 according to SEQ 1D NO: 3. The VP2 coding region

encompasses nucleotide 921 to nucleotide 1736 according to SEQ ID NO: 3. The VP3 coding
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region encompasses nucleotide 1737 to nucleotide 2456 according to SEQ ID NO: 3. The VP1
coding region encompasses nucleotide 2457 to nucleotide 3350 according to SEQ ID NGO 3.
The 2A coding region encompasses nucleotide 3351 to nucleotide 3797 according to SEQ ID
NO: 3. The 2B coding region encompasses nucleotide 3798 to nucleotide 4088 according to

SEQ ID NO: 3.

{33108 In some embodiments, the recombinant RNA replicon comprises a
coxsackievirus genome compnsing the 57 UTR sequence of SEQ 1D NO: 4. In such
embodiments, the 3° UTR sequence of SEQ 1D NO: 4 unexpectedly increases the production
of a functional coxsackievirus compared to other previously described 37 UTR sequences. In
some embodument, the recombinant RNA replicon comprises a modified CVAZ2Y

coxsackievirus genome according to the sequence of SEQ 1D NG 3,

60101} In some embodiments, the coxsackievirus genome of the replicon comprises
deletions and/or fruncations in one or more VP coding regions. In some embodiments, one, or
at least one of the VP4, VP2, VP3 and VP1 coding regions are deleted and/or truncated. In
some embodiments, two, or at least two, of the VP coding regions comprising VP4, VP2, VP3
and VP are deleted and/or truncated. In some embodimenis, three, or at least thrae, of the VP
coding regions comprising VP4, VP2, VP3 and VP1 are deleted and/or truncated. Tn some

embodiments, all of the VP4, VPZ, VP3 and VP1 coding regions are deleted and/or truncated.

[30102] in some embodiments, the coxsackievirus genome of the replicon comprises,
consisis essentially of, or consists of, one or more deletions or truncations of the coxsackievirus
genome within the region corresponding to nuclectide 714 to nucleotide 3350, inclusive of the
endpoints, according to SEQ 1D NO: 3. n some ernbodiments, the coxsackievirus genome of
the replicon comprises a deletion of the coxsackievirus genome region corresponding to
nucleotide 714 to nucleotide 3350, inclusive of the endpoints, according to SEQ ID NO: 3. In
some embodiments, the replicon comprises one or more deletions or truncations within the
region corresponding to nucleotide 1000 to nucleotide 3350 according to SEQ D NG 3. In
some embodiments, the replicon comprises one or more deletions or truncations within the
region corresponding to nucleotide 714 to nucleotide 3350, nucleotide 1000 {o nucleotide 3350,
nucleotide 1500 to nuclectide 3350, nucleotide 2000 to nuclsotide 3350, nucleotide 2500 to
nucleotide 3350, nucleotide 714 1o nucleotide 3000, nucleotide 1000 to nucleotide 3000,
nucleotide 1500 1o nucleotide 3000, nucleotide 2000 o nuclectide 3000, nuclgotide 2500 to
nucleotide 3000, nucleotide 714 to nucleotide 2500, nucleotide 1000 to nucleotide 2500,

nucleotide 1500 to nucleotide 2500, nucleotide 2000 to nucleotide 2500, nucleotide 714 to
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nucleotide 2000, nucleotide 1000 to nucleotide 2000, nuclestide 1500 to nucleotide 2000,
nucleotide 714 to nucleofide 1500, or nucleotide 1000 io nucleotide 1500, inclusive of the

endpoints, according to SEQ 1D NO: 3. All ranges are inclusive of the endpoints.

[30103] In some embodiments, the coxsackievirus genome of the replicon comprises,
consisis essentially of, or consists of, one or more deletions or truncations of the coxsackievirus
genome within the region corresponding to nucleotide 717 to nucleotide 3332, inclusive of the
endpoints, according to SEQ 1D NO: 3. In some embodiments, the coxsackievirus genome of
the replicon comprises a deletion of the coxsackievirus genome region corresponding to
nucleotide 717 to nucleotide 3332, inclusive of the endpoints, according to SEQ IDNG: 3. In
some embodiments, the replicon comprises one or more deletions or truncations within the
region corresponding to nucleotide 1000 to nucleotide 3332 according to SEQ ID NG 3. In
some embodiments, the replicon comprises one or more deletions or truncations within the
region corresponding to nucleotide 717 to nucleotide 3332, nucleotide 1000 to nucleotide 3332,
aucleotide 1500 to nucleotide 3332, nuclectide 2000 to nucleotide 3332, nucleotide 2500 to
nucleotide 3332, nucleotide 717 to nucleotide 3000, nucleotide 1000 to nucleotide 3000,
nucleotide 1500 1o nucleotide 3600, nucleotide 2000 o nucleotide 3000, nuclgotide 2500 to
nucleotide 3000, nucleotide 717 to nucleotide 2500, nucleotide 1000 to nucleotide 2500,
nucleotide 1500 to nucleotide 2500, nucleotide 2000 to nucleotide 2500, nucleotide 717 to
nucleotide 2000, nucleotide 1000 to nuclestide 2000, nucleotide 1500 to nucleotide 2000,
nucleotide 717 io nucleotide 1500, or nucleotide 1000 to nucleotide 1500, inclusive of the

endpoints, according to SEQ I NO: 3. All ranges are inclusive of the endpoints.

{60104} in some embodiments, each of the deletion or the truncation comprises 1 or
more nucleotides. In some embodiments, each of the deletion or the tnmcation comprises 10
or more nucleotides. In some embodiments, each of the deletion or the truncation comprises 30
or roore nucleotides. n some embodiments, each of the deletion or the truncation coroprises
100 or more nucleotides. In some embodiments, each of the deletion or the truncation
comprises 300 or more nucleotides. In some embodiments, each of the deletion or the

truncation comprises 1000 or more nucleotides. All ranges are inclusive of the endpoinis.

[B0105] In some embodiments, the one or more deletions or truncations comprise at least
300 bp, at least 600 bp, at least 700 by, at least 800 bp. at least 900 byp, at least 1000 bp, at least
1100 bp, at least 1200 bp, at least 1300 bp, at least 1400 by, at least 1300 bp, at least 1600 bp,
at Teast 1700 bp, at least 1800 bp, at least 1900 bp, at least 2000 bp. at least 2100 bp, at least
2200 bp, at least 2300 bp, at least 2400 bp. at least 2500 bp, at least 2600 bp, at least 2615 bp,
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at least 2636 bp, at least 2650 bp, or at least 2700 bp of nucleotides in total. In some
embodiments, the one or more deletions or truncations consist of 500 bp, 600 bp, 700 bp, 800
bp, 900 bp. 1000 bp, 1100 bp, 1200 bp. 1300 bp, 1400 bp. 1500 bp, 1600 bp, 1700 bp, 1800
bp, 1900 bp, 2000 bp, 2100 bp, 2200 bp, 2300 bp, 2400 bp, 2500 bp, 2600 bp. 2700 bp. or any
values in between, of nucleotides in total. In some embodiments, the one or more deletions or
truncations consist of between 500-2700 bp, between 500-2600 bp, between 500-2300 bp,
between 500-2000 bp, between 500-1300 bp, between 500-1000 bp, between 1000-2700 bp,
between 1000-2600 bp, between 1000-2300 bp, between 1000-2000 bp, between 1000-1500
bp, between 15060-2700 bp, between 1500-2600 bp, between 15300-2300 bp, between 1500~
2200 bp, between 1500-2000 bp, between 2000-2700 bp, between 2000-2600 bp, between
2000-2300 bp, or between 2000-2200 bp of nuclectides in total. All ranges are inclusive of the
endpoints.

[30106] In some embodiments, the coxsackievirus genome of the replicon comprises a
57 UTR. In some embodiments, a portion of the coxsackievirus genorme of the replicon
comprising the 5° UTR has at least 70%. at least 75%, at least 80%, at least #5%, at least 90%,
at least 93%, at feast 95%, at least 97%, at least 98%, at least 999%, ai least 99.5%, or 100%
sequence wdentity to SEQ 1D NO: 4. In some embodiments, a portion of the coxsackievirus
genome of the replicon comprising the 3° UTR has about 70%, about 75%, about 80%, about
85%, about 90%, about 93%, about 95%, about 97%, about 98%, about 99%, about 99 5%, or
100% sequence identity to SEQ ID NO: 4 In some embodiments, a portion of the
coxsackievirus genome of the replicon comprising the 5° UTR has at most 1, at most 5, at most

10, or at most 20 nucleotide muttations according to SEQ ID NO: 4.

{60107} in some embodiments, the coxsackievirus genome of the replicon comprises
one or rmore of a 2B coding region, a 2C coding region, a 3A coding region, a 3B coding region,
a VPg coding region, a 3C coding region, a 313 pol coding region, and a 3” UTR. In some
embodiments, the coxsackievirus genome of the replicon comprises a 2B coding region, a 2C
coding region, a 3A coding region, a 3B coding region, a VPg coding region, a 3C coding
region, a 3D pol coding region, and a 37 UTR. In some embodiments, the coxsackievirus
genome of the replicon comprises, from 5” to 37 direction, the 2B coding region, the 2C coding
region, the 3A coding region, the 3B coding region, the VPg coding region, the 3C coding
region, the 3D pol coding region, and the 3° UTR. In some embodiments, a portion of the
coxsackievirus genorse coroprising the 28 coding region, the 2C coding region, the 3A coding

region, the 3B coding region, the VPg coding region, the 3C coding region, the 3D pol coding
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region, and the 3° UTR has at least 70%, at least 75%, at least 80%, at least §5%, at least 90%,
at least 93%, at feast 95%, at least 97%, at least 98%, at least 999%, at least 99.5%, or 100%

sequence identity to nucleotide 3797 to 7435 according to SEQ ID NG 3.

{30108 in some embodiments, the replicon comprises, from 5™ to 3°, the 3° UTR and
the heterologous polynucleotide. In some embodiments, the replicon comprises, from §™ t0 37,
the heterologous polynucleotide and the 2B coding region. In some embodiments, the
recombinant RNA replicon comprises, from 37 to 37, the heterologous polynuclectide, the 2B
coding region, the 2C coding region, the 3A coding region, the 3B coding region, the VPg

coding region, the 3C coding region, the 3D pol coding region, and the 3 UTR.

[60109] In some embodiments, the replicon further comprises a 2A coding region. In
some embodiments, the 2A coding region is located between the 7 UTR and the heterologous
polynucleotide. In some embodiments, the 2ZA coding region is locaied between the
heterologous polynucleotide and the 2B coding region. In some embodiments, the replicon
comprises, from 5° to 37, the 5° UTR, the heterologous polynucleotide, and the 2A coding
region. In some embodiments, the coxsackievirus genome of the replicon comprises, from 5
16 37 direction, the heterclogous polynucieotide, the 2A coding region, the 2B coding region,
the 2C coding region, the 3A coding region, the 3B coding region, the VPg coding region, the

3C coding region, the 3D pol coding region, and the 3 UTR,

[60110] in some embodiments, the coxsackievirus genome of the replicon comprises,
from 57 to 37 direction, the 2A coding region, the 2B coding region, the 2C coding region, the
34 coding region, the 3B coding region, the VPg coding region, the 3C coding region, the 3D
pol coding region, and the 3° UTR. In some embodiments, a portion of the coxsackievirus
genome comprising the 2A coding region, the 2B coding region, the 2C coding region, the 3A
coding region, the 3B coding region, the VPg coding region, the 3C coding region, the 3D pol
coding region, and the 3° UTR has at teast 70%, at least 75%, at least 80%, at least 85%, at
least 90%. at least 93%, at least 93%, at least 97%., at least 98%, at least 99%, at least 99 5%,

or 100% sequence identity to nucleotide 3492 to 7435 according to SEQ 1D NO: 3.

[0} In some embodiments, the coxsackievirus derived replicon comprises one or
maore heterologous polynucleotides. Tn some embodiments, the heterologous polynucleotide of
the replicon has a length of at least 500 bp, at least 1000 bp, at least 1500 byp, at least 2000 bp,

at least 2500 bp, or at least 3600 bp. In some embodiments, the one or more heterologous
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polynucleotides have a total length of at feast S00 bp, at least 1000 bp, at least 1500 bp, at least

2000 bp, at least 2500 bp, or at least 3000 bp. All ranges are inclusive of the endpoints.

{66112} In some embodiments, the coxsackievirus derived replicon comprises a
sequence having at least 70%, at least 75%, at least 80%, at least 85%. at least 90%, at least
939, at least 95%, at least 97%, at least 98%, at least 99%, at east 99.5%, or 100% sequence
identity to SEQ ID NO: 62,

Heterslogous Polynuclestide and Pavioad Molecules

[303113] In some embodiments, the replicon comprises a heterologous polynuclectide

encoding one or more payload molecules.

{60114} in some embodiments, the heterologous nuclectide is inserted into a viral
genome location between the 2A coding region and the 2B coding region of the viral genome
of the replicon. In some embodiments, the heterologous nucleotide is inserted mto a viral
genome location upstream to the 2A coding region of the viral genome of the replicon. In some
embodiments, the heterologous nucleotide is mserted into a viral genome location downsiream

to the 3D (RdRp} or 3D pol coding region.

[B0115] in some embodimends, the heterologous nucleotide is inserted nio a replicon
comprising an SVV viral genome. In some embodiments, the heterclogous nucleotide is
inserted into the region of the viral genome corresponding to nuclectide 1117 10 3479 of SEQ
B NG: 1 In some embodiments, the heterologous nucleotide 18 inseried into the region of the
viral genome corresponding to nucleotide 3504 to 3505 of SEQ I NO: 1. In some
embodiments, the heterologous nucleotide is inserted into the region of the viral genome

corresponding to mucleotide 7209 to 7210 of SEQ ID NO: 1.

[pG116] In some embodiments, the heterologous nucleotide is inserted nio a replicon
comprising a coxsakievirus viral genome. In soroe embodiments, the heterologous nucleotide
is mserted into the region of the viral genome corresponding to nucleotide 713 10 3351 of SEQ
ID NQ: 3. In some embodiments, the heterologous nucleotide is inserted into the region of the
viral genome corresponding to nucleotide 3797 1o 3798 of SEQ I3 NO: 3 In some
embodiments, the heterofogous nucleotide is inserted into the region of the viral genome

corresponding to nucleotide 7334 to 7335 of SEQ ID NG: 3.

fo0117] In some embodiments, one or more miRNA target sequences are inserted into

the heterologous polynucleotide encoding the pavload molecule. Tn some emboduments, one or
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more miRNA target sequences are incorporated nto the 37 or 57 UTR of the heterclogous
polynucleotide encoding the payload molecule. In some embodiments, one or more miRNA
target sequences are incorporated into the coding region of the heterclogous polvnucleotide
encoding the payload molecule. In such embodiments, translation and subsequent expression
of the payload does not occur, or is substantially reduced, in cells where the corresponding

miRNA 15 expressed. In some embodiments, the payioad molecule is a protein.

[B0118] In some embodiments, the pavioad molecule is a secreted protein. In some
embodiments, the secreted protein comprises a signal peptide. In some embodiments, the
secreted profein comprises a non-native signal peptide. In some embodiments, the signal
peptide facilitates the secretion of the pavioad molecule. In some embodiments, the secreted

protein does not have a signal peptide.

[60119] In some embodiments, the heterologous polynuclestide encoding the pavicad
molecule forms a continuous open reading frame with one or more of the viral protein coding
regions. Here, continuous open reading frame refers to a sequence of specitic vucleotide triplets
that can be translated into a continuous polypeptide. In some embodiments, the payload
molecule and the viral protein are linked by a cleavage polvpeptide. In some embodiments, the

viral protein is 2B,

{60120} In some embodiments, the pavicad molecule is a cviotoxic peptide. As used
herein, a “cytotoxic peptide” refers {0 a protein capable of inducing cell death when expressed
inn a host cell and/or cell death of a neighboring cell when secreted by the hosi cell. In some

embodiments, the cytotoxic peptide is a caspase,

rbozyme inactivating protems {(RiPs) {e.g, saponn ¢

ike foxin 1 (Sl

er-red}. In certain embodiments, the cytotoxic peptide is encoded by a suicide gene resulting

in cell death through apoptosis, such as a caspase gene.

{66121} In sorne embodiments, the pavioad molecule 15 an tmmune modulatory peptide,
As used herein, an “immuune modulatory peptide”™ is a peptide capable of modulating (e.g,
activating or inhibiting) a particular immumne receptor and/or pathway. In some embodiments,
the immune modulatory peptides can act on any mammalian cell including immune cells, tissue
cells, and stromal cells. In a preferred embodiment, the imumune modulatory peptide acts on an
immune cell suchas a T cell, an NK cell, an NKT Teell, a B cell, a dendritic cell, amacrophage,

a basophil, a mast cell, or an eosinophil. Exemplary immune modulatory peptides include
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antigen-binding molecules such as antibodies or antigen binding fragments thereof, cytokines,
chemokines, soluble receptors, cell-surface receptor hgands, bipartite polypeptides, and

enzymes.

[60122] in some embodiments, the pavioad molecule is a cvtokine such as IFNg, GM-
CSF, 1L-1, 1L-2, TE-12, IL-15, 1L-18, IL-36y, TNFo, IFNg, IFNp, IFNy, or TNFSF14. In some
embodiments, the pavioad molecule 15 a chemokine such as CXCL10, CXCLY, CCL2L, CCLA4,
or CCLS. In some embodiments, the pavioad molecule is a ligand for a cell-surface receptor
such as an NKG2D ligand, a veuropilin ligand, FUt3 ligand, a CD47 ligand (e.g., SIRPla). In
some embodiments, the pavicad molecule 15 a soluble receptor, such as a soluble cytokine
receptor {e.g., IL-13R, TGFPRI, TGFPRRZ, 1L-35R, IL-15R, IL-ZR, IL-12R, and interferon
recepiors) or a soluble innate immune receptor {e.g., Toll-like receptors, complement receptors,
etc.). In some embodiments, the payload molecule i1s a dominant agonist mutant of a protein
involved in intracellular RNA and/or DNA sensing (e.g. a dominant agonist mutant of STING,

RIG-1, or MIDA-S).

[66123] In some embodiments, the pavload molecule 15 an antigen-binding molecule
such as an antibody or antigen-binding fragments thereof {e.g., a single chain variable fragment
(scFv), an F(aby), etc.). In some embodiments, the antigen-binding molecule specifically binds
to a cell surface receptor, such as an immune checkpoint receptor {e.g., PD-1, PD-L1, and
CTLA4) or additional cell surface receptors involved in cell growth and activation {e.g., OX40,

CD200R, CD47, CSFIR, 41BB, D40, and NKG2ZD). In some embodiments, the antigen-

binding molecule specifically binds o an antigen shown in Table 3 and/or 4.

{66124} In some embodiments, the payload molecule is a scorpion poly peptide such as

chlorotovin, Bm¥n-2, neoplading 1, neopladine 2, and mauriporin. In some embodiments, the

payload molecule is a snake polypeptide such as contortrostatin, apoxin-I, bothropstoxin-i,
Blcul, OHAP-1, rhodostomin, drCT-I, CTX-HI, BI1L, and ACTX-6. In some embodiments,
the pavlioad molecule is a spider polypeptide such as a latarcin and hyaluronidase. In some
embodiments, the pavioad molecule is a bee polypeptide such as melittin and apamin. In some

embodiments, the payicad molecule 1s a frog polypeptide such as PsT-1, PdT-1, and PdT-2.

[00125] In some embodiments, the payload molecule s an envyme In some
embodiments, the enzyme 1s capable of modulating the tumor mucroenvironment by way of
altering the extracellular matnx. In such embodiments, the enzyme may include, but is not

limited to, a matrix metalloprotease (¢ g., MMP9), a collagenase, a hyaluronidase, a gelatinase,
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nitroreductase, carboxypey

In some embodiments, the enzyme is capable of inducing or activating cell death pathways in
the target cell {e. g, a caspase). In some embodiments, the enzvme is capable of degrading an
extracellular  metabolite  or wmessage {eg  arginase or 1S-Hydroxyprostaglandin

Dehydrogenase).

[60126] in some embodiments, the payload molecule is a bipartite polypeptide (bipartite
antigen binding molecule). As used herein, a “bipariite polypeptide” refers to a multimeric
protein comprised of a first domain capable of binding a cell surface antigen expressed on a
non-cancerous effector cell {e.g, a T cell) and a second domain capable of binding a cell-

surface antigen expressed by a target cell {e.g.. a cancerous cell, a tumor cell, or an effecior

cell of a different type). In some embodiments, the individual polypeptide domains of a

yain antibody (VI

H

rpeptides may be a dual-variable

the structure of the bipartite pol

(e

€

. & bisgpacific T

a dJomain that specifically binds {0 an antigen shown in Table 3 and/or 4. Exemplary BiTEs are

shown below in Table 2.

Table Z: Validated BiTEs used in preclinical and clinical studies

Target Name Target Discase Clinical Status
Blinatumomab/MT-103/MEDI-

D1y 538 NHL, ALL Phase I/H/HT

EpCAM | MT116 Solid tumors Phase |

CEA MT1TI/MEDI-563 (il adenocarcinoma Phase |
Pasotuxizumab/BAY 201011 2/A

PSMA MGEI2 Prostaie Phase I

D33 AMG330 AML Preclinical

EGFR C-BiTE and P-BiTE antibodies Colorectal cancer Preclinical
F)"HOI‘ﬂAb, CO‘/‘A‘-LZG, HERZ- | Breast and gagiric

Her2 BsAb carcinoma Preciinical

EphA2 becEphA2xCD3 Multiple sohid tumors Preclinical

MCSP MCSP-RiTE Melanoma Preclinical

ADAMI17 | A300E Prostate cancer Preclinical
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Target Name Target Disease Clinical Status
PSCA CD3-PRSCAMBD Prostate cancer Preclinical
17-A1 CD3/17-1 A-bispecific Colorectal cancer Prechinical
NKG2D seFv-NRKG2D, huNKG&ED- Multiple solid and liguid
ligands OKT3 Qnors Preclinical
DLL3 AMGT57 Small Cell Lung Cancer Clinical
{30127} in some embodiments, the cell-surface antigen expressed on an effector cell,

which the bipartite polypeptide binds to, is selected from Table 3 below. In some embodiments,
the bipartite polypeptide binds to CD3 or one of its components. UD3 is a protein complex and
T cell co-receptor that 15 expressed on T lymphocytes as part of the T cell multimolecular
receptor (TCR). It coraprises CD3y, CD33, CD3s, and/or CD3E receptor chains. In some
embodiments, the bipartite polypeptide binds to NKp46. NKpd6, also known as D335,
belongs to the natural cytotoxicity receptor (NCR} famuly and is a glycoprotein with 2 Ig-like
domans and a short evtoplasmic tail. In some embodiments, the bipartite polypeptide binds to
CD16. CD16, also known as FoyRIL 13 a cluster of differentiation molecule found on the
surface of natural killer cells, neutrophils, monocytes, and macrophages. In some
embodiments, the bipartite polypeptide binds to SIRPa. SIRPa, also known as signal regulatory
protein o, 15 a regulatory mermbrane glvcoprotein from SIRP family expressed mamly by
myelotd cells and also by stem celis or neurons, which interacts with transmembrane protein

D47,

[BG3128] In some embodiments, the cell-surface antigen expressed on a tumor cell or
effector cell is selected from Table 4 below. In some embodiments, the cell-surface antigen
expressed on a tumor cell is a tumor antigen. In some embodiments, the tumor antigen is
selected from CD19, EpCAM, CEA, PSMA, CD33, EGFR, Her2, EphAZ, MCSP, ADAMILT,
PSCA, 17-A1, an NKGD2 higand, CSFIR, FAP, GD2, DLL3, or newopiling In some

embodiments, the tumor antigen is selected from those listed in Table 4.

{BG129] In some embodiments, the bipartite polypeptide 13 selected from a molecule
binding to DLL3 and an effector cell target antigen, a molecule binding to FAP and an effector
cell target antigen, and a molecule binding to EpCAM and an effector cell target antigen. fn
some embodiments, the effector cell target antigen is selected from Table 3. In soms
embodiments, the effect cell target antigen is a T cell target antigen. In some embodimenis, the
effector cell target antigen s CD3. In some embodunents, the effector cell target antigen is

CD3s.
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Table 3: Exemplary effecior cell target antigens
T eell NKT eelf NEK Cell Other
D3 CD30¢ 1 D3 CD16 48
CD3y CD38 | CD3y CDY94/NKG2 LIGHT
{e.2., NKG2D)
D38 D40 CD338 NKp30 Ch44
{P3g D57 1 D3¢ NKpd4 D45
D3¢ D69 1 CD3E NKp46 {L-1R2
D2 D70 | mvanant TCR | KARs iL-1Rg
{4 D73 IL-
1Ra2
cps CDRY iL-
13Ru2
D6 CDR2 -
15Ra
Ch7 CD96 CCRS
CD8 Chi34 CCRS
CDh16 CD137 SIRPa
D25 CDis2
CD27 CD278
CD28
Table 4: Exemplary target cell antigens
Target Cell Antigens
BHO CRISP3 Lewis-Y Fas
GnT-V, BL6-N | DC-SIGN LIV-1(SLC3%A6) | SOX2
AFP DHFR Livin STEAPI
ART1 EGP40 LAMP1 SLITRKS
ART4 EZH2 MAGEA3 MNaPiZa
ABCG2 EpCAM MAGEA4 SOX1
B7-H3 EphAZ MAGEBRS SOX11
B7-H4 EphA2/Eck MAGEAL SPANXAL
B7-Ho EGFRvil MART-1 SART-1
BCMA E-cadherin MCSP 85X4
B-cyclin EGP2 MME S8X5
BMI1 ETA mesothelin (MSLN} | Survivin
CA-125 FERBB3 MAPKI S8X2
cadherin ERBB3/4 MUC1S TAGT2
CABYR ERBB4 MUCH TEM!1
CTAG2 EPQG MRP-3 TEMS
CAG6 F3 MyoD-1 TSGALO
CAIX FAR NCAM TSSK6
CEA FBFP nectin 4 thyroglobulin
CEACAMS FTHLIT Nestin transferrin receptor
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Target Cell Antigens
CEACAMSG fetal AchR NEP TACSTDZ (TROP2)
Cav-1 FAP NY-ESO-1 TMEMY7
Coio FGFR3 hHLA-A TRP-2
D117 FR-a Ho60 TULPZ
D123 Fra-l/Fosl 1 OLIGZ2 TROP2
D133 GAGEL T4 tyrosinase
D138 G2 P33 TRP1
Cois GD3 P-Cadherin UPAR
D171 Glil PB VEGF
D GPI00 P-glycoprotein VEGF receptors
P20 GPA33 PMCT (SLCI13AS) | VEGRRZ
D21 PRAME BRAF
Ch22 Glypican-3 PROXI WT-1
D30 HIV ¢gpi20 PSA XAGE2
€33 HLA-A PSCA ZNF165
D37 HLA-A2 PSMA oo integrin
D38 HLA-AL PSC1 B-catenin
Chddva HLA-B PVRLA4 cathepsin B
CD44v7/8 HLA-C Ras CSAG2
Ch74 HMW-MAA ROR! CTAG
Cd7%b Her2/Neu SART2 EGFR
CD124 (JL-4R) | Her3 SART3 BGP40
CDH3 u70/80 oncofetal variants EZH2
of fibronectin

Ki-67 LICAM tenascin HIV spi20
CSPG4 ULBPI LICAM kappa hight chain
CALLA ULBP2 Rae-lg LDHC
CSAG2 ULBP3 TRP-1
COX-2 ULBPo Rae-15 Fas-L
Lambda MICA Rae-~15 DLL3
LAYN MICB Rae-1v MAGEAI2
LeuM-1 Her3 PDGF MAGEC2
KDR EGF 58X BAGE
D47 SIRPlx S8X2 BAGE1L

Cvclin A KKLCH GAGE

KMHN1 SAGE XAGE

SPALT XAGEIB
(30130} In some embodiments, the bipartite polypeptide specifically binds to a

combination of two antigens that are marked as “x” according to Table 5 below. Those “x”

marked combinations in Table 5 that have the same antigens indicate that the bipartite

polypeptide specifically binds to two different epitopes of the same antigen. In some

embodiments, the bipattite polypeptide is a BiTE.
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Table 5. Combination of two antigens for bipartite polypeptide binding

CD3 D3y | C33 | CD3e [ C3E T CD2 { CD4 | D5 | CD6 | OD7 | CD8 | CD16 | D25
SHO X b4 X X X X X X X X X X X
E;’:HT"V’ pi.6- X X X X X X X X X X X X X
AFP X X X X X X X X X b4 X X X
ART1 X X X X X X X X X X X X X
ART4 X X X X X X X X X X X X X
ABCG2 < X X X b4 < X X X X X < X
BI-H3 hs X X X X X X X % X X X X
B7-H4 X b4 X X X X X X X b4 X X X
R7-H6 X X X X X X X X X X X X X
BOMA X X X X X X X X X X X X X
B-cvelin X X X X 3 X X X X X X X X
BMI1 % X X X X % X X X X X p:s X
CA-125 X X X X X X X X X X X X X
cadherin b4 X X X X b4 X X X X X X X
CABYR X X X X X X X X X X X X X
CTAG? < X X X bt < X X X X X ke X
CAG X X X X X X X X X X X X X
CAIX X % X X % X X X X ps X X X
CEA % X X X X X X X X X X X X
CBACAMS X X X X X X X X X X X X X
CEACAMS < X X X b4 < X X X X X < X
Cav-1 X ke X X X X X X b < X X X
D10 X X X X X < X X X X X X X
CBily X X X X X % X X X X X % X
D123 X X X X X X X X X X X X X
D133 X X X X X X X X X X X X X
D138 X < X k4 X X X X 3 < X X X
DI3 X ¥ X X % X X X X hs X X X
CHHTE % X X X X b4 X X X X X X X
D19 X X X X X X X X X X X X X
20 X X X X X X X X X X X X X
D21 X X X k4 X X X X 3 < X X X
D22 X % X X % X X X X ps X X X
O30 X X X X X X X X X X X X X
D33 X X X X X X X X X b4 X X X
o7 X X X X X X X X X X X X X
D% X < X X X X X X b < X X X
CD44v6 X X X X X < X X X X X < X
CD44v7, % X X X X X X X X X X X X

S
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CD3 | CD3y | CR33 | CD3s | CO3E 1 CD2 { CD4 | 5 | CD6 | UD7 | €8 | CD16 | ID25

D74 X X X X X X X X X X X X X
C4d79b X X X X X X X X X X X X X
D124 {H‘h X X X X X X X X X X X X X
4R)

Ki-67 X % X X X X X X X X X X X
CSPG4 X X X X X < X X X X X < X
CALLA X X X X X h:4 X X X X X X X
CSAGE X X X X X X X X X X X X X
COX-2 X X X X X X X X X X X X X
Lawbda X X X X X X X X X X X X X
LAYN < X X X bt < X X X X X < X
LeuM-1 X X X X X X X X X X X X X
KDR X X X X X X X X X X X X X
D7 X X X X X X X X X X X X X
CRISE} X X X X X X X X X X X X X
DC-SIGN X X X X X X X X X X X X X
DHFR X B X X X X X X . B X X X
EGP40 X X X X X X X X X X X X X
72 X X X X X p:4 X X X X X X X
EpCAM X X X X X X X X X X X X X
FnhA2 < X X X X < X ho X X X < X
EphA2/Bck X X X X X X X X X < X X X
EGFRVI X X X X X X X X X X X X X
F-cadherin X X X X X X X X X X X X X
BEGE2 X X X X X X X X X X X X X
FTA X X X X X X X X X X X X X
FRER3 X X X X X X kY X X < X X X
ERBE3/4 X X X X X X X X X X X X X
FERBB4 X X X X X X X X X X X X X
EPG X X X X X X X X X X X X X
3 X X X X X X X X X X X X X
FAR X K X X X X X X X X X X X
EFRP X hs X X % X X X X X X X X
FIHLi7 X X X X X X X X X X X X X
fotal AchR X X X X X X X X X x X X X
FAR X X X X X X X X X X X X X
FG}"R} X X X X X X X X X X X X X
FR-a < X X X X X X X X X X X X
Fra-l/Fosi 1 X X X X X X X X X X X X X
GAGE] X X X X X X X X X X X X X
GD’Z X X X X X X X X X X X X X
GD3 X X X X X X X X X X X X X
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CD3 | CD3y | CR33 | CD3s | CO3E 1 CD2 { CD4 | 5 | CD6 | UD7 | €8 | CD16 | ID25

Ghi X x X X X X % X X % X X X
GP100 x N x X X x X x X N x x X
GPATS N X X x < x x X x X X X x
Glypican-3 < X X X % < X ¥ X X X < X
HIV gpi20 X N X X X % X X x N X % x
HLA-A N x X X % X X X X x X X x
HLA-A2 i X X X X % X X X X X % X
HLA-AI N x X x e X X X x x X X x
HLA-B < % X X % < X % X % x < X
BLA-C ¥ X X X X X% X X x X X X% X

b N X X X % X X x X X b X
HMW-MAA
Her?/New X N X X X % X X x N X % x
Herd N b X X x X X x X % X X X
RTGRO x X X X X x X X X X X % X
LICAM N x X X X X X X x x X X x
ULRPI < % x X % < X % X % X < X
ULEP? % < X X X % kS X 3 < X X %
ULEP? N X X X X X X x X b X X X
ULBPS X X X X X )-8 X X X X X X X
MICA N % X x P N % X X % X N x
MICE < X X X % < X ¥ X X X < X
Her3 % < X X X x % X % < X x %
EGF X b3 X X x X X X X b3 X X X
SIRPle X X X IS X x X X X X X x X
Lewis-¥ N x X x < x x X x x X x x
L1Y-1 X X X X X X x X X X X X X
(SLC39AG)
Livin N x X X % X X X X i X X x
LAMPI X N X X N P X X X N X P X
MAGEA3 % < X X X x % X % < X x %
MAGEA4 < % X X % < X % X % X < X
MAGEEG b X X X X % X X x X X % X
MAGEA1L N i X X X X x X X i X X x
MART-1 % X x X X X X x X X x X X
MOSP N % X x P N % X X % X X x
MME < % X X % < X X X X X < X
mesothelin < X X X % < X X X % X < X
(VSLN)
MAPK 1 < % X X % < X % X % x < X
MUCI6 b X X X X X X X x X X X% X
MUCT N i X X x X x % X i X X x
MRP-3 x N x X X x X x X N x x X
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CD3 1§ CD3y | CD33 | CD3 | CD3E | CD2 { CB4 | CB5 | CDs | OD7 | Ch8 | CD16 | D23
Myold-1 X % X X X X X X X X X X X
NCAM X X X X X X X X X X X X X
necﬁn 4 X X X X X X X X X X X X X
Nestin < X X X b < X S X X X < X
NEP X X X X X X X X X X X X X
NY-ESO-1 X X X X X X X X X X X X X
hILA-A X X X X X X X X X X X X X
H6G X X X X X X X X X X X X X
GLIG? < X X X ht e X X X X X e X
T4 ¥ X X X X X X X X X X X X
p33 X X X X X X X X X )4 X X X
P'C{idhﬁﬂﬂ x X X X X x X X X X X X X
PR X X X X X N X X X X X N X
P- X X X X X X X X X X X X X
glvcoproiin
PIVR’VE x X X X X x X X X X X X X
(SLCI3AS)
PRAME b4 X X X X X X X X X X X X
PROX1 X X X X X X X X X X X X X
})SA X X X X X X X X X X X X X
PSCA X < X X X X ke X % < X X X
PSMA X % X X % X X X X % X X X
PSCL X X X X X X X X X X X X X
PVRLA X X X X b4 X X X X X X X X
Ras X X X X X X X X X X X X X
RORI X < X X X X X X 3 < X X X
CART? X X X X X X X X X X X X X
SARTS X X X X X X X X X X X X X
oncofetal
variants of b4 X X X X X X X X X X X X
fibronsctin
tenascin X < X k! X X X X % < X X X
LICAM X X X X X X X X X X X X X
Fac-la % X X X X X X X X X X X X
Rae-1 D X X X X X X X X X X X X X
Ras-18 X X X X X X X X X X X X X
Rae-1y b < X X X X X X b < X X b
PDGF X X X X X X X X X X X X X
Fas x X X X X X X X X X X X X
SOK?2 X X X X X X X X X X X X X
STEAPI X X X X X X X X X X X X X
SLITRKSG X < X X X X X X % < X X X
NaPi2a X b4 X X b1 X X X X b4 X X X
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CD3 1§ CD3y | CD33 | CD3 | CD3E | CD2 { CB4 | CB5 | CDs | OD7 | Ch8 | CD16 | D23

SOX1 X % X X X X X X X X X X X
SOX11 X X k¢ X X e X X X X k¢ X X
SPANXAL X X X X X X X X X X X X X
SART-1 < X X X b < X S X X X < X
SS\@ X X X X X X X X X X X X X
Survivin X X X X X X X X X X X X X
SSX2 X X X X X X X X X X X X X
TAGT? < X % X bt < X X X X % < X
TEM1 ¥ X X X X X X X X X X X X
TEMSR X b4 X X X X X X X X X X X
TSGALO X X X X X X X X X X X X X
TSSK S X X X X X N X X X X X N X
X X X X X X X X X X X X X
thyrogiobutin
tansferrin X X X X X ):S X X X X X X X
reCeptor
TACSTD: X X X X X X X X X X X X X
(TROP2)
TMVEMST X X X X X X X X X X X X X
TRP-2 X X X X X ):S X X X X X X X
TULPZ X X X X X X X X X X X X X
TROP? X X X X X X X X X X X X X
tvrosinase X < X kA X X X X % < X X X
TRPY X X X X X X X X X X X X X
UPAR b4 X X X X X X X X X X X X
\/h(JEJ‘ X x X X X X X X X X X X X
VEGF X X X X X X X b X X X X X
receplors
BRAF X X X X X X X X X X X X X
WT-1 X X X X X X X X X X X X X
XAGE2 < X % X bt < X X X X % < X
ZNF165 b4 X X X X X X X X X X X X
X X X X X X X X X X X X X
ovB6 integrin
B-caienin X X X X X X X X X X X X X
cathe})sin B X X X X X X X X X X X X
CSAGE X X X X X X X X X X X X X
CTAG X X X X X X X X X X X X X
EG}*R X X X X X X X X X X X X X
BEGPAO X X X X X X X X X X X X X
EF {2 X X X X X X X X X X X X X
HIV sp120 X X X X X X X X X X X X X
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CD3 | CD3y | CR33 | CD3s | CO3E 1 CD2 { CD4 | 5 | CD6 | UD7 | €8 | CD16 | ID25
i‘?ﬁf‘: light b X X x X % X X % X X % X
LDHEC ¥ X x X X % X X x X x % x
TRP-1 X x X X x X x X x x X X x
Fas-L x X x x X x X x x X x x x
DLL3 x x X x X X % X x x X X x
MAGEAT2 < x % X 3 < x x X x % < X
MAGEC? x X x x X x X X x X x x x
BAGE X x < X x X x x X ¥ X X X
BAGEL x X x x X x X x x X x x x
GAGE x % N x X X X X x % X X x
NAGE < x % X x < X x X x % < X
KAGEIB ¥ < x x X x < X x < x x x
$8X X x < X x < x x X x < X x
88X72 x X x X X x X X X X x x X
KKLO1 N % X X < x % X x % X x x
SAGE < x % X 3 < x x X x % < X
SPAIY x < X x X X X X 3 < X 3 x
Cyclin A < ¥ < X % < x x X ¥ < X X
KMHENL x X x x X x X x x X x x x
Table 5, (Continued)
CD27 | CD28 { CB30 | CD38 | CD40 | CD37 {1 CDaY | CDT0 | CD73 | CDB1 | CDR2 | (Y6
8HY X X X X ke X X X p X < X
gnﬂf"v" pre- X % % X < X X % % % < X
AFP X 3 x % < X x x b x < X
ART1 < X X x % x X X X X ¥ x
ARTS X % x < X X X ¥ b X X X
ABCG2 X X x x x x X X x x x x
B7-H3 x X X X x x X x X X X x
B7-H4 X 3 x S < X X x 3 x < X
B7-H6 E X X x x 3 % < X X x 3
BOMA x x x X X X x x x x X X
B-ovelin X X X x % x X X x X x x
BN X < X X X x % % X X x x
CA-125 X X X X X X X N x x e <
cadherin X X X X x 3 < < X X X 3
CABYR x x x < < X x x x x X X
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CD27 | €D28 | CB30 | CD38 | Chd0 | CDS7 1 CD6% | CDT0 | OD73 | CD81 | CD82 | €96

CTAGR X X X X X X X X X X X X
CAG X X X X X X X X X X X X
CAIY X X X X X X X X X X X X
CEA ks X X X X X X < X X X b
CEACAMS X % X X X X X % X X X X
CBACAMG X X X X X X X X X X X X
Cav-l X X X X X X X X X X X X
CD10 X X X X X X X X X X X X
DT X X X X X X X X X X X %
CI3i23 X X X X X X X h:4 X X X X
D133 X X X X b4 X X X X X X X
Cisg X X X X X X X X % X X X
D15 X X X X X X X X X X X X
CD171 X X X X X X ke < X X X %
CL) 19 X X X X X X X X X X X X
DO X X X X X X X X X X X po4
21 X X X X X X X % X X X X
D22 X X X X X X X X X X X X
[er%] X X X X X X X X X X X X
C}) 33 X X X X X X X X X X X X
D37 X X X X b4 X X X X X h. X
D38 X X X X X X X X X X X X
CD44vE X X X X X X X X X X X b
CDa4v T8 k¢ X X X X X X X X X X X
D74 X X X X X X X X X X < X
(d‘?\)b X X X X X X X X X X X X
CDi24 (I~ X X X X X X X X X X X X
4R}
CDH? X X X X X X X X X X h. X
¥i-67 X X X X X X X X p:s X X X
CSPi4 X X X X X X X X X X X X
CALLA X X X X X X X X X X X X
CSAGE X X X X < X X X X X < X
C()X_z X X X X X X X X X X X X
Lambda X X X X X X X X p: S X X X
LAYN X X X X x X X X X X X X
LeuM-1 X X X X X X X X X X X X
KDR X X X X X X X X X X < X
D47 X X X X X X % X X X X bt
CRISP? X X X X X X X h4 X X X X
DC-SIGN X X X X b4 X X X X X X X
DHFR X X X X X X X X X X X X
EGP40 X X X X X X X X X X X X
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CD27 | CDZ8 { CD30 § CD3Y | CD40 | Cs7 { €D | CD70 | CD73 { CD81 | CD82 | CD%
BAH2 X X X X X b4 X X X X X b4
EphA2 X X X X X X X X X X X X
FohA2/Eck X X X X X X X < X X X b
EGFRVIT X % X X X X X % X X X X
B-cadherin X X X X X X X X X X X X
EGP? X % X X X X X X % X X X
FTA X X X X X X X X X X X X
FERBE? ke X X X X X X < X X X %
ERBR3/4 X b4 X X X X X b4 b X X X
ERBR4 X X X X X X X X X X X X
3 X X X X X X X X X x X X
FAR X X X X X X X < X X X %
FBP X X X X X X X X p:s X X X
FTHLY X X X X ¥ X X X X X b4 b
fo tﬁi ‘L\ChI{ X X X X X X X X X X X X
FAP X X X X X X X X X X X X
FGFR3 X X X X X X X < X X X b
FR-a X X X X X X X % X X X X
Fra-l/Fosi 1 X X X X X X X X X X % X
GAGE1 X % X X X X X x X X X X
GD;I_ X X X X X X X X X X X X
G k¢ X X X X X X X X X X X
Giil X b X kS < X X X b3 X < X
G})}(J(; X X X X X X X X X X X X
GPALS X X X X X X b.¢ x X X X X
Glypicaa-3 X X X X X X X X X X X X
HIV gpi20 X X X X X X X X X X X X
HLA-A X % X X < X X X X X X X
HLA-A2 X X X X ¥ X X X X X b4 b
HLA-AL X X X X X X X b4 X X X X
HLA-R X X X X b4 X X X X X X X
HLA-C X X X X X X X X X X X X
HM '\M MAA X X X X X X X X X X X X
Her2/Nen X X X X X X X X b'e X X X
Her? X % X X < X X X X X < X
u7/80 X X X X X b kS < X X X b
LICAM X b4 X X X X X b4 b b X X
ULBP1 X X X X X X X X X X x X
ULBP2 X X X X X X X X X X X X
JLBP2 X X X X X X X X X X X X
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CD27 1 CD28 | CD30 | CDB3% | CIMO | CHS7 1 Cho69 | CD70 | CD73 { D81 | CD82 | D96

ULEPS X X X X X X X X X X X X
MICA X X X X X X X 4 X X X X
MICR X X X X 4 X X X X X X X
Her? X X X X X X X X X X X X
BEGF X X X X X X X X X X X X
SIRP1o X X X X % X X X X X X X
Lewis-Y X X X X X X X X X X X X
%‘Ef‘fj(h,l? oA X 4 X X X X X % X X X X
Livin X X X X X X X b4 X X X X
LAMP1 X X x X 4 X X X X X X X
MAGEAZ X X X X X X X X X X X X
MAGEA4 X X X X X X X X X X X X
MAGERS X X X X X X X X X X X X
MAGEA] X X X X X X X X X X X X
MART-1 X X X X 4 X X X X X 4 X
MCSP X X X X X X X X X X N 3
MME X X X X X X X X X X < X
mesothelin X % X < < X X x x X < X
(MSLIN)

MAPK 1 X X X X X X X X x X < X
MUCI6 X X X X X X X X X X X X
MUCHT X X X X X X X X X X X X
MRP-3 X X X X X X X X X X X X
MyoD-1 X X X X X X X 4 X X X X
NCAM X X X X X X X X X X < X
nectin 4 X X X X X X X X X X X X
Nestin X X X X X X X b4 X X X X
NEP X X X X % X X X X X b4 X
NY-ESCG-1 4 X X X X X X 4 X X X X
HHLAA X 3 X X X X X X 3 X < X
Heo X X X X X 3 X X X X N 3
OLIG? X X X X X X X h4 X X X X
ST4 X X X X b4 X X X X X b4 X
p33 X X X X X X X 4 X X X X
P-Cadherin X X X X X X X X X X X X
PE X X X X X X X X X X X X
:13’ coprotein ks X X X X p X < X X X bt
2\11:25?2 A5) X X X X X X X X X X X X
PRAME X X X X 4 X X X X X X X
PROXI X X X X X X X X X X X %
PSA X X X X X X X X X X < X

(4
(5]
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CD27 | CDZ8 | B30 | CD38 | Cd0 | Cs7 1§ CD69 | CD706 | CD73 | UDR1 | CDR2 | CD9S

PSOA X X X X % X X X X X X X
FC_)CJ X X X X X X X X X X X X
PVRLA4 X X X X X b X < X X X b
Ras X X X X X X X X X X X X
R{)R} X X X X X X X X X X X X
SART? X X X X X X X X X X X X
SAR T3 X X X X X X X X X X X X
oncofetal
variats of X X x % X X X X X x % <
fibroneciin
tenascin X X X X % X X X X X X X
LICAM X X X X X X X X X X X X
Rae-1o X b X X < X X X b3 X < X
Ra{:- 1 B X X X X X X X X X X X X
}'{ae_ 1 f_, X X X X X X X X P-4 X X X
Rae-1y X X X X X X X X X X X X
PDGF X X X X X X X X X X X X
Fag X X X X X X X X X X X e
SOX2 X X X X X b < X X X b
STEAPL X X X X X X X % X X X X
SLITRKS X X X X b4 X X X X X X X
NaPita % < X X X X % X < X X X
SOIX X X X X X X X X X X X X
SOX11 kY X X X X X % X X X X ot
SPANXA]L X X X X X X X b4 X X X X
SART-1 X X X X % X X X X X X X
SSX; X X X X X X X X X X X X
§5KS X X X X X X X X X X X e
Survivin kS X X X X X % < X X X X
SSZ\}' X X X X X X X X X X X X
TAGT2 X X X X X X X X X X % X
TEM] X X X X X X X X X X X X
TEMS X X X X X X X X X X X e
TSGALD X X X X X b < X X X b
TSSK6 X b X X < X X X X X < X

X X X X X X X X X X X X
thyroglobutin
UBHSfeETin X X X X X X X X X X X X
FECEpIot
TACSTD}‘ X X X X X X X X X X X X
(TROP2)
TMEMS? X X X X % X X X X X X X
TRP-2 X X X X X X X X X X X X
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CD27 1 CD28 | CD30 | CDB3% | CIMO | CHS7 1 Cho69 | CD70 | CD73 { D81 | CD82 | D96

TULP? X X X X X X X X X X X X
TROP2 k¢ X X X X X k¢ X X X X X
r\’TOSiE]iiSS X X X X X X X X X X X X
TRPI X X X X X b X < X X X b3
UI"A_‘R X X X X X X X X X X X X
\iE{:)F X X X X X X X X X X X X
‘\/_EGF X X X X X X X X X X X X
ISCEpOrs
VEGRR2 X X X X ¥ X X X X X b4 X
BRAF X X X X X X X X X X X X
WT-1 X X X k¢ X X X X X X X X
XAGE? X X X X X b X < X X X b3
ZNF163 X X X X X X X X X X X X

X b3 X X < X X X b3 X < X
ovB6 integrin
B"Cﬁi@ﬂi'ﬂ X X X X X X X X X X X X
cathepsin B X X X X b X X X X X b4 X
CSA‘G,Z X X X X X X X x X X X X
CTAG X X X k¢ X X X X X x X X
EGFR X X X X X X X X X X X X
EGP4() X X X X X X X X X X X X
EFH2 X X X X X X X X X X X X
HIV sp120 X X X X X X x X X X X X
iﬁiﬁi‘ hght X X X X X X X X X X X X
LDHC X i X X X X X b4 X X X X
TRP-1 X X X X X X X X X X X X
Fas-L X e X X X X X X X X X X
DLL3 X X X kS < X X X X X < X
MA GEA 12 X X X X X X X X X X X X
MAGEC2 X X X X X X X X p:s X X X
BAGE X X X X X X X X X X e X
BAGEL k¢ X X X X X k¢ X X X X X
GAGE X X X X X X X X X X X X
XAGE X X X X X b X < X X X b3
KAGEIR X X X X X X X X X X X X
SSX X X X X X X X X X X X X
V) X X X X X X X X X X X X
KKLC X X X k¢ X X X X X X X X
SAGE kY X X X X X % X X X X ot
SPALT X X X X X X X ¥ X X X X
Cyelin A X X X X X X X X X X X X

(4
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Table 5. (Continued)

CD13 | CD13 | CDIS | CD27 | invaian Cr?i”:fm WKp3 | NKpd | NEpt | KAR

4 7 2 3 t TCR NE (“j 5}'_7)') [ 4 [ s

819 X X X X X X X X X X
GnE-V, 1,6~ < < < < « < N N N <
AFP X X X X X X X x X X
ART] % X X X X X X X X %
ARTS X X X X X X X X x X
ARCG? x x X X X X X X X X
B7-H3 X X X X X X X b X X
R7-H4 X X X X X X k¢ X X X
B7-H6 3 X X S X X X X X X
BCMA X X X X < X X X 3 X
B-cychin X X X X X X X X X X
BMI1 X X x X X X X X X x
CA-125 X X X X X X X X X X
cadherin X X X X X X X X X X
“ARYR X X X X < X X X 3 X
C'i‘AGl X X X X X X X X X X
CAG X X X X X X X X X X
CAIX X X X X X X X x X X
CEA X X X X X X X X X X
CEACAMS X X X X < X X X 3 X
CEACAMG x x X X X% x X X X X
(:a -1 X X X X X X X X b e X
D117 3 X X X X X X X X %
D123 X X X X < X X X X X
CDi 33 X X X X X X X X X X
D138 X X X X X X X X X X
Chiis X X X X X X X X X X
D17 X X X X X X X X X X
P19 X X X X < X X X 3 X
CD20 3 X X X X X X X X X
D24 X X X X X X X X X X
Ch22 X X X X X X X X X X
D30 X X bt X X X X X X X
D33 X X X X X X X X X X
D37 h X X X X X X X X %
D38 X X X X X X X X X X
Ch4v6 X X X X X X X X X X
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CIH3 i3 CRis CD27 | dnvarian (31.‘.;9(4:1‘1}{(} NKp3 NKpd NKpd | KAR

4 7 2 8 PTCR | ééﬁ:ﬁ) 0 4 6 5
CD44VT/R X X X % X X X X X X
Chy74 X X X X X X X X X X
Cd79 X X X x x x X < « N
giRD) 124 (- X X X et X X X X X %
CDH3 X x % % X x X X e %
Ki-67 X X X X X X X X X X
CHPGA % X X X p3 X X X X X
CALLA X X X X X X X X X X
CSAG2 X X X X X X X X X X
Lambda X X X X < X X X b X
LAYN X X X X X X X X X X
Fouhi-1 X X X X X X X X x X
KDR X b'e X X x X % X X X
(_‘D47 X X X X X X X X X X
CRISP3 X X X X < X ke X b X
DO-SIGN b X X X X X X X X X
DHFR X X X X X X X X X X
HGP40 X X X X x X X X X X
B7H2 X X X b X X X X < %
EpCAM X X X X < X kS X b X
EphA)_ X X X X X X X X X X
EphA2/Bck X X X X X X X X b X
HGFRvE X X X X X X X X X X
E-cadberin X X % b X X X X X X
EGP2 X X X X X X X X X X
EFTA p.3 X X X X X X X X X
ERBE3 X X X X X X X X X X
ERBB3/4 x X X X % X X X X X
ERBR4 X X X X X X X X X X
EFQO X X X X X X X X X X
F3 b X X kS X X X X X X
FAR X X X X X X X X X X
FBpP X X X X X X X X X X
FTHL}7 X X X X X X X X b4 X
fetal AchR X X X X X X k¢ X X X
FAP b X kS kS X X X X X kS
FGFR3 X X X X < X kS X b X
FR-a 1 X X X b X X X X X
Fra'LV'FQSi 1 X X X X X X X X X X
GAGE] X X X X X X X X X X
GD2 p X ke X X X X X X X
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CIH3 i3 Cois CD27 | dnvarian (I';()?ZNK‘G NKp3 NKpd NKpd | KAR
4 7 2 8 i+ TCR - ééﬁ:ﬁ) 0 4 6 5
GD? X X X X X X X b X X
Gi il X X X X X X X X X X
GP100 X X kS X X x X X X x
GPA33 X X X X < X X X % X
Glypican-3 X X X X X X X X X X
HIV gpi20 = X X X X X X X X X
HLA-A X X X X % X X X N X
HLA-AZ X X X X X X X X X X
HLA-AT X X X X < X X X X X
HLA-B X X X X ¥ X X X X X
HLA-C X X X X X X X X X X
HMW-MAA | X x X < x % x x x
Her2/Neu = X x X X X X X X X
Her3 % X X X X X X X X X
w70/80 X X X X X X X X X %
LICAM A X X X < X X X X X
ULBP1 b X X by X X X X X
ULRP2 X X X X X X X X X X
ULBPS X X X X X X X X e %
MICA X X X X X X X X X X
MICR % X X % X X X X X X
Her? X X X X X X X X X X
EGF X X X X X X X X X X
SIRP 1o L % X X X X X X X X
Lewis-Y = X X X X X k¢ X X X
%;2(]? 9A6) x X X X ES X % x x X
Livig X X X X X X X X X X
LAMPL % X X % X X X X X X
MAGEA3Z X X X X b3 X kS X b X
MAGEA4 X X X X ¥ X X X X X
MAGEBS X X X x X X X X X X
MAGEA] X X X X X X % X X X
MART-1 X X X X X X X X X X
1\/1(/‘ SP X X X X X X X X x X
MME = X X X p:S X X X X X
mesothelin . - < < - . < < < <
(MSLN}
MAPK 1 h X X X ¥ X X X X X
MUCI6 X X X X X X X X X X
MUCH x . X X x X X X X X

(4
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CIH3 i3 Cois CD27 | dnvarian (I':Q?ZNKG NKp3 NKpd NKpd | KAR
4 7 2 8 i+ TCR - ééﬁ:ﬁ) 0 4 6 5
MRP-3 X X X X X X X b X X
MyoD-1 X X X X X X X X X X
NCAM X X X k¢ X X X X X X
nectin 4 X X X X < X X X b X
Nestin X X X X X X X X X X
NY-FSG-1 X X X X % X X X X X
HHLA-A X X X X X X X X X X
Hod X X X X < X X X 3 X
OLIG X X X X ¥ X X X X X
574 X X X X X X X X X X
P-Cadberin X . X X X X X X X X
PBE X X X X X X X X x X
p- X X X X < X X X % X
giycoprotein
2\}’:(512 AS) X X X X X X X X X X
PR AME X X X X X X X X X X
PROX] X X X X X X X X X X
PSA 3 X X X X X X X X X
PSCA X X X X X X X X X X
PSMA % X X X % X X X X X
PS X X X X X X X X X X
PVRL4 X X X X X X X X X X
Ras X k4 X % X X X X X %
ROR1 X X X X < X X X X X
SART?2 X X X X % X X X X X
oneofetal
variants of X X X X X X X < % .
fibroneciin
fenascin X X X X X X X X X X
LICAM X X X X X b3 X X X X
Rae-lo X X X k¢ X X X X X X
Rags-1j X X X X X X X X X X
Rae-18 3 X X % X X X X X X
Rae- ly X X X X X X X X X X
PDGEF X X X X X X X X X X
Pas X X X X X X X b3 X X
S0X2 X X X X X X X X X X
STEAPL X k4 X % X X X X X X
SLITRES X X X X X X X X X X
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CIH3 i3 CRis CD27 | dnvarian (I';()?ZNKG NKp3 NKpd NKpd | KAR
4 7 2 8 PTCR | ééﬁ:ﬁ) 0 4 6 5
NaPia X X X % X X X X X X
SOX1 X X X X X X X X X X
SEANNAI X X X X < X X X ¥ X
SART-1 X X X X X X X X X X
$8X4 X X X X X X X X X X
85X5 X X X X x X X X X X
SuWiViﬁ X X X X X X X X X X
982 X X X X < X % X X X
TAGT? h X X X b X X X X X
TSGALO X x % % X x X X e %
TSSKG X X X X < X % X p X
thyroglobul < < - X < < < . . <
0l
transfernin < « ¥ ¥ N x < < < ¥
receplor
ZFII;{CS}EE;Z X b'e X X % X X X X X
TMEMOT X X X X X X X X X X
TULP2 X X X X X X X x X X
TROP2 p x % % X X X X X %
tyrosinase X X X X X X X X X X
TRPI h X X X b X X X X X
‘VE(}F X X X X X X X X X X
\;EGE X X X X X X X X X X
£208PLoes
VEGRR2 X X X X X X X x X X
BRAF X X X X X X X X X X
WT-1 X X X X < X % X % X
KAGE2 h X X X b X X X X X
ZNF165 X X X X X X X X X X
o6 integrin X X X X X X X X X X
fi-catenin X X X X X X X X X X
cathepsin B X X X X X X X X X X
CSAGE X X X k¢ X X X X X X
CTAG X X X X < X % X X X
EGEFR b X X X % X X X X X
EGP40 X X X X X X X X X X
HZED X X X X x X X X X X
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CM3 | CD13 | CDRIS | CD27 | invarian Crig?:NKG NKp3 | NKpd | NKpd | KAR
4 7 2 8 1 TCR - ééﬁ:ﬁ) 0 4 6 5
HIV spl120 X X X X X X X X X X
A I A B T N A S
LD X X X X X X X X X X
Fas-L X X X X X X X X X X
DLL3 X X X X X X X X X X
MAGEA12 % ® < < % X X X X <
MAGED? X X X X X X X X X X
BAGE X X X X b4 X X X X X
BAGE] X X X X X X X X X X
GAGE X X X X < X X X X X
XAGE X X X X X X X X X <
XAGEIR X X X X X X X X X X
8% X X X X X X X X X X
yel X X X X X X X X X X
KELCY X X X X < X % X 3 X
SAGE p X X X X X X X X X
SPALT X X X X < X X X X X
Cyclin A X X X X X X X X X X
KMEINT X X X k¢ X X X X X X
Table 5. {Continued)
CD48 | LIGHT | CD44 | CD45 1{;2 IIL{Q 1%(12 PI; a 15LRa CCRS | CCRS | SiRPo
SHY X X X X X X X X X X X X
E;]]T- ‘Vr’ [{1 ‘6" X X X X X X X X X X X X
AFP X X X X X X X X X X X X
ARTI X X X X X X X X X X pot <
ART4 X X X X x X X X X X X X
ARCG? X X X X X X k¢ X k¢ X X X
B7-H3 X X X X X X X X X < X <
B7-H4 kY X 4 X X X % X % X X X
B7-H6 X X X X X X X X X X X X
BOMA X X X X X X X X X b4 X X
B-cyclin k¢ X X X X x k¢ X X X X X
BI\/H ‘ X X X X X X X X X X X X
CA-125 kS X X x X X kS ke X X X X
cadherin X X X X X X X X X X ht X
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- | IL- - - -

CD43 | LIGHT | CD44 | (D45 R2 | iRe | 1Re | 13RO2 SRa

CCRS3 | CCHE | SIRPo

CABYR X X X X X X X X X X X X
CTAG2 k¢ X X X X X k¢ X k¢ X X X
CAG X X X X X X X X X X X X
CATK ks X % X X X kS X kS X X X
CEA X X X X X X X X X X X X
CEACAMS X X X X X X X X X X X X
CEACAMG X X X X X X X X X X X X
Cav-1 X X X X X X X X X X X X
D10 ks o b X X X ke X ke X X X
DT X X X X X X X X X X X X
3123 X X X X X X X X X h:4 X %
CIH33 X X X X X X X b4 X X X X
D138 X X X X X X X X X X X X
D15 kS X X X X X ke k kS X X X
D7 X X X X X X X X X X X X
D19 X X X X X X X X X p4 X %
CI0 X X X X X X X X X X b4 X
D21 X X X X X X X X X X X X
feinyk) kS X % x X X kS X kS X X X
O30 X X X X X X X X X X X X
D33 X X o X -4 X X X X p:4 X p-4
37 X X X X X X X X X X X X
D3R X X X X X X X X X X X X
CD44v6 X X X X X X k¢ X k¢ X X X
CD44vT/% X X X X < X X X X < b <
D74 X X X X -4 X X X X p:4 X h:4
Cd79b X X X X X X X b4 X X X X
€124 (.- X X X X X X X X X X X X
4R}

[63)2K) X X X X X X X X X X X X
Ki-&7 X X b4 X X X X X X X X X
CSPG4 X X X X X X k¢ X k¢ X X X
CALLA X X X X kS X X X X < % <
CSAGE X X X X X X X X X p:4 X h:4
COX-2 X X X X X X X X X X X X
Eambda X X X X X X X X X X X X
LAYN k¢ X X X X X X k¢ X X X X
Lenhi-1 X X X X X X X X X < % <
KDR ks X b X X x ke X ke X X X
CD47 X X X X X X X X X X X X
CRISP X X X X x X X X X X X X
DO-SIGN X X X X X X X X k4 X X X
DHFR X X X X X X X X X < % <
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CD48 | LIGHT | CD44 | D45 ﬁu Iéa 12;;2 1 g{ al ; §§a CCRS5 | CCRS | SIRPo
BGP40 X X X X X X X X X X X X
FZHD X X X X X X X X X X X X
EpCAM X X X X X X X X X X X X
FohA?2 X X % X X X X X X X X X
Ei)b .AZ /Eck X X X X X X X X X X X X
BGERVIE X X X X X X X X X X X X
F-cadhetin X X X X X X X X X X X X
BGP2 X X X X X X X X X X X X
FTA X X X X X X X X X X X X
ERBRB3 X X X X X X X X X X X X
ERBR3/4 X X X X X X X X X X X X
BEPO X X X X X X X X X X X X
3 X X p X X X X ke X X X X
FAR X X X X X X X X X X X X
FRP X X X X X X X X X X X X
FTHL 1’7 X X X X X X X X X X X X
fotal AchR X X b X X X X X X X X %
FAP X X bt X X X X X X X X X
FGFR3 X X X X X X X X X X X X
FR-a X X X X X X X X X X X X
Fea-Fost 1 X X X X X X X X X X X X
GAGEL X X X X X X X X X X X X
GD3 X X X X < X X X X < X <
Giil X X X x b4 X X X X X X X
GP1O0 X X X X X X X X X X X X
GPA3S X X X X 4 X X X X X X X
Givpican— 3 X X X X X X X X X X X X
HIV gpl20 X X X X X X X X X < X X
HLA-A X X X X X X X X X X X X
HLA-AZ X X X X X X X X X X X X
HLA-AL X X X X X X X X X X X X
HLA-B X X X X X X X X X X X X
HLA-C X X X X X X X X X X X <
HMW-MAA X X X X X X X X X X X X
HGTQ/NC‘J X X X X X X X X X X x X
H613 X X X X X X X X X X X X
n7G/R0 X X X X X X X X X X X X
Li(j A}\,{ X X X X X X X X X X X X
ULB{)E X X X X X X X X X X X X
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CD48 | LIGHT | CD44 | CD45 ﬁu Iéa 12;;2 H%;xz gga CCRS | CCRS | SIRPa

ULBPS X X X X X X X X X X X X
ULBPS k¢ X X X X X X X X X X X
MICA X X X X X X X X X X X X
MICB X b X X X X X X X X X X
Herd X X X X X X X X X X X X
BGE X X X X X X X X X X X X
SIRP1o X X X X X X X X X X X X
Lewis-¥ X X X X X X X X X X X X
%S}I‘_«f:l'% 9A6) X X X X X X X X X X X X
Livin X X X X X X X X X X X X
LAMPI X X b X X X X X X X X X
MAGEAR X X X X X X X X X X X X
MAGEA4 X X X X X X X X X X X X
MAGERS X X X X X X X X X X X X
MAGEAL X X b X X X X X X X X e
MART-1 % X ht X X X % % % X X X
MCSP X X X X < X X X X < X <
MME X X % X X X X X X X X X
mesothelin X X b X % X X < X b3 X b3
(MSLN}

MAPK 1 X X % X X X X X X p.s X X
MUCTS X X X X X X X X X X X X
MESC X X X X X X X X X X X X
MyoD-1 X X X X < X X X X < X <
NCAM X X % X % X X X X X X X
nectin 4 X X X X X X X X X X X X
N(’.‘Sti]l X X X X X X X X X X X X
NEP X X X X X X X X X X X X
NY-BSO-1 X X X X < X X X X < X <
hHLA-A X X bt X X X X X X X X X
H60 X X X X X X X X X X b X
653 X X X X X X X X X X X X
P-Cadherin kY X ht X X X X X X X X X
PB X X X X X X X X X X X X
p- X X X X X X X X X X po X
glycoprotein

2‘{2;{3 AS) X x x x x x X X x X X X
PRAME X b b X X X X X X X X X
PROYA X X X X X X X X X < P <
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CD48 | LIGHT | CD44 | D45 }I ;2 11 ;:a 12&2 HI; o ‘g{ia CCRS | CCR8 | SIRPo

PSA X X % X X X X X X % X X
FC_,[\/}A X X X X X X X X X X X X
PSC1 X X b3 X X X X X X X X X
P’\/’RL“’E X X X X X X X X X X X X
Ras X X X X x X X X X X X X
ROR1 X X X X X X X X X X X X
SAR T2 X X X X X X X X X X X X
SARTS kY X ht X X X % X % X X X
oncofctal

Véﬂiaﬁls Of X X X X X X X X X X X X
fbronectin

fenasciu X X X X X x X x X x < <
LICAM X X X X < X X X X < b3 <
Ra{:- 1 o X X X X X X X X X X X X
}'{ae_ 1 [5 X X X X X X X X X X P-4 X
Rae-18 X X X X X X X X X X X X
Rae-- ] ¥ X X X X X X X X X X X X
PDGF X X X X X X X X X X X X
Fas X X b3 X X X X X X X X
S(_)Xl X X X X X X X X X X X X
S'}‘E;XPL X X X X x X X X X X X X
SLITRES X X X X X X X X X X X X
Niipi2€l X X X X X X X X X X X X
SOX1 X x b X X X X X X X X x
SO X X X X X X X X X X X X
SPA‘NX}\} X X X X x X X X X X X X
S/{R’I-] X X X X X X X ):S X X X X
88K4 X X X X X X X X X X x %
9835 X X b X X X X X X X X X
Suivivin X X X X X X x x x < . <
S8X2 X X X X b4 X X X X X X X
]‘!3‘(}72 X X X X X X X X X X X X
TEM1 X X X X X X X X X X X X
TEMSR X X b3 X X X X X X X X
TSGALTO X X X X ke X X X X < 3 <
’IS SKE) X X X X X X X X X X X X
thyrogiobulin * * ¥ * * * B X B # X *
transfertin X X X X < X X X X < % <
receptor

?ﬁ\?;fg 2 X X X X X X X X X X X X
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- | IL- - - -

CD43 | LIGHT | CD44 | (D45 12 | 1Re | 1Re2 | 13002 SRa

CCRS3 | CCHE | SIRPo

TRP-2 X X b4 X X X X X X % X X
TROP2 X X X X X X X X X X X %
tyeosinase X X b X X X X X X X X X
TRP X X X X X X X X X X X X
UP AR X X X X x X X X X X X X
VEGF X X X X X X X X X X X X
\;EGF X X X X X X X X X X X X
feceptons
BRAF X X X X X X X X X X X X
WT-1 X X ¥ X X X X X X X X by
XA GEZ X X X X X X X X X X X X
ZNF165 X X X X X X X X X X X X
X X X X X X X X X X X X
ovo integnin
fi-catenin X X k3 X X X X X X X X X
cathepsin B X X X X X X X X X X X X
C S AG2 X X X X X X X X X X X X
CTAG X X X X X X X X X X X X
EGFR X X X X X X X X X X X X
EGP40 X X pos X % X X X X X X X
EZH? X X X X X X x x x < % <
Y sp120 X X b4 X X X X X X X N X
kappa Hght X X X X X X X X X % X X
chain
Fas-L X X X X e X X X X X X X
IR X X X X X X X X X X X X
MAGEAI? X X X X X X X X X X X X
MAGED? X X b4 X X X X X X % X X
BAGE] X X X X < X X X X < X <
GAGE X ¥ ¥ X X X X X X X X X
X AGE X X X X X X X X X X X X
XA (}E 1B X X X X x X X X X X X X
S8X X X X X X X X X X X X X
S SX2 X X X X X X X X X X X X
KK C 1 X X X X X X X X X X X X
SAGE X X X X X X X X X X b X
SP A1T X X X X X X X X X X X X
Cychin A X X X X X X X x X X X X
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JRY | Ra | 1Re2 | 13R2 | 15Ra | CORT | LURE | SIRPG

CD4s | LIGHT | CD44 | Ch45

KMHN1 X X X X X X X X X X X X

60131} In some embodimenis, the payload molecule is an antigen In some
embodiments, the antigen is a protein selected from those listed in Table 4 or a portion thereof.
o sorse embodurents, the antigen is a turnor-associated antigen (TAA) or a portion thereof. To
some embodiments, the tumor-associated antigen is expressed on the cell surface of tumor
celis. In some embodiments, expression of the antigen or a portion thereof induces immune
responses against tumor cells. In sore embodiments, the tumor-associated antigen 1s selected
from CD19, EpCAM, CEA, PSMA, CD33, EGFR, Her2, EphA2, MCSP, ADAMI17, PSCA,
17-A, an NKGD2 higand, CSFIR, FAP, GD2, DLL3, newropilin, Survivin, or a MAGE family
protein. In some embodiments, the tumor-associated antigen is Survivin. In some
embodiments, the tumor-associated antigen 1 a MAGE (Melanoma Antigen Gene} family
protein. The MAGE fanuly protein comprises MAGE-B1, MAGEAl, MAGEAILQ,
MAGEATL, MAGEA12, MAGEA2B, MAGEA3, MAGEA4, MAGEA6, MAGEAS,
MAGEAD, MAGEBI, MAGEBI0, MAGEBI6, MAGEBRIS, MAGEB2, MAGEB3,
MAGEB4, MAGEBS5, MAGEB6, MAGEB6E, MAGECT. MAGE('2, MAGEC3, MAGEDL,
MAGED2, MAGED4, MAGEEl, MAGEEZ. MAGEF1. MAGEHI. MAGEL2, NDN,
WNIDINLZ, or any combination thereof In some embodiments, the tumor associated aniigen i
selected from the antigens in Table 6 below. In some embodiments, the replicon encodes two,

three. four, five or more tumor assoctated antigens of the disclosure.

{66132} In some embodiments, the pavioad molecule comprises or consists of a
fragment (i.e., peptide fragment) of a tumor-associated antigen (TAA) of the disclosure. In
some embodiments, the fragment of the TAA has a length of about 10 aromne acids (aa), about
15 aa, about 20 aa, about 30 aa, about 40 aa, about 50 aa, about 60 aa, about 70 aa. about 80
aa, about 90 aa, about 100 aa, or any values in between. In some embodiments, the fragment
of the TAA hags alength of at least 10 aa, at least 15 aa, at least 20 aa, at least 30 aa, at least 40
aa, at least 50 aa, at least 60 aa, at least 70 aa, at least 80 aa, at least 90 aa, or at least 100 aa. In
some embodiments, the replicon comprises two, three, four, five or more payload molecules
each comprising or consisting of a fragment of different TAAs. In some embodiments, the
replicon comprises two, three, four, five or more pavicad molecules each comprising or
consisting of different fragmenis of the same TAA. In some embodiments, the replicon

comprises two, three, four, five or more copies of the pavload molecules each comprising or
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consisting of the same fragment of the same TAA . In some embodiments, the payload molecule
comprises repeats of the same peptide fragment of the TAA, suchas 2, 3,4, 5, 6,7, 8,9, 10, or

more than 10 repeats of the same peptide fragment.

Table 6, Tumor-Associated Antigen

Tumor-Associated Antigen

MAGEAT

MAGEA3

MAGEA4

MAGEA12

MAGEC?2

BAGE (B melanoma antigen)

BAGE] (B melanoma antigen 1}

GAGE (G antigen)

GAGE!L (G antigen 1)

XAGE (X antigen)

XAGE1B (X antigen family member 1B)

{CTAG (cancer/testis antigen)

CTAGZ (LAGEL)

CTAG!I (NY-ESO-1)

SSX {svnovial sarcoma X)

SSX2 (synovial sarcoma X breakpoint 2)

KKLCT (Kita-kyvushu lung cancer antigen 1}

SAGE {(sarcoma antigen)

SPAT7 (sperm autoantigenic protein 17)

Cyclin A

KMHNI (CCDC1i0)

Survivin

EBV-Encoded Latent Membrane Protein 1 (LMP1)

EBV-Encoded Latent Membrane Protein 2 (LMP2)

Viral antigen denved from Human papillomaviras (HPV)

Viral antigen derived from Human papillomavirus (HPV) strain 6
Viral antigen derived from Human papillomavirus (HPV) strain 7
Viral antigen derived from Human papiliomavires (HPV) strain 11
Viral antigen derived from Human papillomavirus (HPV) strain 16
Viral antigen denved from Humao papllomavirus (HPV) strain 18
Viral antigen derived from Human papillomavirus (HPV) strain 31
Viral antigen denived from Epstein-Barr virus (EBV)

Yiral antigen derived from Viral anfigen from Human T-lyrophotrophic virus
(HTLV)

Yiral antigen derived from Merkel cell polvomavirus (MCV)
Viral antigen derived from Kapost's sarcoma-associated herpesvirus
Viral antigen derived from Cytomegalovirus (CMV)
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{66133} In some embodiments, the payioad molecule comprises or consist of a umnor
neocantigen. The term “tumor necantigen”™ refers to a neoantigen present in a subject's fumor
cell or tissue but not in the subject's corresponding normal cell or tissue. Tumor necantige

may be a peptide or a protein. In some embodiments, the fumor neoantigen is patient-specific
or subject-specific. In some embodiments, the replicon encodes multiple payioad molecules
comprising a tumor neoantigen, such as 2, 3, 4, 5, 6, 7. &, 9, 10, or more than 10 payload
maolecules comprising a tumor neoantigen. In some embodiments, the replicon may encode

mutdtiple copies of the same turnor necantigen.

66134} In some embodiments, the payload molecule is a bipartite polypeptide with
specific binding o a major histocompatibility complex (MHC)-peptide antigen complex. In
some embodiments, the bipariite polypeptide binds specifically to the MHC-peptide antigen
complex. In some embodiments, the MHC 15 a class T MHC. Tn some embodiments, the peptide
antigen s derived from TAA or twmor neocastigen. fn some embodiments, the bipartite
polypeptide comprises a fragment of a T-cell receptor (TCR} {e.g. the exiracellular domain of
TCR) that specificaliy binds to the MH{C-peptide antigen complex. In some embodiments, the
bipastite polypeptide also binds to one of the effector cell antigens according to Table 3. In
some embodiments, the bipartite polypeptide specifically binds to CD3. In some embodiments,

the bipartite polypeptide specifically binds to CD3e
f00135] In some embodiments, the recombinant RNA replicon comprises one or more
payload molecules, wherein the payload molecules comprise:

ay one or more cytokines comprising IFNy, GM-CSF, IL-2, 1L~-12, IL-15, [L-18, 11.-23,
and IL-36y;

b} one or more chemokines comprising CXCLIO, CCL4, CCLS and CCL2E,

¢} one or more antibodies comprising an anti-PD1-VHH-Fc antibody, an anti-CD47-
VHH-Fc antibody, and an anti-TGFB-VHH(or scFv)-Fc antibody;

d) one or more bipartite polypeptides comprising a bipartite polypeptide binding to
DLL3 and an effector cell target antigen, a bipartite polypeptide binding to FAP and an effector
cell target antigen, and a bipartie polypeptide binding to EpCAM and an effector cell target

antigen;
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£} one or more tumor-associated antigens comprising survivin, MAGE fanuly proteins,

and all antigens according to Table 6,
) one or more fumor necantigens,
g} one or more bipartite polypeptides binding to MHC-peptide antigen complex;

h}y one or more fusogenic proteins comprising herpes simplex virus (HSV}
UL27/glycoprotein B/gB, HSV ULS53/gly coprotein K/gK, Respiratory syneytial virus (RSV) F
protein, FASTplS, VSV-G, syncitin-1 {from human endogenous retrovirus-W (HERV-W)) or
syncitin-2 (from HERVFRDELD), paramvxovirus SV5-F, measles virus-H, measles virus-F, and
the glycoprotein from a retrovirus or lentivirus, such as gibbon ape leukemia virus (GALV),
murine feokemia virus {(MLV), Mason-Pfizer monkey virus (MPMYV) and equine infectious

anenmia virus (FIAYVY), optionally with the R transmembrane peptide removed (R- versions);

i1} one or more other payload molecules comprising ILI15R, PGDH, ADA, ADAZ,
HYALL HYALZ, CHIPS, MLKL (or its 4HB domain only), GSDMD (or its L192A musant,
or it amino acids 1-233 fragment, or its amino acids 1-233 fragment with LI92A mutation),
GSDME {or its anuno acid 1-237 fragment), HMGB1 (or its Box B domain only), Melittin
{e.g, alpha-Melittin}, SMAC/Diablo {or its amino acid 56-239 fragment), Snake LAAQ, Snake
disintegrin, Leptin, FLT3L, TRAIL, Gasdermin I or a truncation thereof, and Gasdernmin E or

a truncation thereof;

1) one or more antigens from pathogens comprising Dengue virus, Chikungunyva vitus,
Mycobacterium tuberculosis, Human immunodeficiency viruses, SARS-CoV-2, Coronavirus,
Hepatitis B Virus, Togaviridae family virus, Flaviviridae family virus, Influenza A virus,

Influenza B virus, and a veterinary virus; or
K} any combmnation thereof.

{08136} Fusogenic proteins are proteins that facilitate the fusion of cell to cell
membranes. The pavioad molecule, or at least one of the payload molecules, encoded by the
replicon of the disclosure may be a fusogenic protein comprising herpes simplex virus (HSV)
UL27/glycoprotein B/gB, HSV ULS3/glycoprotein K/gK, Respiratory syneytial virus (RSV)Y F
protein, FASTpLS, VSV, syncitin-1 {from human endogenous retrovirus-W (HERV-WH) or
syncitin-2 {from HERVFRDE1}, paramyxovirus SV5-F, measles virus-H, measles virus-F, and
the glycoprotein froro a retrovirus or lentivirus, such as gibbon ape leukernia virus (GALVY),
murine feukemia virus (MLV), Mason-Pfizer monkey virus (MPMV} and equine infectious
anemia virus (EIAV), optionally with the R transmembrane peptide removed (R- versions).
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{66137} in some embodiments, the payvioad molecule s GM-CSF. In some
embodiments, the payload molecule 1 a GM-CSF polvpeptide having at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, ai leasi 95%, at lsast 98%, ai leasi 99%, or 100%,

sequence identity to SEQ 1D NO: 81

60138} In some embodiments, the payload molecule 1s IL-2. In some embodiments, the
payload molecule is a TL-2 polypeptide having at teast 70%, at leasi 75%, at least 80%, at least
853%, at least 90%, at least 95%, at least 98%. at least 99%, or 100%, sequence identity to SEQ
ID NO: 82. In some embodiments, the payload molecule is a IL-2 polvpeptide having at least
T0%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at teast 98%, at least

99%, or 100%, sequence wentity to SEQ 113 NOG: 83,

66139} In some ermbodirents, the payload molecule is 1L-12 beta subunit. To some
embodimenis, the payload molecule is a IL-12 beta subunit polypeptide having at least 70%,
at least 75%, at least 80%, at 1east 85%, at teast 90%, at least 95%, at least 98%. at least 999%,
or 100%, sequence identity to SEQ [D NG: 84, In some embodiments, the pavioad roolecule s
IL-12 alpha subunit. In some embodiments, the pavioad molecule is a 1L-12 alpha subunit
polvpeptide having at least 70%, at least 75%, at least 80%, at least €5%, at least 90%, at least
95%, at least 98%, at least 99%, or 100%, sequence identity to SEQ ID NGO: 85, In some
embodiments, the payload molecule 15 [L-23 alpha subunit. fn some embodiments, the payload
molecule is a IL-23 alpha subunit polypeptide having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity

to SEQ ID NO: 86,

{30148} o soroe embodiments, the payload molecule 15 1L.-18. In some emboduments,
the payload molecule is an 1L-18 polvpeptide having at least 70%, at least 75%, at least 80%,
at least 8S%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity

{0 SEQ ID NO: 87,

{60141} in some embodiments, the payload mwolecule 1s 1L-36y. In some embodiments,
the payvioad molecule is a IL-36y polypeptide having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 93%, at least 98%, at least 99%, or 100%, sequence identity
to SEQ D NO: 88, In some embodiments, the payload molecule 13 an TL-36y polvpeptide
having at least 70%. at least 75%, at least 80%, at least 85%, at least 90%. at least 953%, at least

98%, at least 99%, or 100%, sequence identity to SEQ 1D NO: 89,
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{00142} in some embodiments, the payload molecule 18 CXCLIO. In some
embodiments, the payload molecule is a CXCL10 polypeptide having at least 70%, at least
75%, at least 80%, at least 85%, at lsast 30%, atleasi 95%, at least 98%, at least 99%, or 100%,
sequence identity to SEQ 1D NG: 90. In some embodiments, the payioad molecule s a
CXCL10 polvpeptide having at least 70%, at least 75%, at least 80%, at least 85%, at least

D0%, at least 95%, at least 98%, at least 9%, or 100%, sequence identity to SEQ D NO: 91

08143} o some embodiments, the pavload molecule is CCL4. o some embodiments,
the payload molecule 1s a CCLA4 polypeptide having at least 70%, at least 75%, at least 80%, at
least 85%, at least 909, at least 95%, at least 98%, at least 99%, or 100%, sequence identity to

SEQ D NG: 92,

166144 In some embodiments, the payload molecule 1s CCLS. In some embodiments,
the pavicad molecude is a CCLS polypeptide having at least 70%, at least 75%, at feast 80%, at
least 853%, at least 90%, at least 95%, at feast 98%, at least 99%, or 100%, sequence identity to

SEQ D NG: 93,

{30145} {n some embodiments, the payload molecule 1s CCL21. In soroe embodiments,
the payload molecule is a CUL21 polypeptide having at least 70%, at least 75%. at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity

1o SEQ 1D NG: 94,

{60146} In some embodiments, the payvload molecule s anti-PD1-VHH-Fc. In some
embodimenis, the payload molecule is an anti-PD1-VHH-Fc(higG4}) polvpeptide having at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at

least 99%, or 100%, sequence wlentity to SEQ 1D NG: 95,

{80147} In some embodiments, the payload molecule i3 an anti-DLL3 bipariite
polypeptide. In some embodiments, the anti-DLL3 bipartite polvpeptide s an anti-DLL3 Bi-
specific T-cell engager (BiTE). In some embodiments, the anti-DLL3 bipartite polypeptide or
anti-DLL3 Bi-specific T-cell engager (BiTE) coroprises a first domsain capable of binding a
cell surface antigen of an effector cell and a second domain capable of binding to DLL3. In
some embodiments, the first domain binds to D3, In some embodiments, the second domain
{(binding to DLL3} is an scFv or a nancbody (VHH). In some embodiments, the DLL3 binding
domain s selected from those described in Intemational PCT  Application No
PCT/US2021/030836, which is incorporated herein by reference in s entirety. In some

embodiments, the DLL3 antigen comprise an amino acid sequence having at least 70%, at least
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75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%,

sequence identily to SEQ ID NG: 96

{66148} In some embodiments, the pavioad molecule comprises an anti-FAP heavy
chain variable region. In some embodiments, the payload molecule comprises an anti-FAP
heavy chain vartable region polypeptide having at least 70%, at least 75%, at least 80%, at least
859, at teast 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity to SEQ
1D NO: 97, In some erobodirvents, the payload molecule comprises an anti-FAP light chain
variable region. In some embodiments, the payload molecule comprises an anti-FAP light chain
variable region polypeptide having at least 70%, at least 75%, at least 80%, at least 839%, at
least 90%, at least 93%, at least 98%, at least 99%, or 100%, sequence wdentity to SEQ ID NO:

98.

30149} In some embodiments, the payload molecule comprises an anti-CD3 heavy
chan variable region. In some embodiments, the payload molecule comprises an anti-CD3
heavy chain variable region polvpeptide having at least 70%, at least 75%, at least 80%, at least
85%. at least 90%, at least 95%, at least 98%. at least 99%, or 100%, sequence identity to SEQ
ID NO: 99, In some embodiments, the payload molecule comprises an anti-CD3 light chain
variable region. In some embodiments, the payvioad molecide comprises an anti-CD3 light
chair vartable region polypeptide having at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, at least 98%, at least 99%, or 1009%, sequence identity 1o SEQ 1D

NG: 100

0150} in some embodiments, the payload molecole 15 blinatumomab. In some
embodiments, the pavioad molecule 1s a blinaturnomab-like polypeptide having at least 70%,
at least 75%. at least 80%, at least 85%, at least 90%, at least 93%, at least 98%. at least 99%,

or 100%, sequence identity to SEQ ID NG 101,

(60151} In some embodiments, the pavioad molecule 1s MTH10. In some embodiments,
the payload molecule 1s a MT110-like polypeptide having at least 70%, at least 75%, at least
809, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%. sequence

identity to SEQ ID NO: 102,

[B3152] in some embodiments, the payload molecule is pasotuxizumab. In some
embodiments, the paylcad molecule is a pasotuxizamab-like polvpeptide having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%,

or 100%, sequence identity to SEQ ID NO: 103.
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{60153} in some embodiments, the pavicad molecule s AMG330. In some
embodiments, the pavioad molecule is an AMG330-like polypeptide having at least 70%, at
least 73%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 999%, or

100%, sequence identity to SEQ 1D NO: 104,

301541 In some embodiments, the pavioad molecule is COV A420 heavy chain. In some
embodiments, the payvioad molecule 15 3 COVA420 heavy chain-like polypeptide having at
least 70%., at least 759, at least 80%, at 1sast 85%, at least 90%, at least 95%, at least 98%. at
least 99%, or 100%, sequence identtty to SEQ ID NO: 105, In some embodiments, the payload
molecule 1s COVA420 light chain. In some embodiments, the pavioad molecule 1s a COVA420
hight chamn-like polypeptide having at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least ©3%, at least 98%, at least 99%, or 100%, sequence identity to SEQ ID NO:

106

[B0155] in some embodiments, the payload molecule is survivin. In some embodiments,
the payload molecule is a survivin polypeptide having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%. at least 99%, or 100%, sequence identity

to SEQ ID NG: 107.

[BG156] In some embodiments, the pavioad molecule is IFNy. In some embodiments, the

payload molecule 15 an IFNy polypeptide baving at least 70%, at least 75%, at least 80%, at

least 85%, at least 90%, at least 93%, at least 98%, at least 89%, or 100%, sequence ideniuy to
4 3

SEQIDNO: 113

{06157} in some embodiments, the payload molecule 15 1L-15. In some embodiments,
the pavicad molecule is an TL-15 polypeptide having al least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity
to SEQ ID NO: 114.

{33158 in some embodiments, the pavioad molecule 1s IL13R. In some embodiments,
the ILISR comprises IL1SRA and/or ILISRB. In some embodiments, the IL15RA has at least
70%, at least 75%, at least 0%, at least 85%, at least 90%, at least 93%, at least 98%, at least
99%, or 100%, sequence identity to SEQ ID NG: 115, In some embodiments, the IL1SRB
polvpeptide has at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least

5%, at least 98%, at least 99%, or 100%, sequence identity to SEQ ID NO: 116,

{06159 in some embodiments, the payload molecule 1s PGDH. In some embodiments,

the pavicad molecule is a PGDH polypeptide having at least 70%, at least 75%, at least 80%,
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at feast 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity
to SEQ ID NG 117,

160160} In some embodiments, the payload roolecule is ADA2. In some embodimenis,
the pavioad molecule is an ADAZ polvpeptide having at least 70%, at least 75%, at feast 80%,
at least 3%, at least 90%, at least 95%, at least 98%, at least 9%%, or 100%, sequence identity
to SEQID NO: 118,

8161} {n some embodiments, the pavload molecule is HY AL1. To some embodiments,
the payload molecule 1s an HY AL1 polypepiide having at least 70%., at least 753%. at least 80%,
at feast 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity
to SEQID NG: 119

66162} In some embodiments, the pavioad molecule 1s HY AL2. In some embodimenis,
the payioad molecule is an HY ALZ2 polypeptide having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 93%, at least 98%, at least 99%, or 160%, sequence identity

to SEQ ID NO- 120,

{30163} {n some ernbodiments, the pavioad roolecule 15 MLKL. In soroe embodiments,
the pavload molecule is an MLKL polypeptide having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100°%, sequence identity
to SEQ 1D NO: 121, In some embodiments, the payload molecule comprises or consists of

MLKL 4HB doman.

[30164] In some ecmbodiments, the pavicad mwolecule 15 GSDMD. In some
embodiments, the pavicad molecule is a GSDMD polypeptide having at least 70%, at least
75%, at least 809, at least 859, at teast 90%, at least 95%, at least 98%, at least 99%, or 1009%,
sequence identity to SEQ 1D NG: 122, In some embodiments, the payload molecule is a

GSDMD 1-233 fragment and/or L192A mutant.

{00165} in some embodiments, the payload molecule is GSDME. In some embodiments,
the payload molecule is a GSDME polypeptide having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 93%, at least 98%, at least 99%, or 100%. sequence identity
to SEQ 1D NG 123, In some embodiments, the pavicad molecule is a GSDME 1-237 fragment.
{B16s6] In some embodiments, the payload molecule is HMGB1. In some embodiments,
the payload molecule is an HMGBI polypeptide having at least 70%, at least 75%, at least

80%. at least 85%, at least 90%, at least 93%, at least 98%, at least 99%. or 100%, sequence

~d
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identity to SEQ IDNQO: 124, In some embodiments, the pavicad molecule comprises or consists
of HMGB!T Box B domain.

66167} iIn some embodiments, the pavioad molecule is Melittin. In some embodiments,
the pavioad molecule is a Melittin polypeptide having at least 70%, at least 75%, at least 80%,
at least 3%, at least 90%, at least 95%, at least 98%, at least 9%%, or 100%, sequence identity
to SEQ ID NG: 125

[B8168] in some embodiments, the payload molecule i3 SMAC/Diablo. In some
embodiments, the pavload molecule is an SMAC/Diablo polypeptide having at least 70%, at
least 75%, at feast 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%, or
100%, sequence identity to SEQ D NG: 126, In some embodiments, the payload molecule

comprises or consists of SMAC/Dhablo amino acid 36-239 fragroent.

[30169] in some embodiments, the payload molecule 15 Snake LAAOG. In some
embodiments, the payioad molecule is a Snake LAAQ polvpeptide having at least 70%, at least
75%, at least 809, at least 859, at teast 90%, at least 95%, at least 98%, at least 99%, or 100%,

sequence identity to SEQ ID NO: 127,

{30178} in some embodiments, the payioad molecule 1s Leptin. In some embodiments,
the payload molecule i3 a Leptin polvpeptide having at least 70%, at least 75%, at least 80%,
at least 8S%, at least 90%, at least 95%, at least 98%, at least 99%, or 1009, sequence identity

to SEQ ID NO: 128,

{00171 in some embodiments, the payload molecule is FLT3L. In some embodiments,
the payload molecule is a FLT3L polypeptide having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 93%, at least 98%, at least 99%, or 100%, sequence identily

to SEQ ID NO: 129,

{86172} in some embodiments, the payload molecule is TRAIL. In some embodiments,
the payload molecule is a TRAIL polypeptide having at least 70%, at least 75%, at least 80%,
at least 8S%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity

{0 SEQ ID NO: 130,

{00173 In some embodiments, the payload molecule is MAGEAl In some
embodiments, the pavioad molecule is an MAGEA] polvpeptide having at least 70%, at least
75%, at least 809, at least 85%, at least 90%, at least 93%. at least 98%, at least 99%, or 10096,

sequence identity to SEQ ID NO: 131,
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{68174} in some embodiments, the pavicad molecule 13 MAGEA3. In some
embodiments, the payload molecule is an MAGEAS polypeptide having at least 70%, at least
75%, at least 80%, at least 85%, at lsast 30%, atleasi 95%, at least 98%, at least 99%, or 100%,

sequence identity to SEQ 1D NO: 132,

[B0175] In some embodiments, the payload molecule s MAGEA4. In some
embodiments, the pavicad molecude is an MAGEA4 polvpeptide having at least 70%, at least
75%, at least 80%. at least 85%, at least 90%, at least 95%, at least 98%., at Teast 99%, or 1009,

sequence identity to SEQ ID NO: 133.

{68176} in some embodiments, the payload molecule 18 MAGEAI2 In some
embodiments, the payload molecule is an MAGEALZ polvpeptide having at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, atleast 95%, at least 98%, at least 99%, or 100%,

sequence identity to SEQ 1D N 134,

{Be177} In some embodiments, the pavicad molecule is MAGEC2 In some
embodiments, the pavicad molecule is an MAGEC?2 polypeptide having at least 70%, at least

75%. at least 809, at least 85%, at least 90%, at least 93%., at least 98%, at least 99%, or 10095,

sequence identity to SEQ ID NG: 135,

{66178} in some embodiments, the payload molecule is BAGE1 (B melanoma antigen
1y In some embodiments, the payload molecule is an BAGE! (B melanoma antigen 1)
polypeptide having at least 70%, at least 75%, at least 80%, at least 83%, at least 90%, at least

959%, at least 98%, at feast 99%, or 100%, sequence identity to SEQ 1D NO: 136,

{BG179] In some embodiments, the pavicad molecule is GAGE] (G antigen 1}. In some
embodiments, the payload molecide 1s an GAGE! (GG antigen 1) polvpeptide having at least
70%. at least 75%, at Ieast 80%, at least 85%, at least 90%, at least 95%, at lsast 98%, at least

99%, or 100%, sequence identity to SEQ ID NQ: 137

{60130} in some embodiments, the payload molecule 13 XAGEIB (X antigen family
member 1B). In some embodiments, the payload molecule is an XAGEIB (X antigen family
member 18) polypeptide having at least 70%, at least 75%, at least 80%, at least 85%, at least
9(1%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity to SEQ ID NO: 138
[00181] In some embodiments, the payload molecule is CTAG2 (LAGE1D). In some
embodiments, the payload molecule is a CTAG2 (LAGE!) polypeptide having at least 70%, at
least 75%, at least 80%, at least 839%, at least 90%, at least 95%. at least 989, at least 99%, or
100%, sequence identity to SEQ 1D NG: 139
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{60182} in some embodiments, the pavicad molecale is CTAGI (NY-ESG-1). In some
embodiments, the paylcad molecule is a CTAGT (NY-ESO-1) polypeptide having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%,

or 100%, sequence identity to SEQ 1D NO: 140,

{30183} In some embodiments, the pavicad molecule 1s S8X2 (synovial sarcoma X
breakpoint 2). In some embodiments, the pavioad molecule 15 an 8SX2 (synovial sarcoma X
breakpoint 2) polvpepiide having at least 70%, at least 75%, at least 80%, at least 85%, at least

90%. at least 95%, at least 98%, at least 99%, or 100%, sequence identity to SEQ ID NO: 141

(68184} in some embodiments, the payload molecule s KKLCI {Kita-kyushu hung
cancer antigen 1). In some embodiments, the payload molecide is a KKLCT (Kita-kyushu fung
cancer antigen 1) polvpeptide having at least 70%, at least 75%, at least 80%, at least 85%, at
least 50%, at least 95%. at least 98%, at least 99%, or 100%, sequence identity to SEQ ID NG:

142.

[B3185) In some embodiments, the pavicad molecule is SAGE {(sarcoma antigen). In
some embodiments, the pavicad molecule 1s a SAGE {(sarcoma antigen) polypeptide having at
least 70%, at least 75%, at least 80%, at least 859%, at least 909%, at least 95%, at least 98%, at

least 99%, or 100%, sequence identity to SEQ ID NG: 143,

{66186} In some embodiments, the payvload molecule 13 SPAL7 {sperm autoaniigenic
protein 17). In some embodiments, the pavload molecule 15 a SPAL7 {(sperm autoantigenic
protein 17} polypepiide having at least 70%, at least 75%, at least 809%, at least 85%. at least

90%, at least 95%, at least 98%, at feast 99%, or 100%, sequence identity to SEQ ID NG: 144,

{30187} In some embodiments, the payload molecule is Cyclin A, In some embodiments,

the payload roolecule is a Cychin A polypeptide having at least 70%, at least 75%, at least 80%,

>

at least 85%. at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity

1o SEQ TD NO: 145,

{60188} In some embodiments, the payvioad molecule is KMHNT (CCDCHO). In some
embodiments, the pavload molecule is a KMHN1 {CCDC110) polvpeptide having at least 70%,
at least 75%, at least &0%, at least 85%, at least 90%, at least 95%, at least 98%, at least 99%,

or 100%, sequence identity to SEGQ ID NG 146,

{30189} in some erobodirnents, the pavload molecule 1s LMP-1. In soroe embodiments,

the payload molecule 15 a LMP-1 polvpeptide having at feast 70%. at least 75%. at least 80%,
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at feast 85%, at least 90%, at least 95%, at least 98%, at least 99%, or 100%, sequence identity
to SEQ 1D NQ: 147.

66190} In some embodiments, the payvload molecule 1s LMP-2. In some embodimenis,
the payload molecule is a LMP-2 polvpeptide having at least 70%, at least 75%, at least 80%,
at least 3%, at least 90%, at least 95%, at least 98%, at least 9%%, or 100%, sequence identity
to SEQ ID NG: 148,

(30191} In some embodiments, the pavioad molecule is an antigen that is not encoded
by a subject’s own genome. In some embodiments, the pavioad molecule is an antigen that is
expressed by a pathogenic microorganism. Pathogenic microorganisms comprise bacteria,
viruses, parasites and fungt. In some embodiments, the payload molecude is an antigen from
one of the pathogens compnsing Dengue virus, Chikungunya virus, Mycobacterium
tuberculosis, Human immunodeficiency virus, SARS-CoV-2, Coronavirus, Hepatitis B virus,
Togaviridae family virus, Flaviviridae famuly virus, Influenza A virus, Influenza B virusand a

veterinary virus.
Cleavage polypeptides

{38192} in some embodiments, one or more cleavage polvpeptides are operably linked
to the payload molecule. The presence of such cleavage polypeptides allows separation of the
pavioad molecule from the rest of the polypeptide encoded by the replicon. In some
embodiments, the replicon comprises a heterclogous polynucleotide encoding two or more
payload molecules operably linked to one or more cleavage polypeptides, which allows
separation of the payload molecules. In some embodiments, additional peptide linker (such as
a Glycine-Serine linker) may be present between the payload molecude and the cleavage
polypeptide.

{66193} The cleavage polypeptides comprise ZA family self-cleaving peptides, 3C
cleavage site, furin site, IGSF1, and HIV-1 protease site. i shall be noted that more than one
cleavage polypeptides can be operably linked to the payload molecule, and different cleavage
polypeptides can be used 1n the same replicon. For exarnple, different cleavage polvpeptides
can be operably linked fo the N-terminus and C-terminus of a payload molecule. In addition,
two or more cleavage polypeptides can be joined together or linked consecutively to form a

longer cleavage polypeptide which may possess improved cleavage property.
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{60194} in some embodiments, the cleavage polypeptide comprises or consists of a 2A
family self-cleaving peptide. Self-cleaving peptides are  found 1n members of the
Picomavindae virus family, including aphthoviruses such as foot-and-mouth disease virus
(FMDV), equine rhinitis A virus (ERAV), Thosea asigna virus {TaV} and porcine teschovirus-
1(PTV-1) (Bonnelly, M L, et al,, J. Gen. Virol, 82, 1027-101 {2001}, Ryan, M D, et al., I
Gen. Virol , 72, 2727-2732 (2001) and cardioviruses such as Theilovirus (e.g., Thetler's murine
encephalomyelitis} and encephalomyocarditis viruses. The ZA peptides derived from FMDV,
ERAV, PTV-1, and TaV are sometimes referred 1o hersin as “F2A”, "E2A”, “P2A”, and
“TZA”, respectively. Aphthovirus 2A polvpeptides typically contain a DxIEXZNPG (SEQ 1D
NG 63) rootif, where x1 18 often valine or isolencine. Without wishing to be bound by any
particular theory, the 2A sequence is believed to mediate ‘ribosomal skipping® between the
profine and glycine, impairing normal peptide bond formation between the P and G without
affecting downstream translation. Exenplary 2A self-cleaving peptides can be found i Table
7 below. Additional exemplary 2A self-cleaving peptides can be found m U.S. Pat No.
0497943 and Souza-Moreira er o/, FEMS Yeast Res. 2018 Aug 1;18(5), which are
imcorporated by reference herein. In some embodimentis, the cleavage polypeptide comprises
one of the 24 self-cleaving peptides according to Table 7. In sore embodiments, the cleavage
polypeptide comprises an anuno acid sequence consisting of at most 1, at most 2, at most 3 or

at most 4 mutations according to one of the 2A self-cleaving peptides in Table 7.

Table 7. Exemplary 2A seif-cleaving peptides

Name Sequence SEQ ID NG
T2ZA EGRGSLLTCGDVEENPGP 64
P2A ATNFSLLKQAGDVEENPGP 63
E2A QCTNYALLKLAGDVESNPGP 66
F2A VEQTINFDLLKLAGDVESNPGP 67
SVV 2A SGDIETNPGP 68
{66195} In some embodiments, the cleavage polypeptide comprises or consisis of a SVV

2A self-cleaving peptide. In some embodiments, the SVV 2A selfecleaving peptide has the
amino acid sequence of SGDIETNEGP (SEQ ID NO: 68). In some embodiments, the SYV 2A
self-cleaving peptide has an amino acid sequence consisting of at most 1, at most 2, or at most

3 mutations according to SGDIETNPGP (8EQ ID NO: 68).
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{60196} in some embodiments, the cleavage polyvpeptide comprises or consists of a
Coxsackievirus 2A cleavage site. In sorse embodiments, the Coxsackievirus 2A cleavage site
has the anuno acid sequence of GFGHGQ (SEQ ID NG: 69). In some embodiments, the
Coxsackievirus 2A cleavage site has an anuno acid sequence consisting of at most 1, at most

2, or at most 3 muations according to GFGHQ (SEQ 1D NO: 69).

{30197} In some embodiments, the cleavage polypeptide comprises or consists of 3C
cleavage sites. In some embodiments, the 3C cleavage site is a SVV 3C cleavage site having
amino acid sequence IVYELQGP (SEQ ID NO: 70). In some embodiments, the 3C cleavage
site has an amino acid sequence consisting of at most 1, at most 2, or at most 3 mutations
according to IVYELQGP (SEQ ID NO: 70). In soroe embodiments, the cleavage polypeptide
comprises a fusin site and a 3C cleavage site. In some embodiments, the cleavage polypeptide
comprises or consists of an amino acid sequence of RRKRIVYELQGP (SEQID NG 71 In
some embodiments, the 3C cleavage site has an amino acid sequence consisting of at most 1,

at most 2, at most 3 or at most 4 routations according fo RRKRIVYELQGP (SEQ ID NG: 71).

(06198} in some embodiments, the cleavage polypeptide comprises or consists of one or
maore cleavage sites that can be cleaved by a protease produced by a mammalian cell. In some
embodiments, the protease is a furin protease. Tn some embodiments, the cleavage polypeptide
comprises or consists of one furin site. In some embodiments, the cleavage polypeptide
comprises or consists of two or more furin sites. In some embodiments, the furin site has a
consensus sequence of Arg-X-X-Arg (SEQ ID NO: 72). In some embodimenis, the furin site
has a consensus sequence of Arg-X-Lyvs/Arg-Arg (SEQ 1D NO: 73} In some embodiments,
the furin site has the anuno acid sequence of RRKR (SEQ 1D NO: 74). In some embodiments,
the cleavage polypeptide comprises one or more G5 linker {(amino acid sequence Glv-Ser). In
some embodiments, the cleavage polypeptide comprises one or more GSG linkers (amino acid
sequence Glv-Ser-Gly), In some embodiments, the cleavage polypeptide adopts the
configuration of “GSG linker — 2A pepiide”. In some embodiments, the cleavage polypeptide
adopts the configuration of “furin site - 2A peptide”™. In some embodiments, the cleavage
polypeptide adopts the configuration of “furin stte — GSG linker — 2A peptide”.

(06199} fn soroe embodiments, the cleavage polypeptide coraprises, or consists of, an
IGSF1 polypeptide. In some embodiments, the IGSF1 polypepiide comprises or consists of the
AN actd sequence of
NEATRLSLIT

M

QLIVALLLVVLWIRWKCRRLRIREAWLLGTAQGVTMLEIVTALLCCGLCNG

(SEQ 1D NO: 73). In some embodiments, the IGSF1 polvpeptide comprises or consists of an
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amino acid sequence having at feast 70%, at feast 75%, at least 30%, at least 85%, at least 90%,
at least 93%, or at least 98% identity to SEQ 1D NG: 75. In some embodiments, the cleavage
polypeptide comprises one or more furin sites in addition to the IGSFT polvpeptide. In some
embodiments, the cleavage polypeptide comprises, or consists of, a furin-site containing
peptide having an amino acid sequence of GSRRERGIRRKRGS (S8EQ 1D NOG: 76} In some
embodiments, the cleavage polvpeptide coraprises, or consisis of, the amuno acid sequence of

GSRREKRG

PREKRGSNEATRLSLIMOLVALLLVVLWIRWKCRRLRI LT

~T R NI T
LGTAQGVTM

VTALLCCGLONG (SEQ 1D NO: 77). In some embodiments, the cleavage polvpeptide
comprises, or consist of, an amino acid sequence having at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, or at least 98% identity {o SEQ ID NG 77, In
some embodiments, two of the pavlead molecules are operablv hinked to a cleavage
polypeptide comprising an IGSF polypeptide. In some embodiments, two of the pavioad
molecules are operably linked to a cleavage polvpeptide comprising an IGSF polypeptide and
one or more furin sites. In some embodiments, two of the payload molecules are operably
linked fo a cleavage polypeptide comprising or consisting of the amino acid sequence of SEQ
1D NG: 77.

(66200} In some embodiments, the cleavage polvpeptide comprises or consists of one or
more cleavage site that can be recognized by a pon-mammalian protease. In some
embodiments, the non-maromalian protease is an HIV protease. In some embodiments, the
cleavage polypeptide comprises, or consists of, an HIV protease site. In some embodiments,

the HIV proiease site comprises or consists of a PR cleavage sequence having the amino acid

sequence of TFLETS {SEQ ID NG: 78). In some embodiments, the HIV protease site
comprises or consisis of a PR cleavage sequence having at most one, at most two, or at most
three mutations or conservative mutations according to IFLETS (SEQ 1D NO: 7). In some
embodiments, the cleavage polvpeptide comprises a GS linker and a PR cleavage sequence. In
some embodiments, the cleavage polypeptide comprises, or consists of, an amino acid sequence
of GSGIFLETS (SEQ IDNG: 79). In some embodiments, the cleavage polypeptide comprises,
or consists of, an amino acid sequence having af most one, at most two, at most three or at most

four mutations or conservative guitations according 10 GSGIFLETS (SEQ 1D NO: 79).

{60201} in some embodiments, the heterologous nucleic acid comprises an HIV protease
coding sequence. In some embodiments, the HIV protease comprises or consists of an amino
acid sequence having at least 70%, af least 75%, at least 0%, at least 85%, at least 90%, at

least 95%, at least 98% identity, at least 99% identity or 100% identity to SEQ 1D NO: 80:
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QITLWORPLVIIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGEFIKVRQY DOTL

IEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNE (SEQID NG 80)

302021 In some embodiments, the heterologous polynuclectide comprises a coding
region that encodes a payload molecule operably linked to one or more cleavage polvpeptides.

In some embodiments, the pavioad molecule is operably hinked to two cleavage polvpeptides.
In some embodiments, at least one cleavage polypeptide flanks the N-terminus of the payload
molecule and/or at least one cleavage polypeptide Hanks the Cotermimus of the payload
molecule. In some embodiments, the cleavage peptides and the payload molecule adopt the

configuration of:
N - cleavage polypeptide 1 — pavioad molecule ~ cleavage polypeptide 2 - C°.

{30283} In some embodiments, additional cleavage polvpeptide may be present at the
N and/or € terminus of the configuration described above in this paragraph. In some
embodiments, the additional cleavage polypeptide comprises a 2A self-cleaving peptide. In
some embodiments, the cleavage polypeptide 2 at the C-terminus comprises or consists of a
T2A self-cleaving peptide. In some embodiments, the cleavage polypeptide 1 at the N-terminus
comprises or consists of a 2A self-cleaving peptide. Tn some embodiments, additional peptide
linker (such as a Glvcine-Serine linker) may be present between the payload molecule and the

cleavage polypeptide.
Co-Expression of Multiple Payload Molecules

(30204} In some embodiments, the disclosure provides recombinant RNA replicons
comprising heterologous nucleotides encoding two or more pavicad molecules. In some
embodiments, the recombinant RNA replicon of the present disclosure enables expression of

two or more pavioad molecules from one replicon.

[66295] In some embodiments, the two or more pavioad molecules are encoded by a
continuous heterologous polynuclectide. In some embodiments, at least one of the payload
molecules is encoded by a second heterologous polvnucleotide. In some embodiments, the two

or more heterologous polynuciectide are inserted into different locations of the viral genome.

[B0206] In some embodiments, at least one of the pavicad molecudes is a secreted
protein. In some embodiments, the secreted protein comprises a native signal peptide or a non-
native signal peptide. In some embodiments, two of the payload molecules are secreted

proteins. In some embodiments, af least two of the pavicad molecules are secreted proieins. In
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some embodiments, all of the payload molecules are secreted proteins. In some embodiments,
at least one of the pavioad molecules is a secreted protein comprising a native signal peptide
sequence for secretion. Tn some embodiments, at least one of the pavicad molecules is a
secreted protein comprising a non-native signal peptide sequence for secretion. In some
embodiments, at least one of the pavioad molecules is a secreted protein without signal peptide

Sequence.

(30287} In some embodiments, each of the pavload molecule is operably linked to a
cleavage polypeptide at its C~termunus. In some embodiments, each of the payicad molecule 15

operably linked to cleavage polvpeptides al both its N-terminus and 1ts C-terminus,

(66208} In some embodiments, the heterologous polvnucleotide comprises a coding
region that encodes two or more payload molecules operably hinked to a cleavage polypeptide.
In some embodiments, the two or more payload molecules and the cleavage polypeptide adopts

the configuration of’
N’ — pavioad molecule | — cleavage polvpeptide — payload molecule 2 - C°.

00209} {n some embodiments, additional cleavage polvpeptide may be present at the
N and/or €7 terminus of the configuration described above in this paragraph. In some
embodiments, the additional cleavage polypeptide comprises a 2A self-cleaving peptide. In
some embodiments, a T2A sel{~cleaving peptide flanks the C-terminus of paviocad molecule 2.
In some embodiments, additional peptide linker (such as a Glyvcine-Serine linker) may be

present between the payload molecule and the cleavage polypeptide.

{30219} In some embodiments, the heterologous polynuclestide comprises a coding
region that encodes two pavioad molecules operably linked to a cleavage polypeptide
comprising or consisting of an IGSF polypeptide. Tn some embodiments, the IGSF1
polypeptide has the amino acid sequence of
NEAIRLSLIMOQIVALLLVVLWIRWKCRRLRIREAWLLGTAQGVTMLFIVTALLCCGLCNG
(SEQ TD NO: 75).

In some embodiments, the IGSF1 polypeptide has at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%. or at least 98% identity to SEQ 1D NO: 75 In some
embodiments, the cleavage polypeptide comprises a furin-site containing peptide having an
amino acid sequence of GSRRKRGSRRKRGS (SEQ ID NG: 76). In some embodiments, the
cleavage polypepiide coroprises, or consists of, an armino acid sequence of)

GSRRERGSRREKRGSNEATRLSLIMOLVALLLVVLWIRWKCRRLRIREAWLLGTAQGVIMLET
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VTALLCCGLCNG (SEQ ID NG 77}
In some embodiments, the cleavage polvpeptide comprises, or consist of, an amuino acid
sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least

95%, or at least 98% identity to SEQ 1D NG: 77.

68211} in some embodiments, the heterologous polynucleotide comprises a coding
region that encodes two pavicad molecules operably linked to a cleavage polypeptide
comprising of consisting of one or more HIV protease stte. In some eroboduments, the HIV
protease site comprises or consists of a PR cleavage sequence having the amino acid sequence
of TFLETS (SEQ ID NO: 78), or an amino acid sequence having at most one, at most two, or
at most three mudations or conservative mutations according (o IFLETS (SEQ ID NO: 78). In
some embodiments, the cleavage polypeptide comprises a GS linker and a PR cleavage
sequence. In some embodiments, the cleavage polypeptide comprises, or consists of, an amino
acid sequence of GSGIFLETS {(SEQ ID NG 79). In some embodiments, the cleavage
polypeptide comprises, or consists of, an amino acid sequence having at most one, at most two,
at most three or at most four mutations or conservative mutations according to GSGIFLETS

(SEQ ID NO: 79).

(30212} In some embodiments, the heterologous nucleic acid further comprises an HIV
protease coding region. In some embodiments, the HIV protease is operably hinked to the one
or more pavioad molecule by a cleavage polypeptide comprising or consisting of an HIV
protease sites. In some embodiments, the HIV protease is located in between two payload

molecule,

[60213) In some embodiments, the heterologous nucleic acid comprises a coding region
that encodes two payload molecules and the HIV protease. In some embodiments, the
heterologous nucleic acid comprises a coding region that encodes a polypeptide adopting the

configuration oft

N° — Pavioad molecule 1 — HIV protease site — HIV protease — HIV protease site — Payload

molecule 2 - C.

(60214} in some embodiments, additional cleavage polypeptide mavbe present at the N’
and/or C° terminus of the configuration described above in this paragraph. In some
embodiments, the additional cleavage polypeptide comprises an HIV protease site. In some
embodimerds, the additional cleavage polypeptide comprises a 2A self-cleaving peptide. In

some embodiments, a T2A self-cleaving peptide flanks the C-termunus of payioad molecule 2.

=
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In some embodiments, additional peptide linker (such as a Glycine-Serine linkery may be

present between the payioad molecule and the HIV protease site.

[60215] In some embodiments, the heterologous nucleic acid comprises a coding region
that encodes three pavload molecules and the HIV protease. In some embodiments, the
heterologous nucleic acid comprises a coding region that encodes a polypeptide adopting the

configuration oft

N° — Pavioad molecule 1 — HIV protease site — HIV protease — HIV protease site — Payload

maolecule 2 — HIV protease site — Payload molecule 3 -~ C7.

{66216} in some embodiments, additional cleavage polypeptides mavbe present at the
N and/or €7 termunus of the configuration described above in this paragraph. In some
embodiments, the additional cleavage polypeptide comprises an BIV protease site. In some
embodiments, the additional cleavage polypeptide comprises a 2A self-cleaving peptide. In
some embodiments, a T2A self-cleaving peptide flanks the C-terminus of payload molecule 3.
In some embodiments, additional peptide linker (such as a Glycine-Serine linker) may be

present between the payload molecule and the HIV protease site.

{66217} in some embodiments, the two or more pavioad molecules are selected from the
group consisting of a fluorescent protein, an enzyme, a cytokine, a chemokine, an antigen-
binding molecule capable of binding to a cell surface receptor, and a ligand for a cell-surface
receptor. In some embodiments, at least one of the pavlioad roolecules is a secreted protein. In
some embodiments, the two or more pavicad molecules are secreted proteins. In some
embodiments, the pavioad molecules are selected from the payvioad molecules described in the

“Heterologous Polynucleotide and Payload Molecules” section of the present disclosure.
[B0218] In some embodiments, the two or more payload molecules comprise:

a. [L-2 and IL-36y;

b. CXCL10 and an antigen binding molecule binding to FAP and CD3;

c. IL-2 and an antigen binding molecule binding to DLL3 and CD3;

d. [L-36y and an antigen binding molecule binding to DLL3 and CD3; or

e. 1L-2, 1L-36y and an antigen binding molecule binding to DLL3 and CD3
{66219} In some embodiments, the two or more payload molecules comprise anti-DLL3

bipartite polypeptide, anti-FAP bipartite polvpeptide, anti-PD-VHH-F¢ antibody, IL-2, {L-12,
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IL-18, §L-23, IL-36y, CCL21, CXCLI0, or any combinations thergof In some embodiments,

the anti-DELL3 bipartite polypeptide is an anti-DLL3/anti-CD3 bipartite polypeptide. In some

embodiments, the anti-FAP bipartite polypeptide is an anti-FAP/anti-CD3  bipartite

polypeptide.

100220

In some embodiments, the replicon of the disclosure, or the heterologous

polynucleotide of the replicon, comprises coding region for two, or at leasi two pavload

molecules according to one of the payload molecule combinations listed in Table 8 below. In

some embodiments, the replicon is a SVV derived replicon. In some embodiments, the replicon

is a CVA2L derived replicon. Each combimation of two pavicad molecules is marked as “x”

according to Table 8 below. Those “X” marked combiations in Table 8 that have the same

payload molecules indicate that the replicon comprises two copies of the payload molecule.

Table 8, Two Payload Melecule Combinations

. OM- | S S, - N g N
TFiNg CSF -2 1R-12 | Th-15 | JL-18 | 1L-23 36y CXCLI0 | CCL4 | CCLS
IFNg X X X X X X X X X X X
GM-CSF X X X X X X X X X X X
12 X X X X X X X X X X X
1.-12 X X X X X X X X X X X
1L-15 X X X X X X X X X X X
-8 X X X X X X X X X X X
1L-23 X X X X X X X X X X X
1L-36y X X X X X X X X X X X
CXCLIO X X X X X X X X X X X
CCL4 X X X X X X X X X X X
CCLS X X X X X X X X X X X
CCL21 X X X X X X X X X X X
anti-PD1- . . . .
VHE-Fo X X X X X X X X X X X
anti-TGFb-~
VHH{or X X X X X X X X X X X
scFvy-Fe
anfi-CP47- o o ; o ; ;
VHHFc X X X X X X X X X X X
ardi-I3LLS
bipartite X X X X X X X X X X X
polvpeptide
anfi-FAP
bipartite X X X X X X X X X X X
polypeptide
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FNg G‘?l/[.f -2 12 -15 | B-18 | 023 ,I,L_ CXCLIO | CCL4 | CCLS
{SF 36y
anti-EpCAM
bipartite X X X X X X X X X X X
polypeptide
Survivin X X X X X X X X X { X
MAGE fanily | X X X X X X X X
protein
LISR X X X X X X X X X 3 X
PGDH X X X X X X X X X X X
ADA X X X X X X X X X X X
ADAZ X X X X X X X X X X X
HYALL X X X X X X X X X X X
HYAL2 X X X X X X X X X X X
CHIPS X X X X X X X X X X X

MLKL (orits

4HB domain X X X X X X X X X X X

onlky}

GSDMD (or
s L19ZA

matant, or its

aming acids
1-233

fragment, or X X X X X X X X X X X
its amino
acids 1-233

fragment with

L192A
mutation}
GSDPME (or

Hs a‘;f‘z”ff”d X X X X X X X X X X X
fragment)

HMGBI (or
its Box B X X X X X X X X X X X

domain only)

Melittin {e.g.,

alpha- X X X X X X X X X X X
Mebtiin)
SMAC/THablo
{or it aminge - . . . .
acid $6-239 X X X X X X X X X X X
fragment)

Snake LAAO X X X X X X X X X X X
 Snake X X X X X X X X X X X
disintegrin

Leptin X X X X X X X X X X X
FLT3L X X X X X X X X X X X
TRAIL X X X X X X X X X X X
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[FNg GI,\\/I: -2 | .12 § I-15 | IL-18 | 123 ,I,L_ CXCLIO | CCL4 | CCLS
{SF 36y
Gasdermin D
ofatruncation | X X X X X X X X X X X
thereof
Gasdermin E
or a truncation X X X X X X X X X X X
thergof
Tumor
associated X X X X X X X X X X X
aunggen
faxtor X X X X X X X X X X X
neoaniigen
Bipartife
polypeptide
binding to
MHC.peptide X X X X X X X X X X X
aniigen
corpley
Fusogesic X X X X X X X X X X X
protemn
Table 8, (Continued)
anti- - anfe ) a3 | antieFap | 2
ccLay | PBI- ) TORD- QDT e | bipartie | PPOMM L urvivin
- VHH- VHH{or | VHH- )0'1 /,' entide | nolvpentide bipartite )
c scFv)-Fe Fc polypep potypeptiae polypeptide
iFNg X X X X X X X
GM-CSF X X X X X X X X
-2 X X X X X X X X
IL-12 X X X X X X X X
JIA &t X X X X X X X X
(1.-18 X X X X X X X X
16.-23 X X X X X X X X
136y X X X X X X X X
CXCLIO X X X X X X X X
CL4 X X X X X X X X
CCLS X X X X X X X X
CCLZE X X X X X X X X
anti-PD1- ,
VHH-F¢ X i X X X x X
anti-TGFb~
YVHH(er X X X X X X X X
sciv)-Fe
anti-CD47- . . ~ ~ .
VEHH-Fe X X X X X X X X
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anti- anti- anti- . R anti-
— - anti-DLL3 anti-FAP
conay | PRI TGP EDIT- 0 e | bipartte | POOM O urviving
VHH- | VHH{or | VHH- |8 | ompentde | PP
Fe scFy)-Fe Fe polypeptice | polypepude polvpeptide
anfi-DLL3
bipartite X X X X X X X x
polypeptide
andi-FAP
bipartite X X X X X X X X
polypeptide
ant-EpCAM
bipartite X X X X X X X X
polypeptide
Survivin X X X X X X X X
MAGE family ' X X X X X X X
protein
ISR X X X X X X X X
PGDH X X X X X X X X
ADA X X X X X X X X
ADAZ X X X X X X X X
HYALL X X X X X X X X
CHIPS X X X X X X X X
MLKL (orits
4HB domain X X X X X X X X
only)
GSDMD (or
its L192A
mutant, ofr its
amine acids
1-233
fragment, or X X X X X X X X
its amino
acids 1-2533
fragment with
L192A
mutations
GSDME (or
its a?f;ffmd % ¥ ¥ 5 < 5 % <
fragment)
HMGRI (or
its Box B X X X X X X X X
domain only)
Melittin {c.g.,
alpha- X X X X X X X X
Mehtun)
SMAC/Hablo
{or its aminge . " - . . o
acid $6-230 X X X X X X X x
fragment)
Snake LAAO X X X X X X X X

S0
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anti- anti- anti- . R anti-
—~ - anti-DLL3 anti-FAP
CCL2 PD1- TGFb- | CD47- bipattite bipartite EpCAM Survivin
o VHH- VHH{or | VHH- olvneptide oiw' antide bipartite
Fc scFy)-Fe Fe polypephce | polvpepude polvpeptide
Snake. X X X X X X X X
disintepnn
Leptin X X X X X X X X
FLT3L X X X X X X X X
TRAIL X X X X X X X X
Gasdermin D
or a truncation X X X X X X X X
thereof
Gasdermin B
or a truncation X X X X X X X X
thereof
Toraor
assoctated X X X X X X X X
antigen
Tumor X X X X X X X X
neoantigen
Bipartite
polvpeptide
binding to < ¥ ¥ 5 < 5 % <
MHC-peptide : “ ‘
antigen
coniplex
Fusogenic X X X X X X b X
protem
Table 8. (Continued)
MAGE MLKL {(orits
family | ILI1SR | PGDH | ADA | ADA2 | HYALY | HYALZ CHIPS 4HB domain
protein only}
IFNg X X X X X X X X X
GM-CSF X X X X X X X X X
L2 X X X X X X X X X
(1.-12 X X X X X X X X X
IL-15 X X X X X X X X X
IL-18 X X X X X X X X X
{1.-23 X X X X X X X x X
36y X X X X X X X X X
CXCLIO X X X X X X X X X
CCL4 X X X X X X X X X
CCLS X X X X X X X X X
CCL2Y X X X X X X X X
anti-PDL- .
VHH-Fe X X X X X X X X X
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MAGE MLXL {or its
faraily | ZLISR | PGDH | ADA | ADAZ | HYALL | HYAL2 CHIPS 4HB domain
protein only)
anti-TGFb-
VHH(or X X X X X X X X X
seFv)y-Fe
anti-CI47- ,
VHH-Fe X X X X X X X X X
anti-I3LE3
bipartite X X X X X X X X X
polvpeptide
anti-FAP
bipartite X X X X X X X X X
polvpeptide
anti-EpCAM
bipartite X X X X X X X X X
polvpeptide
Survivisg X X X X X X X X X
MAGE fasily | X X X X X X X X
profein
[LESR X X X X X X X X X
PGDH X X X X X X X X X
ADA X X X X X X X X X
ADA2 X X X X X X X X X
HYALL X X X X X X X X X
HYAL2 X X X X X X X X X
CHIPS X X X X X X X X X
MLKL (orifs
4HB domain X X X X X X X X X
onlvy
GSDMD (or
its L19ZA
wand, o i
annnge acids
[-233
fragraent, or X X X X X X X X X
its 4minG
acids 1-233
fragment with
LI92A
mutatony
GSDME (or
Hsanuno acid |y X X X X X X X X
£-237
fragnment)
HMGBI (or
its Box B X X X X X X X X X
doraarn only)
Melittin (¢.2..
alpha- X X X X X X X X X
Melitiin)
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MAGE MLXL {or its
faraily | ZLISR | PGDH | ADA | ADAZ | HYALL | HYAL2 CHIPS 4HB domain
protein only)

SMAC/Hablo

{01 its aming - . . ,
acid $6-239 X X X X X X X X X
fragment)

Snake LAAO X X X X X X X X X
 Smake X X X X X X X X X
disintegrin

Leptin X X X X X X X X X
FLT3L X X X X X X X X X
TRAIL X X X X X X X X X

Gasderrain I3

or g frncation X X X X X X X X X

thereof

Gasdermin B

or a fruncation X X X X X X X X X

thereof
Tumor
associated X X X X X X X X X
antigen
Tumor X X b X X X X X X
neoantigen
Bipartite
polypeptide
binding to
MHC-peptide X X A X X x X X X
antigen
complex
Fusogenic X X X X X X X X X
profein
Table 8. (Continued)
GSDMD (or its
L192A mutant, SMAL/
or its amino G{‘S)I?IZIE HMGBL Melittin Diablo
acids 1-233 DOF B {orits o {or its o Snake
fragment, orits aming Box B . anine Suake clis- Leptin
EMERL 0T 1 acid 1 | TO¥E 1 alpha- e lraao | O R
amine acids 1- e dowmain o acid 56- integrn
o 237 N Melittin -
233 fragment fracmient’ only} 239
with L1924 a8 ’ fragment}
muation)
IFNg X X X X X X X X
GM-CSF X X X X X X X X
12 X X X X X X X X
.12 X X X X X X X X
1L-1S X X X X X X X X
-8 X X X X X X X X
L-23 X X X X X X X X
1L-36y X X X X X X X X
CXCLIO X X X X X X X X
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GSDMD {orits
LlQ?_J} mu_m_nt, GEDME N jSMAC/
o7 s anuinoe . HMGBI e Diablo
. - {or its S Melittin . -
acids 1-233 . {or ifs ) {or its Snake
; . ARG 2.2, . Snake . .
fragment, o1 ifs . Box B . anuno dis- Leptin
> . acid {- . alpha- s LAAG | . .
amino acids 1- i domain . acid 56- infegrin
PR, iy 237 Mebtin) o
233 fragment fFragment) onkyy 239
with LI92A agmenty fragment)
mtation)
CCL4 X X X X X X X X
LS X X X X X X X X
CCL2Y X X X X X X X X
anti-PD1- -, ; .
VEHFe X X X X X X X X
anti-TGFb-
VHH{or X X X X X X X X
schvi-Fe
anl-CD47- - - .
VHILFe X X X X X X X X
anti-DLL3
bipartite X X X X X X X X
polypeptide
andi-FAP
bipartite X X X X X X X X
polypeptide
ant-EpCAM
bipartite X X X X X X X X
polypeptide
Survivin X X X X X X X X
MA(E f.?mﬂy 5 % % < X 5 < <
prote
ILISR X X X X X X X X
PGDH X X X X X X X X
ADA X X X X X X X X
ADIAZ X X X X X X X X
HYALL X X X X X X X X
HYAL2 X X X X X X X X
CHIPS X X X X X X X X
MLEL (orifs
4HB domain X X X X X X X X
onky}
GSDMD (or
s L192A
mautant, o s
4mino acids
1-233
fragment, or X X X X X X X X
its amino
acids 1-233
fragment with
LI9A
wtation}
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GSDMD {orits
LI9ZA mulant, | oy g . SMAL/
o7 s anuinoe . HMGBI e Diablo
acids 1-233 (m.lils {or its Mehtim {07 it Snake
; . ARG 2.2, . Snake . .
fragment, or ils : Box B A NG dis- Leptin
amino acids 1- acnii - domain alph& acid 56- LAAD infegrin
o ) 237 Mebtin) s
23?\ fragment fragment) only) 239
with LE92A ’ fragment)
mtation)
GSDME (or
tis ai‘ffj;97d”id X X X X X X X X
fragracnt)
HMGB1 (or
its Box B X X X X X X X X
domain ondy)
Melittin {e.g.,
alpha- X X X X X X X X
Melitting
SMAC/THablo
{or its amino
acid 36-239 X X X A X X X A
fragraent)
Snake LAAQ X X X X X X X X
Snake X X X X X X X X
disinegrin
Leptin X X X X X X X X
FLT3L X X X X X X X X
TRAIL X X X X X X X X
Gasdermin D
or a froncation X X X X X X X X
thereof
Gasdermin E
of a truncation X X X X X X X X
thergof
Tumor
associated X X X X X X X X
aniigen
Tumor X X X X X X X X
negantigen
Bipartite
polypeptide
binding to X < ¥ % 5 X % %
MHC-peptide
antigen
complex
Fusogenic X X X X X X X X
profein
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Table & (Continued)
Bipartite
Gasdermin | Gasdermin . - peyiypeprtade
Dora Eora Famor Tumor | binding to Fusogenic
FLT3L | TRATLL ) : associated | neo- M- OECIIC
truncation | {rncation anticen. | antisen eptide protein
thereof thereof B¢ e Bep
antigen
complex
GM-CSF { X X X X X X X
IL-2 X X X X X X X X
IL-18 X X X X X X X X
IL-23 X X X X X X X X
IL-36y X X X X X X X X
CXCLAO X X X X X X x X
CCL4 X X X X X X X X
CCLS X X X X X X X X
CCL2t X X X X X X X X
anti-PFD - - - - .
VHELEe X X X X X X X X
anti-TGFb-~
VHH{or X X X X X X X X
scFv)-Fc
anti~C47- . o . - ,
VHH-Fc X X X X X X x X
anti-DLL3
bipartite X X X X X X X X
polypeptide
anli-FAP
bipartite X X X X X X X X
polvpeptide
anti-EpCAM
bipartite X X X X X X X X
polvpeptide
Srvivin X X X X X X X X
MAG.E tgmal‘y % % x 5 ¥ % X X
pro{ein
DLISR X X X X X X X X
PG X X X X X X X X
ADA X X X X X X X X
ADA2 X X X X X X X X
HYALL X X X X X X X X
HYAL2 X X X X X X x X
CHIPS X X X X X X X X
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Bipartite
Gasdermin | Gasdermin | . pqiypeptide
N ' Bora Eora Eumar ‘ {urnor bmd;i}_g o Fusogenic
FLT3L | TRALL . . associated Heo- MBC- .
fruncation | fruncation L . o profein
thereof thereof antigen | anbgen P egtlde
anfigen
complex
MLXKL {or its
4HB domain X X X X X X X X
only}
GSDMD (or
its L1924
mtant, or is
amino acids |-
233 _h‘za Zmeni, % e ¥ % ¥ ¥ X ¥
GF IS AN
acids £-233
feagment with
Li92A
mation)
GRDME (or
its aﬂungjic;d ¥ x % 5 % < X %
1-237
fragment}
HMGPRI {or
its Box B X X X X X X X X
domain only)
Mehthn (e.g.,
alpha- X X X X X X X X
Melitin
SMAC/nablo
{07 its amino
acid 56-239 X A X X X A X X
fragment}
Snake LAAG X X X X X X X X
Smake X X X X X X X X
disintegrin
Leptin X X X X X X X X
FLT3L X X X X X X X X
TRALL X X X X X X X X
Gasdermin D
of a truncation X X X X X X X X
thereof
Gasdermin E
of a truncabion X X X X X X X X
thereof
Tumor
associated X X X X X X X X
antigen
Tumor X X X X X X N X
NCOANBLEN
Bipartite
polypeptide
binding to % < ¥ ¥ ¥ X X ¥
MHC-peptide ) . : )
antigen
complex
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Bipartite
Gasdermin | Gasdermin | . e pqiypeptide
Dora Eora Fomor {umor | binding to Fusogenic
FLTIL | TRALL ; . associated | neo- MIC- senie
fruncation | fruncation antigen antigen epfide profein
thereof thereof ® E Bep
antigen
complex
Fusogenic X X X X X X X
protein
(66221} in some embodiments, the replicon of the disclosure, or the heterclogous

polynucleotide of the replicon, comprises coding region for three, or at least three payload

molecules according io one of the pavicad molecule combinations listed in Table 9 below. In

some embodiments, the replicon is a SVV derived replicon. In some embodiments, the replicon

is a CVAZ21 derived replicon.

Table 9. Three Pavicad Molecules Combination

# Payload Molecule Combination # Payload Moelecule Combination

1 anti-DLL3 bipartite polypeptide, anti- 61 anti-F AP bipartite polypeptide, IL-
FAP bipartite polypeptide, anti-PD1- 23, CXCL10
VHH-Fc antibody

2 anti-BLL3 ¢, anti-FAP bipartite 62 anti-FAP bipartite polypeptide, 1L~
polvpeptide, 1L-2 36y, CCL21

3 anti-DL1L3 bipartite polypeptide, anti- 63 anti-F AP bipartite polypeptide, 1L-
FAP bipartite polypeptide, IL-12 36y, CXCL10

4 anti-DLL3 bipartite polypeptide, anti- 64 anti-FAP bipartite polypeptide,
FAP bipartite polypeptide, 1L-18 CCL21, CXCL1O

S ardi-DLL3 bipartite polypeptide, anii- 65 anti-P1-VHH-Fe antibody, 1L-2,
FAP bipartite polypeptide, IL-23 iL-12

6 anti-DLL3 bipartite polypeptide, anti- 66 anti-PD1-VHH-F¢ antibody, 1L-2,
FAP bipartite polypeptide, IL-36y 1L.-18

7 anii-DL.L3 bipartite polypeptide, anti- 67 andi-PD1-VHH-Fe antibody, [L-2,
FAP bipartite polvpeptide, CCL21 iL-23

& anti-DLL3 bipartite polypeptide, anti- 68 anti-PDI-VHH-Fe antibody, [L-2,
FAP bipartite polypeptide, CXCL10 {L-36y

9 anti-DLL3 bipartite polypeptide, anti- 69 anti-PD1-VHH-Fc antibody, [L-2,
PDI-VHH-F¢ antibody, 11-2 CCL21

10 anti-DLL3 bipartite polypeptide, anii- 76 anli-PD1-VHH-Fc antibody, 1L-2,
PD1-YHH-Fc antibody, IL-12 CXCL10

11 anti-DLL3 bipartite polypeptide, anti- 71 anti-PDI-VHH-Fc antibody, 1L~
PD1-VHH-Fc antibody, 1L-18 12,1L-18

12 anti-DLL3 bipartite polypeptide, anti- 72 anti-PDI-VHH-Fec antibody, [L-
PD1-VHH-Fc antibody, 11L-23 12, IL-23

13 anti-DLL3 bipartite polypeptide, anti~ 73 anti-PD1-VHH-Fe antibody, IL-
PD-VHH-F¢ antibody, 1L-36y 12, IL-36y
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# Payload Molecule Combination # Pavicad Maolecule Combination

14 anti-DL.1L3 bipartite polypeptide, anti- 74 amti-PDi-VHH-Fc antibody, 1L~
PD1-VHH-Fc antibody, CCL21 12, CCL21

i3 anti-DLL3 bipartite polypeptide, anti- 75 anti-PD1-YHH-Fe antibody, 1L~
PDI1-VHH-Fc antibodv, CXCL10 12, CXCLI0

16 anti-DLL3 bipartite polypeptide, IL-2, 76 anti-PD1-VHH-Fc antibody, [L-
IL-12 18, 1L.-23

17 anti-DLL3 bipartite polypeptide, IL-2, 77 anti-PD1-VHH-Fc antibody, [L-
1L-18 18, HL.-36y

18 anti-DL.1L3 bipartite polypeptide, IL-2, 78 amti-PDI-VHH-Fc antibody, 15~
1L-23 18, CCL21

19 anti-DLL3 bipartite polypeptide, IL-2, 79 anti-PDI-VHH-Fe antibody, [L-
1L-36y 18, CXCLI0

20 anti-DLL3 bipartite polypeptide, 1L-2, &0 anti-PD1-VHH-Fe antibody, IL-
CCL2E 23, IL-36y

21 anti-BLL3 bipartiie polypeptide, 1L-2, ]1 anli-PD1-VHH-Fc antibody, TL-
CXCLIO 23, CCL21

22 anti-DLL3 bipartite polypeptide, 1L-12, 82 anti-PD1-VHH-Fc antibody, 1L~
iL-18 23, CXCLI0

23 anti-DLL3 bipartite polypeptide, 1L-12, 83 argi-PD1-VHH-Fe antibody, -
IL-23 36y, CCL21

24 anti-DLL3 bipartite polypeptide, IL-12, 84 anti-PDI-VHH-Fc antibody, [L-
1L-36y 36y, CXCL1O

25 anti-DLL3 bipartite polypeptide, 1L-12, 85 anti-PD1-VHH-Fc antibody,
CCL21 SCL21, CXCL1O

26 anti-DLL3 bipartite polypeptide, IL-12, 86 -2, 1L-12, {L-18
CXCLIO

27 anti-DL.L3 bipartite polypeptide, 1L-18, 87 W-2, 1L-12, 1L-23
1L-23

28 anti-DLL3 bipartite polypeptide, 1L-18, 88 -2, TL-12, HL-36y
1L-30y

29 anti-DLL3 bipartite polypeptide, IL-18, 39 1.2, 1L-12, CCL2T
CCL2E

30 anti-DLL3 bipartiie polypeptide, IL~18, ] 90 {L-2, IL-12, CXCL10
CXCLIO

31 | anti-DLL3 bipartite polypeptide, iL-23. | 91 1L-2, 1L-18. 1L-23
IL-36y

32 | anti-DLL3 bipartite polypeptide, IL-23, | 92 -2, 1L-18, IL-36y
CCL2

33 anti-BLL3 bipartite polypeptide, 1L-23, 93 1.2, 1L-18, CCL21
CXCLIO

34 anti-DLL3 bipartite polvpeptide, TL-36y, | 94 11-2, 1L-18, CXCL10
CCL2E

35 anti-DLL3 bipartite polypeptide, IL-36y, | 95 IL-2, 11.-23, 1L-36y
CXCLIO

36 | anti-DLL3 bipartite polypeptide, CCL21. | 96 -2, 1L-23, CCL21
CXCLIO

37 anti-FAP bipartite polypeptide, anti-PD - | 97 1.2, 1L-23, CXCL10

/HH-Fe antibody, 1L-2
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# Payload Molecule Combination # Pavicad Maolecule Combination

38 anti-FAP bipartite polypepiide, anti-PD1- | 98 L-2, IL-36y, CCLZ1
VHH-F¢ antibody, 1L-12

39 anti-FAP bipartite polypeptide, anti-PDH- | 99 -2, 1L-36y, CXCLIO0
VHH-Fc antibody, [L-18

40 anti-F AP bipartite polypeptide, anti-PD1- | 100 {L-2, CCL21, CXCLIO
VHH-Fc¢ antibody, 1L-23

41 anti-F AP bipartite polypeptide, anti-PD1- | 101 {L-12, 118, 123
VHH-Fc antibody, 1L-36y

42 anti-FAP bipartite polypepiide, anti-PD1- | 102 1L-12, 1L-18, {L-36y
VHH-F¢ antibody, CCL21

43 anti-FAP bipartite polypeptide, anti-PD - | 103 H-12,1L-18, CCL2Y
VHH-F¢ antibody, CXCLIO

44 anti-FAP bipartite polypeptide, IL-2, IL- | 104 1L-12, 1L-18, CXCL1O
12

45 | anti-FAP bipartite polypeptide, 1L-2. L~ | 105 | L-12. 1L-23. IL-36y
18

46 anti-FAP bipartite polypeptide, IL-2, IL- | 106 IL-12) 1L-23, CCL21
23

47 anti-FAP bipartite polypeptide, -2, [L- | 107 L-12, ¥L-23, CXCLIO
36y

48 | anti-FAP bipartite polypeptide, IL-2, 108 | IL-12, 1L-36y. CCL21
CCL21

49 anfi-F AP bipartite polypeptide, 1L-2, 109 11-12, 1-36y, CXCL1O
CXCLIO

S0 anti-FAP bipartite polypeptide, IL-12, 110 IL-12, CCL2L, CXCLIO
IL-18

51 anti-FAP bipartite polypeptide, 1L-12, 1By 1L-18, 1L-23, [L-36y
1L-23

52 anii-FAP bipartite polypeptide, 1L-12, i12 L-18, 1L-23, CCL21
1L-30y

53 ani-F AP bipartite polypeptide, 1L-12, 113 H-18, 18-23, CXCLIO
CCL2E

54 anti-F AP bipartite polypeptide, [L-12, 114 IL~18, IL-36y, CCL2E
CXCLIO

S5 anti-FAP bipartite polypeptide, IL-18, 1S IL-18, IL-36y, CXCLIO
iL-23

56 anti-FAP bipartite polypeptide, 1L-18, i16 IL-18, CCL2Y, CXCLIO
1L-36y

57 andi-F AP bipartite polypeptide, 1L-18, 117 11-23, 1L-36y, CCL2E
CCL2E

58 anti-FAP bipartite polypeptide, [L-18, 118 11.-23, IL-36y, CXCL10
CXCLIO

59 anti-F AP bipartite polypeptide, IL-23, 119 1L-23, CCL2L, CXCL1O
1L.-36y

60 anti-FAP bipartite polypeptide, 1L.-23, £20 W-36y, CCL2L, CXCLAO
CCL21
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106222

9 binds to BLL3 and one of the effector cell antigens listed in Table 3. In some emsbodiments,

in some embodiments, the anti-DLL3 bipartite polvpeptide in Table 8 or Table

the anti-DLL3 bipartite polypeptide in Table 8 or Table 9 binds to DLL3 and one of the effector
cell antigens selected from CD3, NKpd6 and CD16. In some embodiments, the anti-DLL3

bipartite polypeptide in Table 8 or Table 9 is a BiTE.

{60223} In some embodiments, the anti-F AP bipartite polvpeptide in Table 8 or Table 9
binds to FAP and one of the effector cell antigens listed in Table 3. In some embodiments, the
anti-F AP bipartite polypeptide in Table 8 or Table 9 binds to FAP and one of the effector cell
antigens selected from CD3, NKp46 and CD 6. Tn some embodiments, the anti-F AP bipartite

polypeptide in Table 8 or Table 9is a BiTE.

60224} In some embodiments, the anti-EpC AM bipartite polypeptide in Table 8 or
Table 9 binds to EpCAM and one of the effector cell antigens listed in Table 3. In some
embodiments, the anti-EpCAM bipartite polypeptide in Table 8 or Table 9 binds to EpCAM
and one of the effector cell anfigens selected from CD3, NKpd6 and CD16. In some

embodiments, the anti-EpCAM bipartite polypeptide in Table 8 or Table 91s a BiTE.

{66225} In some embodiments, the Various Seneca Valley virus (SVV) derived
recombinant RNA replicons comprise a heterologous polynucleotide encoding one or more
immusomodulatory proteins (e.g., anti-DLL3 Bi-specific T-cell engager (BTE). In some
embodiments, the SVV derived recombinant RNA replicons further comprise coding regions
for one or more cytokines (eg., IL-2, IL-12, 1L-36y} and/or one or more chemokines (e.g.,
CCLZY, CCL4)Y. In some embodiments, the SVV derived recombinant RNA replicons comprise

coding regions of two or roore payload molecules according to Table 10 below.

Table 10, Payload Molecules for SVV derived Replicon

SVV derived Replicon

Payload Molecules

Replicon Constructf Al

anti-DLL3 BiTE, IL-2

Replicon Construct#AZ:

anti-DLL3 BTE IL-12

Replicon Constructf A3:

anti-DLL3 BiTE, IL-36y

Replicon Construct# A4

anti-DLL3 BiTE, CCL21

Replicon ConstrucH AS:

anti-DLL3 BiTE, CCL4

Replicon Constructf A6

anti-DLL3 BiTE) 1L-2, 1L-12

Replicon Construct# A7

anti-DLL3 BiTE, 1L-2, 1L-36y

Replicon Construct? A8:

anti-DLL3 BiTE, 1L-2, CCL21

anti-DLL3 BITE, {L-2, CCL4

i
Replicon Construct# A9:
Replicon Construct#A10:

anti-DLL3 BiTE, 1L-12, [L-36y
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SVV derived Replicon

Replicon Construct# AL
Replicon Construct#ALZ:
Replicon Construct#A LS
Replicon Construct#Al4:
Replicon Construct#AlS:

Payload Molecules

anti-DLL3 BITE, 1L-12, CCL2T
anti-DLL3 BTE, IL-12, CCL4
anti-DLL3 BITE, IL-36y, CCL21
anti-DLL3 BIiTE, IL-36y, CCL4
anti-DLL3 BTE, CCL21, CCL4

106226
RNA

In some embodimenis, the Coxsackievirus A2 {CVAZ1derived recombinant

replicons  coroprise  a  heierologous polvnucleotide encoding one ot  more
immunomodulatory proteins {e.g., anti-DLL3 Bi-specific T-cell engager (BiTE}). In some
embodimenis, the CVA21 derived recombinant RNA replicons further comprise coding
regions for one or more cytokines {e.g., IL-2, [L-12, TL-36y) and/or one or more chemokines
{e.g, CCL21, CCL4). In some embodiments, the CVAZ21 derived recombinant RNA replicons

comprise coding regions of two or more payload molecules according to Table 11 below.

Table 11. Paylead Molecules for CVAZ1 derived Replicon

CVAZ1 derived Replicon Payload Molecules

Replicon Construct#Cl: anti-DLL3 BiTE, [L-2
Rephicon Construct#C2: anti-DLL3 BiTE, IL-12
Replicon Construct#C3: anti-DLL3 BITE, IL-36y
Replicon Construct#C4: anti-DLL3 BiTE, CCL21
Replicon Construct# CS: anti-DLL3 BITE, CCL4
Replicon ConstructfC6: anti-DLL3 BIiTE, IL-2, TL-12

Replicon Construct#(C7:

anti-DLL3 BITE,

1E-2, IL-36y

Replicon Construct#CS:

anti-DLL3 BiTE,

IE-2, CCLZ1

Replicon Construct#C9:

anti-DLL3 BITE,

1L-2, CCL4

Replicon Construct#C10:

anti-DLE3 BiTE,

1L-12, IL-36y

Replicon Construct#Cl1:

anti-DLL3 BiTE,

IL-12, CCL2L

Replicon Construct#C12:

anti-DLL3 BIiTE,

IL-12, CCL4

Replicon Construct#C13:

anti-DLEL3 BiTE,

IL-36y, CCL21

Replicon Construct#Cl4:

anti-DLL3 BITE,

IL-36y, CCL4

Replicon Construct#C15:

anti-DLL3 BITE,

CCL21, CC1L4

Internal Ribosome Entry Site

160227} In some erobodiroents, the recombinant RNA replicon comprises an IRES
outside of the 5° UTR. In some embodiments, the IRES is located between 3° UTR and 2B

coding region. In some embodiments, the IRES is located between 2A coding region and 2B
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coding region. In some embodiments, the IRES is located between the payload molecule coding
sequence and 2B coding region. In some embodiments, the IRES is located between a CRE
and 2B coding region. In some embodiments, the IRES is located between 7 UTR and the
heterologous polynucleotide. In some embodiments, the IRES is located between the CRE and
the heterclogous polynucleotide. In some embodiments, the IRES is located between a VP
coding region and the heterologous polynucleotide. In some ernbodiments, the IRES 15 located
between 2A coding region and the heterclogous polynucleotide. In some embodiments, the
IRES is an EMCV IRES. In some embodiments, the replicon is a replicon comprising a SVV

genome.
Trans-encapsidation

(66228} In some embodiments, the recombinant RMNA replicon of the disclosure can be
trans-encapsidated by another recombinant RNA molecule encoding an oncolyitic virus {e.g,
an RNA viral genome). Such recombinant RNA molecule may comprise a viral genome (g.2.,
a synthetic viral genomes). In some embodiments, such recombinant RNA molecules or RNA
viral genome is capable of producing an infectious, lvtic virus when 1ntroduced into acell by a
non-viral delivery vehicle and does not reguire additional exogenous genes or proteins to bhe
present in the cell in order to replicate and produce an infectious virus. In some embodiments,
such RNA viral genome comprises all the VP coding regions. The expressed viral proteins then
mediate viral replication and asserobly into an infectious viral particle {which may comprise a
capsid protein, an envelope protein, and/or a membrane protein) comprising the RNA viral
genome. In some embodiments, the recombinant RNA replicon of the disclosure can be trans-
encapsidated by the capsid proteins expressed froro such RNA viral genome. In some
embodiments, the recombinant RNA replicon can be {rans-encapsidated when the recombinant
RNA replicon and the RNA viral genome are present in the same cell (2.g., by delivering them
nto the cell via the particle). As such, the recombinant RNA replicon and the RNA viral
genome described herein, when introduced into the same host cell, can produce two groups of
viral particles - one group comprises the recombinant RNA replicon, the other group comprises

the RNA viral genome, both of which are capable of infecting another host cell.
miRNA target sequence (miR-TS) cassette

332291 In some embodiments, the recombinant RNA replicon comprises one or more

microRNA (miRNA) target sequence {muR-TS) cassettes, wherein the muR-TS cassette
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comprises one or more miRNA target sequences, and wherein expression of one or more of the
corresponding miRNAs in a cell inhibits replication of the replicon in the cell. In some
embodiments, the one or more miRNAs are selecied from miR-~124, muR-1, miR-143, muR-
128, miR-219, miR-219, nuR-122, nuR-204, nmuR-217, nuR-137, and miR-126. In some
embodiments, the miR-TS cassetie comprises one or more copies of a miR-124 target sequence,
one or more copies of a miR-1 target sequence, and ove or more copies of a miR-143 target
sequence. In some embodiments, the miR-TS cassette comprises one or more copies of a miR-
128 target sequence, one or more copies of a miR-21%a target sequence, and one or more copies
of a muR-~122 target sequence. In some embodiments, the miR-TS cassette comprises one or
more copies of a miR-~128 target sequence, one or more copies of a miR-204 target sequence,
and one or more copies of a miR-219 farget sequence. In some embodiments, the nuR-TS
cassette comprises one or more copies of a miR-217 target sequence, one or more copies of a

miR-137 tarzet sequence, and one or more copies of a miR-126 target sequence.
<

(30230} {n some embodiments, the recombinant RNA replicon comprises one or more
miR-TS casseties is incorporated into the 5° untransiated region (UTR) or 3° UTR of one or
more essential viral genes (protein coding regions). In some embodiments, the recombinant
RMNA replicon comprises one or more miR-TS casseties is incorporated into the 3 untransiated
region (UTR) or 3° UTR of one or more non-essential genes. In some embodiments, the

.

recombinant RNA replicon comprises one or more miR-TS cagsettes is incorporated 5° or 3

of one or more essential viral genes.
Methods of producing vecombinant RNA replicons

[30231] In some embodiments, the recombinant RNA replicons of the disclosure are
produced in vifro using one or more DNA vector lemplates comprising a polvnucleotide
encoding the recombinant RNA replicons. The term “vector” is used herein {0 refer to a nucleic
acid molecule capable transterring, encoding, or transporting another nucleic acid molecule.
The transferred nuclete acid is generally jnserted into the vector nucleic acid molecule. A vector
may include sequences that direct autonomous replication in a cell and/or may include
sequences sufficient to allow integration mto host cell DNA. In some embodiments, the

recornbinant RNA replicon of the disclosure is produced using one or more viral vectors.

[30232] in some embodiments, the recombinant RNA replicons of the disclosure are
produced by introducing a polynucleotide encoding the recombinant RNA replicon {e.g., by

means of transfection, transduction, electroporation, and the like} into a suitable host cell in
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vitro. Suttable host cells include insect and mammalian cell lines. The host cells are cultured
for an appropriate amount of time to allow expression of the polynuclectides and production
of the recornbinant RNA replicons. The recombinant RNA replicons are then isolated from the
host cell and formulated for therapeutic use {e.g., encapsulated in a particle). A schematic of
the in vifro synthesis of the recombinant RNA replicons with 37 and 57 ribozymes is shown in
FIG. 26 (using SVV derived replicou as example but it applies to other replicous as well). The
same schematic applies to the synthesis of recombinanmt RNA replicons using other

combinations of junctional cleavage sequences.

{68233} In some embodiments, the replication of the recombinant RNA replicons of the
disclosure require discrete 5 and 3° ends that are native to the viral genome of the replicon.
The RNA transcripts produced by T7 RNA polymerase in vifre or by mammalian RNA Pol Il
contain mammalian 5° and 37 UTRs do not contain the discrete, native ends required for
production of an infectious RNA virgs. For example, the T7 RNA polymerase requires a
guanosine residue onthe 57 end of the template polynucleotide in order to 1nihate transcription.
However, SYV begins with a uridine residue on 1ts 57 end. Thus, the T7 leader sequence, which
is required for in vitro transeription of the replicon comprising the SVV viral genome, must be
removed to generate the native 87 SVV terroinus required for production of a {unctional
replicon. Therefore, 1n some embodiments, polynuciectides suitable for use in the production
of the recombinant RNA replicons of the disclosure requure additional non-viral §7 and 3
sequences that enable generation of the discrete 57 and 37 ends native {o the virus. Such
sequences are referred to heren as junctional cleavage sequences (JC8). Insome embodiments,
the junctional cleavage sequences act to cleave the T7 RNA polymerase or Pol [I-encoded RNA
transcript at the junction of the viral RNA and the mammalian mRNA sequence such that the
non-viral RNA polynucleotides are rersoved from the transcript in order to wmaiotain the
endogencus 5 and 3 discrete ends of the viral genome (See schematic shown in FEG, 27} In
some embodiments, the junctional cleavage sequences act to generate the appropriate ends
during the linearization of the DNA plasmid encoding the recombinant RNA replicons {e.g.,
the use of 37 restriction enzyre recogniiion sequences to produce the appropriate 37 end upon
linearization of the plasmid template and prior to in vifro transcription of the recombinant RNA

replicons).

(66234} The nature of the junctional cleavage sequences and the removal of the non-
viral RNA from the viral genome transcript can be accomplished by a variety of methods. For

example, in some embodiments, the junctional cleavage sequences are targets for RNA
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interference (RINA1) molecules. “RNA interference molecule™ as used herein refers to an RNA
polvnucleotide that mediates degradation of a target mRNA sequence through endogenous
gene stlencing pathways {e.g., Dicer and RN A-induced silencing complex (RISC)). Exemplary
RNA interference agents include micro RNAs (miRNAs), artificial miRNA (amiRNAs), short
hairpin RNAs {shRNAs)}, and small interfering RNAs (siRNAs). Further, any system for
cleaving an RNA transcript at a specific site currently known the art or to be defived 1o the

future can be used to generate the discrete ends native to the virus.

{60235} in some embodiments, the RNA1 molecule 15 a miBRNA. A nuRNA refers to a
naturatly-occurring, small non-coding RNA molecule of about 18-25 nucleotides in length that
is at Jeast partially complementary to a target roRNA sequence. fo animals, genes for nuRNAs
are transcribed to a primary miRNA (pri-muRNA), which is doubie stranded and forms a stem-
foop structure. Pri-nuiRNAs are then cleaved in the nucleus by a microprocessor complex
comprising the class 2 RNagse 11, Drosha, and the microprocessor subunit, DCGRSE, to form a
70— 100 nucleotide precursor miRNA (pre-maRNA). The pre~-miRNA forms a hairpin structure
and 15 transported to the cytoplasm where if is processed by the RNase 1 enzyme, Dicer, into
a miRNA duplex of ~ 18-25 nucleotides. Although either strand of the duplex may potentially
act as a functional miRNA, typically one sirand of the nuRNA is degraded and only one strand
is loaded onto the Argonaute {AGO) nuclease to produce the effector RNA~induced silencing
complex {RISC} in which the nuRNA and its mRNA target mteract (Wahid ef o/, 1803:11,
2010, 1231-1243). In some embodiments, the 5” and/or 3° junctional cleavage sequences are

miRNA target sequences.

[60236] in some embodimends, the RNA1 molecule is an artificial miRNA (amuRNA)
derived from a synthetic miRNA-embedded i a Pol U transcript. (See e.g, Liner ¢/, Nucleic
Acids Res (2008} 36:9; 2811-2834; Zeng ef of., Molecular Cell (2002}, 9; 1327-1333; Fellman
et al., Cell Reports (2013} §; 1704-1713). In some embodiments, the 5 and/or 37 junctional

cleavage sequences are amiRNA target sequences.

{30237} In some embodiments, the RNA1 molecule is an siRNA molecule. siRNAs refer
to double stranded RNA molecules typically about 21-23 nucleotides 1 length. The duplex
siRNA molecule is processed in the cytoplasm by the associates with a multi protein complex
calied the RN A~induced silencing complex (RISC), during which the “passenger”™ sense strand
iz enzymatically cleaved from the duplex. The antisense “gmude” strand contained i the
activated RISC then guides the RISC 1o the corresponding mRBNA by virtue of sequence

complementarity and the AGO nuclease cuts the target mRNA, resulting in specific gene
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silencing. In some embodiments, the siIRNA molecule is dertved from an shRNA molecule.
shRNAs are single stranded artificial RNA molecules ~ 50-70 nucleotides in length that form
stem-~loop structures. Expression of shRNAs i cells is accornplished by jntroducing a DNA
polynucleotide encoding the shRNA by plasnud or viral vector The shRNA 15 then transcribed
into a product that mimics the stem-loop structure of a pre-nuRNA, and after nuclear export
the hatr-pin s processed by Dicer to forro a duplex siRNA roolecule which is then further
processed by the RISC to mediate target-gene silencing. In some embodiments, the 5 and/or

37 junctional cleavage sequences are sSiRNA target sequences.

{60238} In some embodiments, the junctional cleavage sequences are guide RNA
{gRNA) target sequences. In such erabodiments, gRNAs can be designed and introduced with
a Cas endonuclease with RNase activity {e.g, Casl3) to mediate cleavage of the viral genome
transcript at the precise junctional site. In some embodiments, the 57 and/or 37 junctional

cleavage sequences are gRNA target sequences.

[08239] fo some emboditvents, the junctional cleavage sequences are pri-nuRNA-
encoding sequences. Upon transcription of the polvnucleotide encoding the viral genome {e.g.,
the recombinant RNA molecule), these sequences form the pri-miRNA siem-loop structure
which s then cleaved in the nucleus by Drosha to cleave the transcript at the precise junctional
site. fnsome eroboduments, the 5 and/or 37 junctional cleavage sequences are pri-oRNA target

sequences.

202401 In some embodiments, the junctional cleavage sequences are primer binding
sequences that facilitate cleavage by the endoribonuclease, RNAseH. In such embodiments, a
primer that anveals to the 5 and/or 3° junctional cleavage sequence 15 added to the in virro
reaction along with an RNAseH enzyme. RNAseH specifically hydrolyzes the phosphodiester
bonds of RNA which is hybridized to DNA, therefore enabling cleavage of the recombinant
RNA rephcon intermediates at the precise junctional cleavage sequence to produce the required

5" and 3’ native ends.

{00241} in some embodiments, the junctional cleavage sequences are restriction enzyme
recognition sites and result in the generation of discreie ends of viral transeripts during
linearization of the plasmid template ranoff RNA synthesis with T7 RNA Polvmerase. In some
embodiments, the junctional cleavage sequences are Type IS resiriction enzyme recognition
sites. Type HS restriction enzymes comprise a specific group of enzymes which recognize

asymmetric DNA sequences and cleave at a defined distance outside of their recognition
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sequence, usually within 1 to 20 nucleotides. Exemplary Typs HS restriction enzymes include
Acul, Alwl, Bael, Bbel, Bbvi, Beel, BeeAl Begl, BeiVl, BeoDd, BRuATL Bowl, Bpmld, BpoEl,
Bsal, BsaXi, BseRI, Bsgl, BsmAl BsmBi, BsmFL, Bamd, BspCNI, BspMI, BspQl, BsrDi,
Bsri, BtgZl BtsCl, Bstl, CaspCl, Earl, Ecil. Esp3i, Faul, Fokl, Hgal, Hphl, Hpv AV, Mboll,
Miyi, Mmel, MnlL, NmeAlll, Plel, Sapl, and S£aNL. The recognition sequences for these Type
IS restriction enzyroes are konown in the art. See the New England Biolabs website located at
neb.conviools-and-resources/selection-charts/ty pe-lis-restriction-enzy mes. in some

embodiments, the junctional cleavage sequence is a Sapl restriction enzyme recognition stie.

602421 In some embodiments, the junctional cleavage sequences are ribozyme-
encoding sequences and mediate selfvcleavage of the recombinant BNA replicons
intermediates to produce the native discrete 5” and 3~ ends of required for the final recombinant
RNA replicons and subsequent production of infectious RNA viruses. Exemplary ribozymes
include the Hammerhead ribosvme (e g, the Hammerhead ribozymes shown in FIGs, 28A-
288), the Varkud satellite (VS) ribozryme, the hatrpio ribozyroe, the GIR1 branching ribozyme,
the g/mS ribozyme, the twister ribozyme, the twister sister ribozyme, the pistol ribozyme {e.g .
Pistol 1 and Pistol 2 shown in FIGs, 294-298), the hatchet nborvme, and the Hepatitis delta
virus ribozvime. In some embodiments, the 53° and/or 37 junctional cleavage sequences are

ribozyme encoding sequences.

[30243] in some embodiments, the junctional cleavage sequences are seguences
encoding ligand-inducible self-cleaving ribozymes, referred to as “aptazymes”. Aptarymes are
riboryme sequences that contain an integrated aptamer domain specific for a hgand. Ligand
binding to the apatmer domain triggers activation of the enzymatic activity of the ribozyme,
thereby resulting in cleavage of the RNA transcript. Exemplary aptazymes include
theophylline-dependent aptazyises {e.g, hammethead ribozyme linked to a theophyiline-
dependent apatmer), tetracycline-dependent aptazymes {e.g., hanvoerhead ribozyme linked to
a Tet-dependent aptamer), guanine-dependent aptazymes {e.g.. hanunerhead ribozyvme linked
to a guanine-dependent aptamer). In some embodiments, the 57 and/or 37 junctional cleavage
sequences are aptazyroe-encoding sequences.

[30244] In some embodiments, the junctional cleavage sequences are target sequences
for an RNA1 molecule {e.g, an siRNA molecule, an shRNA molecule, an nuRNA molecule,
or an amiRNA molecule), a gRNA molecule, or an RNAseH primer. In such embodiments, the
junciional cleavage sequence 1s at least parfially complementary to the sequence of the RNA1

molecule, gBRNA molecule, or primer molecule. Methods of sequence alignment for
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comparison and determination of percent sequence identity and percent complementarity are
well known in the art. Optimal alignment of sequences for comparison can be condueted, e.g.,
by the homology alignment algonthin of Needleman and Wunsch, (1970} 1. Mol. Biol. 48:443,
by the search for similarity method of Pearson and Lipman, {1988) Proc. Nat'l. Acad. Sci. USA
852444, by computerized implementations of these algorithims (GAP, BESTFIT, FASTA and
TFASTA m the Wisconsin Genetics Software Package, Genetics Computer Group, 578
Science Dr., Madison, W1, by manual alignment and visual inspection {see, e.g., Brent ef ¢/,
{2003} Carrent Protocols in Molecular Biology}, by use of algorithms know in the art including
the BLAST and BLAST 2.0 algorithms, which are described in Altschul ef ol , (1977} Nuc.
Acids Res. 25:3389-3402; and Alischul ef af., (1990} J. Mol. Biol. 215:403-410, respectively.
Software for performing BLAST analvses is publicly available through the National Center for

Biotechnology Information.

[30245] In some embodiments, the 5 junctional cleavage sequence and 3 junctional
cleavage sequence are from the same group {e.g. are both RNAI target sequences, both
ribozyme-encoding sequences, etc.). For example, in some embodiments, the junctional
cleavage sequences are RNAI target sequences {(e.g., siRNA, shRNA, anmuRNA, or miRNA
target sequences) and are incorporated into the 3” and 37 ends of the polynucleotide encoding
the recombinant RNA replicon. In such embodiments, the 5° and 3° RNAI target sequence may
be the same {(J.e., targets for the same siRNA, amiRNA, or miRNA} or different (e, the §
sequence 1 a target for one siRNA, shmiBRNA, or miRNA and the 37 sequence is a target for
another siRNA, amiRNA, or nuRNA). In some embodiments, the junctional cleavage
sequences are guide RNA target sequences and are incorporated into the 57 and 3” ends of the
polvrnucleotide encoding the recombinant RNA replicon. In such embodiments, the 57 and 37
sRNA target sequences may be the same (i.¢., targets for the same gRNA) or different (f.e., the
5’ sequence is a target for one gRNA and the 37 sequence is a target for another gRNA). In
some embodiments, the junctional cleavage sequences are pri-mRNA-encoding sequences and
are imcorporated into the 57 and 37 ends of the polvnucleotide encoding the recombinant RNA
repheon. fn some embodiments, the juoctional cleavage sequences are ribozyrue-encoding
sequences and are incorporated immediately 57 and 37 of the polynucleotide sequence encoding

the recombinant RINA replicon.

{66246} In some embodiments, the 5 junctional cleavage sequence and 3 junctional
cleavage sequence are from the sarve group but are different variants or fypes. For example, in

some embodiments, the 57 and 37 junctional cleavage sequences may be target sequences for
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an RNAI molecule, wherein the 57 junctional cleavage sequence is an siRNA target sequence
and the 37 junctional cleavage sequence 15 a miRNA target sequence {or vis versa). In some
embodiments, the 57 and 37 junctional cleavage sequences may be tboryme-encoding
sequences, wherein the 3”7 junctional cleavage sequence is a hammerhead ribozyme-encoding
sequence and the 37 junctional cleavage sequence is a hepatitis delta virus ribozyme-encoding

Sequence.

(30247} In some embodiments, the S junctional cleavage sequence and 3° junctional
cleavage sequence are different types. For example. in some embodiments, the 5° junctional
cleavage sequence is an RNA1 target sequence {e.g., an siRNA, an amiRNA, or a muRNA target
sequence) and the 3 junctional cleavage sequence is a ribozyme seguence, an aptazyme
sequence, a pri-miRINA sequence, or a gRNA target sequence. In some embodiments, the 57
junctional cleavage sequence is a riboryme sequence and the 37 junctional cleavage sequence
ts an RNAI target sequence (e.g., an siRNA, an amiRNA, or a miRNA target sequence), an
aptazyroe sequence, a pri-tiRNA-encoding sequence, or a gRNA target sequence. In some
embodiments, the 5 junctional cleavage sequence is an aptaryme sequence and the 3
junciional cleavage sequence is an RNA target sequence {e.g., an siRNA, an amiRNA, or a
miRMA target sequence), a ribozyme sequence, a pri~oiRNA sequence, or a gRNA target
sequence. In some embodiments, the 37 junctional cleavage sequence is a pri-miRNA sequence
and the 37 junctional cleavage sequence is an RNAI target sequence {e.g, an siRNA, an
amiRNA, or a miRNA target sequence), a ribozyme sequence, an apiazyme sequence, or a
gRNA target sequence. In some embodiments, the 3 junctional cleavage sequence is a gRNA
target sequence and the 37 junctional cleavage sequence is an RNAI target sequence {e.g., an
siRNA, an amiRNA, or a miRNA farget sequence), a ribozyme sequence, a pri-miRNA

sequence, or an aplazyme sequence.

{86248} Exemplary arrangeroents of the junctional cleavage sequences relative {o the

polynucleotide encoding the recombinant RNA replicon are shown below in Tables 12 and 13.

Table 12; Symmetrical Junctional Cleavage Sequence (J5() Arvangements

5 JCS JCS ¥
siRNA TS replicon siRNA TS
miR TS replicon miR TS
AmiR TS replicon AmiRk TS
sRNA TS replicon gRNA TS
pri-miR replicon pri-miR
ribozyme rephicon ribozyme
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5 JCS JCS ¥
aptazyme replicon aptazyme
RNAgel primer TS replicon RNAseH primer TS
Table 13: Asymmetrical JCS Arrangements
5 JC8 JCS KX
siRNA TS rephicon miR TS
siRNA TS replicon AmiR TS
siRNA TS rephicon gRNA TS
siRNA TS rephicon pri-mill
SiRNA TS replicon ribozviae
siRNA TS replicon aptazyme
siRNA TS replicon RNAseH primer TS
siRNA TS replicon Restr Enz RS
iR TS rephicon siRNA TS
mik TS replicon AmiR TS
iR TS rephicon gRNA TS
mik TS replicon pri-miR
miR TS replicon ribozyme
mik TS replicon aptazyme
mik TS replicon RMNAscH primer TS
iR TS replicon Restr Enz RS
AmiR TS replicon siRNA TS
AmiR TS rephicon miR TS
AmiR TS replicon gRNATS
AmiR TS replicon pri-nik
AnuR TS replicon ribozyme
AmiR TS replicon aptazving
AmiR TS rephicon RNAgeH primer TS
AmiR TS replicon Restr Enz RS
gRNA TS rephcon siRNA TS
gRNA TS replicon miR TS
gRNA TS replicon AmiR TS
oRNA TS replicon pri-rail
gRNA TS replicon ribozyme
gRNA TS replicon aptazyme
gRNA TS replicon RNAseH prnimer TS
gRNA TS rephicon Restr Enz RS
pri-iniR replicon siRNA TS
pri-miR replicon miR TS
pri=miR rephicon AmiR TS
pri-miR replicon gRNA TS
pri-miik replicon ribozyme
pri-miR replicon aptazyme
pri-nuR replicon RNAseH primer TS
pri-miR rephicon Restr Enz RS
ribozyme replicon sitRNA TS
riboryme rephicon mik TS
ribozyme replicon AmiR TS
ribozye replicon gRNA TS
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5 JCS JCS ¥
ribozyme rephicon pri-mik
ribozyme replicon aptazyvme
ribozyrae replicon RMNAseH primer TS
ribozyme rephicon Restr Enz RS
aptazyme replicon siRNA TS
aptazyme rephicon miR TS
aptazyme replicon AmiR TS
aptazyme replicon gRNA TS
aptazyme replicon pri~mifk
aptazyme replicon ribozyiae
aplazyme replicon RNAseH primer TS
aptazyme replicon Restr Enz RS

RNAsgeH primer TS replicon siRNA TS

RNAseH primer T5 replicon mikR TS

RNAseH primer TS replicon AmiR TS

RNAseH pramer TS replicon gRNA TS

RNAs¢H primer TS replicon pri=miR

RNAseH primer TS rephicon ribozyme

RNAseH primer TS replicon aptazyme

RNAseH priser TS replicon Restr Enz RS

[30249] In some embodiments, the recombinant RNA replicons of the disclosure are

produced in vifro by In vitro RNA transcription {See schematic in FIG. 27). The recombinant
RNA replicons are then purified and formulated for therapeutic use {e.g, encapsulated into a
lipid nanoparticle}. In some embodiments, the DNA pelvnucleotide comprises, from $™ {0 37
(i} a promaoter sequence (e.g.. a T7 polymerase promoter); (i) a §7 riboryme sequence; (3i) a
polynucleotide encoding the recombinant RNA replicon; and (iv) a 3° ribozvme sequence. In
some embodiments, the DNA polvnucleotide comprises, from 57 to 37: (1) a promoter sequence
{e.g., a T7 polyroerase promoter); (iU a 5° Hanvverhead ribozyroe sequence (e.g., a wild type
HHR or a modified HHR such as that provided in FiGs, 28A-288); (11} a polvnucleotide

encoding the recombinant RNA replicon; and (iv) a 3" hepatitis delta virus ribozyme sequence.

{66250} In some embodiments, the DNA polynucleotide comprises, from 57 {037 (i} a
promooter sequence {e.g., a'T7 polvmerase promoter); (11 a 5° Hamunerhead ribozyme sequence
{e.g.. a wild tvpe HHR or a modified HHR such as that provided in FEGs. 28A-28B); (i) a
polynucleotide encoding a recombinant RNA replicon; and (iv} a 37 hepatitis delta virus
ribozyme sequence. Tn some embodiments, the DNA polynucleotide comprises, from 57 10 37
(i) a promoter sequence {e.g., a T7 polvmerase promoter); (i) a 3° Hammerhead ribosyme

sequence {(e.g., a wild type HHR or a modified HHR such as that provided in FIGs, 28A-288);
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(i1t} a polynucleotide encoding a recombinant RNA replicon; and (iv) a 3 hepatitis delta virus

ribozyme sequence.

160251 In some embodiments, the DNA polynucleotide comprises, from 5" 10 3™ () a
promoter sequence {e.g., a T7 polymerase promoter); (i) a 5° nbozvme sequence; (i) a

5
2

polynuclestide encoding the recombinant RNA replicon; and (v} a 3° restriction enzyme
recognition site. In some embodiments, the DNA polynucleotide comprises, from 5” to 37 (i)
a promoter sequence {e.g, a T7 polymerase promoier), (i} a 5° Hamomerhead riboryme
sequence {e.g., a wild type HHR or a modified HHR such as that provided in FIGs, 28A-288);
(i1} a polvoucieotide encoding the recombinant RNA replicon; and {iv) a 37 Sapl restriction

enzyme recogrnition sife.

002521 In some embodiments, the DNA polynucleotide comprises, from 57 10 3™ () a
promoter sequence {e.g., a T7 polymerase promoter); (i) a 5° Hammerhead riborvme sequence
{e.g., a wild tvpe HHR or a modified HHR such as that provided in FIGs. 28A-28B); (i) a
polynucleotide encoding recombinant RNA replicon; and (iv) a 37 Sapl restriction envyme

recoguition site.

{66283} In some embodiments, the DNA polynucleotide comprises, from 5" 0637 (i} a
promoter sequence {e.g., a T7 polymerase promoter); (i} a $7 Pistol ribozyme sequence {e.g.,
a Pistol 1 or a Pwstol 2 ribozyme sequence shown in FEGs, 29A-29B); (i1} a polyoucleotide
encoding the recombinant RN A replicon; and (iv) a 3™ Sap! restriction enzyvme recoguition site.
In some embodiments, the DNA polynuclectide comprises, from 5 to 3°: (i) a promoter
sequence {e.g., a T7 polymerase promoter), (i} a 57 Pistol 1 ribozyvme sequence; (1) a
polynucleotide encoding a recombinant RNA replicon; and (iv) a 3° Sapf restriction enzyme
recoguition site. In some embodiments, the DNA polvnuclestide comprises, from 5”10 37 (i)
a promoter sequence {e.g., a T7 polymerase promoter); (1) a 57 Pistol 2 ribozyme sequence;
(i1} a polvoucleotide encoding a wild type SVV genome; and (iv) a 3 Sapl restriction enzyme
recognition site. In some embodiments, the DNA polynucleotide comprises a nucleic acid
sequence that is at least 95%, 26%, 7%, 98%, or 99% identical to SEQ ID NO: 15, In some
embodiments, the DMNA polynucleotide comprises or consists of SEQ ID NG: 15.

[B0254] In some embodiments, the DNA polvnucleotide comprises, from 57 t0 3" (Y a
promoter sequence {e.g, a 17 polymerase promoter); (1) a 5° RINAseH primer binding site;
(111} a polynucleotide encoding the recombinant RNA replicon; and (iv) a 3 restriction enzyme

recognition site. In some embodiments, the DNA vector comprises a polvnucleotide
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comprising, from 5 {0 37 (1) a promoter sequence (e.g., a T7 polymerase promoter); {it) a 57
RMAseH primer binding sile; (i) a polynuclectide encoding recombinant RNA replicons; and

(iv) a 3’ Sap/ restriction enzyme recognition site.
Particles comprising recomsbinant RNA replicons

[30235] in some embodiments, the recombinant RNA replicons of the disclosure are
encapsilated in “particles.” As used herein, a particle refers to a non-tissue derived composition
of matter such as liposomes, lipoplexes, nanoparticles, nanocapsules, microparticles,
microspheres, lipid particles, exosorges, vesicles, and the like In some embodiments, the
particles are non-proteinaceous and non-immunogenic. In such embodiments, encapsulation of
the recombinant RNA replicons of the disclosure aliows for delivery of a viral genome withowt
the induction of a systemie, anti-viral immune response and mitigates the effects of newtralizing
anti-viral antibodies. Further, encapsulation of the recombinant RMNA replicons of the
disclosure shields the genomes from degradation and facilitates the introduction into target host
cells. In some embodiments, the particles are nanoparticles. In some embodiments, the particles

are lipid nanoparticles. In some embodiments, the particles are exosomes.

60256 The disclosure provides particles comprising a recombinant RNA replicon of
the disclosure. In some embodiments, the particle is a lipid nanoparticle. In some embodiments,
the particles further comprise a second recombinant RNA molecule encoding an oncolytic
virus. In some embodiments, the second recombinant RNA molecule encoding an oncolviic
virus comprises a RNA viral genome {(e.g., a RNA viral genome of an oncolytic virus). In some
embodiments, the oncolytic virus is a picornavirus. In some embodiments, the picomavirus is
selecied from a senscavirus, a cardiovirus, and an enferovirus. In some embodiments, the
picornavirus is a Seneca Valley Virus (SVV). To some embodiments, the picomavitus s a
Coxsackievirus. In some embodiments, the picornavirus is an encephalomvocarditis virus
(EMCV). In some embodiments, the RNA viral genome comprises intact VP, VP2, VP3 and
VP4 coding regions. In soroe embodiments, the RNA vital genome compuising jutact VP,
VP2, VP3 and VP4 coding regions belongs to the same viral species or the same viral genus as
the viral genome of the replicon. In some embodiments, the recombinant RNA replicon can be
trans-encapsidated by the capsid proteins expressed from the RNA viral genome comprising
wntact V¥ coding regions. In some emboduments, the recombinant RNA replicon can be trans-
encapsidated when the recombinant RNA replicon and the RNA viral genome are present in

the same cell {e.g., by delivering them into the cell via the particle).
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{60257} in some embodiments, the particle is biodegradable in a subject. In such
embodiments, multiple doses of the particles can be administered to a subject without an
accurnudation of particles in the subject. Examples of suitable particles include polystyrene
particles, polv{lactic-co-glveolic acid) PLGA particles, polypeptide-based cationic polymer
particles, cyclodextrin particles, chitosan particles, lipid based particles, poly(B-amino ester)
particles, low-molecular-weight polvethvlieramine particles, polvphosphoester particles,
disulfide cross-linked polymer particles. polyanudoamine particles, polvethvlienimine (PED)

particles, and PLURIONICS stabilized polvpropylene sulfide particles.

(66258} In some embodiments, the polynucieotides of the disclosure are encapsulated in
morganic particles. In some embodiments, the norganic particles are gold nanoparticles
(GNP), gold nanorods (GNR), magnetic nanoparticles (MNP}, magnetic nanctubes (MNT),
carbon nanchoms {CNH), carbon fullerenes, carbon nanotubes (CNT}, calcium phosphate
nanoparticles (CPNP), mesoporous silica nanoparticles (MSN), silica nanotubes (SNT), or a

starlike holow silica nanoparticles (SHNP).

[60259] in some embodiments, the particles of the disclosure are nanoscopic in size, in
order to enhance solubility, avoid possibie complications caused by aggregation iz vivo and to
facilitate pinocytosis. In some embodiments, the particle has an average diameter of about less
than about 1000 rnuv. {n some embodiments, the particle has an average diaroeter of less than
about 300 nm. In some embodiments, the particle has an average diameter of between about
30 and about 100 nm, betweean about S0 and abowt 100 nm, or between about 73 and about 100
nm. in some embodiments, the particle has an average diameter of between about 30 and about
75 nm or between about 30 and about 30 run. In some embodiments, the particle has an average
diameter between about 100 and about 500 nm. In some embodiments, the particle has an
average diameter between about 200 and 400 nm. In some embodimenis, the particle has an

average size of about 350 nm.

foxosomes

{30260 In some embodiments, the recombinant RNA replicons of the disclosure are
encapsulated in exosomes. Exosomes are small membrane vesicles of endocevtic origin that are
released into the extracellular environment following fusion of multivesicular bodies with the
plasma membrane of the parental cell {.g., the cell from which the exosome is released, also
referred to herein as a donor cell). The surface of an exosome comprises a lipid bilaver derived

frora the parental cell’s cell merbrane and can further comprise membrane proteins expressed
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on the parental cell surface. In some embodiments, exosomes may also contain cytosol from
the parental cell. Exosomes are produced by many different cell types including epithelial cells,
B and T lymphocytes, mast cells (MC), and dendritic cells (DC) and have been identified in
blood plasma. urine, bronchoalveolar lavage fluid, intestinal epithelial cells, and tumor tissues.
Because the composition of an exosome 1s dependent on the parental cell type from which they
are derived, there are no “exosome-specific” proteins. However, many exosomes comprise
proteins associated with the initraceliular vesicles from which the exosome originated in the
parental cells {e. g, proteins associated with and/or expressed by endosomes and lysosomes).
For example, exosomes can be enriched in antigen presentation molecules such as maor
histocorupatibility complex T and B (MHC-T and MHC-11), tetraspanivs {e.g., CD63), several
heat shock proteins, cvtoskeletal components such as actins and tubulins, proteins involved in
intracellular membrane fusion, cell-cell interactions {e.g. CD34), signal transduction proteins,

and cytosolic ensymes.

08261} Exosomes may wediate transfer of cellular proteins from one cell (e g, a
parental cells) to a target or recipient cell by fusion of the exosomal membrane with the plasma
membrane of the {arget cell. As such, modifying the matenial that is encapsulated by the
exosome provides a mechamsm by which exogenous agents, such as the polvnuclectides
described herein, may be introduced to a target cell. Exosomes that have been modified to
contain one or more exogenous agents {e.g., a polynucleotide described herein} are referred to
heretn as “modified exosomes™. In some embodiments, modified exosomes are produced by
wntroduction of the exogenous agent {e.g.. a polynucleotide described herein) are introduced
into a parental cell. In such embodiments, an exogenous nucleic acid is introduced into the
parental, exosome-producing cells such that the exogenous nucleic acid itself, or a transeript
of the exogeoous nucleic acid s incorporated o the modified exosomes produced frow the
parental cell. The exogenous nucleic acids can be introduced to the parental cell by means
known in the art, for example transduction, transfection, transformation, and/or microinjection

of the exogenous nucleic acids.

[80262] {n some embodiments, modified exosomes are produced by directly infroducing
recombinant RINA replicons of the discloswre into an exosome. In some embodiments,
recombinant RNA replicons of the disclosure is introduced into an intact exosome. “Intact
expsomes” refer (0 exosomes comprising proteins and/or genetic material derived from the

parental cell from which they are produced. Methods for obtaining intact exosomes are known
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in the art (See e.g., Alvarez-Erviti L. ef of., Nat Biotechnol. 2011 Apr; 29(4):34-5; Ohno 8§, ef
af., Mol Ther 2013 Jan; 21(1):185-91; and EP Patent Publication No. 2010663).

60263} In some embodiments, recombinant RNA replicons are miroduced mnio empty
exosomes. “Empty exosomes” refer to exosomes that lack proteins and/or genetic material
(e.g., DNA or RNA) derived from the parental cell. Methods to produce empty exosomes {e.g.,
tacking parental cell-derived genetic material) are known in the art inclading UV-exposure,
mutation/deletion of endogenous proteins that mediate loading of nucleic acids into exosomes,
as well as electroporation and chemical treatments o open pores in the exosomal membranes
such that endogenous genetlic material passes out of the exosome through the open pores. In
some embodiments, empty exosomes are produced by opening the exosomes by treatment with
an agqueous solution having a pH from about 9 to about 14 1o obtain exosomal membranes,
removing intravesicular components {e.g., intravesicular proteins and/or nucleic acids}, and
reassembling the exosomal membranes (o form empty exosomes. In some embodiments,
wmiravesicular componerds {e.g., indravesicular proteins and/or nucleic acids) are removed by
ultracentrifugation or density gradient ultracentrifugation. In some embodiments, the
membranes are reassembled by sonication, mechanical vibration, extrusion through porous
membranes, electric current, or combinations of one or more of these techniques. In particular

embodiments, the membranes are reassembled by sonication.

[30264] in some embodiments, loading of intact or emply exosomes with the
recombinant RNA replicons described herein to produce a modified exosome can be achieved
using conventional molecular biology techniques such as iz vitro transformation, transfection,
and/or microinjection. In some embodiments, the exogenous agents {e 2., the polynucleotides
described herein} are introduced directly into intact or empiy exosomes by electroporation. In
some embodiments, the exogenous agenis {(e.g., the polynucleotides described herein) are
mtroduced  divectly nto intact or empty exosoroes by lipofection {e.g., transfection).
Lipofection kits suitable for use in the production of exosome according to the present
disclosure are known in the art and are commercially available (e.g.. FuGENE® HD
Transfection Reagent from Roche, and LIPOFECTAMINE™ 2000 from Invitrogen). In some
embodiments, the exogenous agents {2 ., the polynuclectides described herein) are introduced
directly into intact or empty exosomes by transformation using heat shock. In such
embodiments, exosomes isolated from parental cells are chilled in the presence of divalent
cations such as Ca’** {in CaCl) in order to permeabilize the exosomal roembrane, The

exosomes can then be incubated with the exogenous nucleic acids and briefly heat shocked
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{e.g., incubated at 42° C for 30-120 seconds). In particular embodiments, loading of empty
exosomes with exogenous agents {e.g., the polvnucleotides described herein} can be achieved
by mixing or co~-incubation of the agents with the exosomal membranes after the rerooval of
intravesicular components. The modified exosomes reassembled from the exosomal
membranes will, therefore, incorporate the exogenous agents into the intravesicular space.
Additional methods for producing exosome encapsulated vucleic acids are known in the art
{(Sece.g. US PatentNos. 9,889,210; 9,629,929, and 9,085,774, International PCT Publication
Nos. W0 2317/161010 and WO 2018/039119).

[60265] Exosomes ¢an be obtained from numerous different parental cells, including
cell lines, bone-muarrow derived cells, and cells derived from pnmary patient samples.
Exosomes released from parental cells can be isolated from supematants of parental cell
cultures by means known in the art. For example, physical properties of exosomes can be
employed to separate them from a mediom or other source material, mncluding separation on
the basis of elecirical charge {e. g., electrophoretic separation), size {e.g, Oltration, molecular
sieving, etc.}, density (e g, regular or gradient cenirifugation} and Svedberg constant {e.g.,
sedimentation with or withowt external force, ete). Altematively, or additionally, isolation can
be based on one or more biological properties, and include methods that can employ surface
markers {e.g., for precipitation, reversible binding to solid phase, FACS separation, specific
ligand binding, non-specific ligand binding, ete.}. Analysis of exosomal surface proteins can
be determined by flow cytomeilry using fluorescently labeled antibodies for exosome-
associated proteins such as CD63. Additional markers for characterizing exosomes are
described in International PCT Publication No. W 2017/161010. In yet further contemplated
methods, the exosomes can also be fused using chemical and/or physical methods, including

PEG-induced fusion and/or ulirasome fusion.

[86266] In some embodiments, size exclusion chromatography can be utilized to 1solate
the exosomes. In some embodiments, the exosomes can be further isolated after
chromatographic separation by centrifugation techniques {of one or more chromatography
fractions), as is generally known in the art. In some embodiments, the isolation of exosomes
can involve combinations of methods that include, but are not linuted to, differential
cenirifugation as previously described {See Raposo, G. ef al., I Exp. Med. 183, 1161-1172
(1996, uitracentrifugation, size-based membrane filtration, concentration, and/or rate zonal

centrifugation.
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{60267} in some embodiments, the exosomal membrane comprises one or more of
phospholipids, glvcolipids, fatty acids, sphingoliptds, phosphoglycerides, sterols, cholesterols,
and phosphatidviserine. In addition, the membrane can comprise one or more polypeptides and
one or more polysaccharides, such as glycans. Exemplary exosomal membrane compositions
and methods for modifying the relative amount of one or more membrane component are

described it International PCT Publication No. WO 2018/039119.

[30268] {n some embodiments, the particles are exosomes and have a diameter between
about 30 and about 100 nm, between about 30 and about 200 nm, or between about 30 and
about 500 nm. In some embodiments, the particles are exosomes and have a diameter between
about 10 nm and about 100 nro, between about 20 nm and about 100 nam, between about 30 nm
and about 100 nm, between about 40 nm and about 100 nm, between about 50 nm and about
100 nm, between about 60 nm and about 100 nm, between about 70 nm and about 100 nm,
between about 80 nm and about 100 nm, between aboui 90 nm and about 100 nm, between
about 100 nm and about 200 nm, between about 100 nim and about 1350 nm, between about 150
nm and about 200 nm, between about 100 nm and abowt 250 nm, between about 250 nm and
about 500 nim, or between about 10 nm and about 1000 nm. Tn some embodiments, the particles
are exosomes and have a diameter between about 20 nm and 300 nm, between about 40 nm
and 200 nm, between about 20 nm and 250 nm, between about 30 nm and 150 nm, or between

about 30 nm and 100 nm.

ipid Namoparticles

303269} In some embodiments, the recombinant RNA replicons described herein are
encapsulated in a lipid nanoparticle (LNFP). In certain embodiments, the LNP comyprises one or
maore lipids such as such as triglycerides {e. g tristearin}, diglycerides {e.g glvcerol bahenate),
monoglycerides {e.g glycerol monostearate), fatty acids {e.g stearic acid), steroids {e.g.
cholesterol}, and waxes (e.g cetyl palmitate). In some embodiments, the LNP comprises one
or more cationic lipids and one or more helper lipids. In some embodiments, the LNP comprises

one or more cationic lipids, a cholesterol, and one or more neutral lipids

30270} Cationic hipids refer to any of a number of lipid species that carry a net positive
charge at a selected pH, such as physiological pH. Such lipids include, but are not Himuted to
1,2-DiLinolevioxy-N N-dimethvlaminopropane  {DLinDMA),  1,2-Dilinolenyioxy-NN-
dimethvlaminopropane  {(DLenDMA),  dioctadecyidimethvlammonium  (DODMA},

distearvidiroethylaromonium (DSDMA), N N-dioleyl-N, N-dunethylaromonium  chloride
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{DODAC) N-(2,3-dioleyloxy jpropyi-N, N N-trimethviammonium chloride (BOTMAY, N N-
distearvi-N N-dimethylammonium  bromude (DDAB), N-(2,3-dioleovioxy)propyD-NN.N-
trimethylanunonium chionde (DOTAP), 3-(IN—(N' N'~dimethviaminoethane)-
carbamovljcholesterol  (DC-Chol}, and N-{1,2-dimyristyloxyprop-3-vi-N N-dimethyi-N-
hydroxyethyl ammonium bromide (DMRIE). For example, cationic lipids that have a positive
charge at below physiological pH include, but are not lirotted to, DODAP, DODMA, and
DMDMA. In some embodiments, the cationic lipids comprise Cig alkyl chains, ether linkages
between the head group and alkyl chains, and 0 to 3 double bonds. Such lipids include, e.g.,
DSDMA, DLinDMA, DLenDMA, and DODMA. The cationic lipids may comprise ether
hinkages and pH titratable head groups. Such lipids include, e.g, DODMA,

"8
{60271} in some embodiments, the cationic lipids comprise a protonatable tertiary amine
head group. Such lipids are referred to herein as tonizable lipids. Tonizable lipids refer to lipid
species comprising an ionizable amine head group and typically comprising a pKa of less than
about 7. Therclore, n environments with an acidic pH, the ionizable anune head group is
protonated such that the iomizable lipid preferentially interacts with negatively charged
molecules (e.g., nucleic acids such as the recombinant polvnucleotides described herein) thus
facilitating navoparticle assembly and encapsulation. Therefore, in some embodiments,
tonizable lipids can increase the loading of nucleic acids mnte lipid nanoparticles. In
environments where the pH is greater than about 7 {¢.g., physislogic pH of = 7.4}, the ionizable
lipid comprises a neutral charge. When particles comprising ionzable lipids are taken up into
the low pH environment of an endosome {e.g., pH < 7}, the ionizable lipid 1s agan protonated
and associates with the amonic endosomal membranes, promoting release of the contents
encapsulated by the particle. In some embodiments, the LNP comprises an ionizable hipid, e g |
a 7.58-~cleavable and pH-responsive Lipid Like Material (such as the COATSOMER §8-
Series).

{6272 In some embodiments, the cationic lipid is an ionizable lipid selected from
DLinDMA, DLn-KC2-DMA, DLin-MC3-DMA (M(3), COATSOME® SS-LC (former
name: SS-18/4PE-~13), COATSOME® SS-EC (former name: 8S-33/4PE-15), COATSOME®
§8-0C, COATSOME® S8-0P, Di{(Z)ynon-2-en-1-vhio-({4-dimethvlamino}butanoyijoxy)
heptadecanedicate  {L-319), or N-(2,3-dioleovioxyypropvi)-NN N-trimethylammonium
chioride (DOTAP). In some embodiments, the cationic iomzable lipid is DLin-MC3-DMA
(MC3}. In soroe embodiments, the cationic ionizable lipid 1s COATSOME® SS-LC. In some

embodimends, the cationic ionizable lipid is COATSOME® 88-EC. In some embodiments, the
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cationic ionizable lipid is COATSOME® 58-0C. In some embodiments, the cationic ionizable
lipid is COATSOME® S5S-0P. In some ernbodiments, the cationic ionizable lipid 1s L-319. In

some embodiments, the cationic iomzable lipid 1s DOTAP.

{02731 In some embodiments, the LINPs comprise one or more non-cationic helper
tipids {neutral lipids} Exemplary newtral helper lipds include (1,2-dilauroyi-sn-glycero-3-
phosphoethanolamine) (DLPE), 1, 2-diphytanoyl-sn-glycero-3-phosphoethanolamine (DiPPE),
1.2-distearoyl-sn-glveero-3-phosphochohine (DSPC), 1,2-dipalmitovl-sn-glveero-3-
phosphocholine  (DPPC), 1.2-dioleyl-sn-glvcero-3-phosphoethanclanine (DOPE), 1.2-
dipalmitoyl-sn-glvcero-3-phosphogthanolaming  (DPPE), 1, 2-dimyustoyl-sn-glycero-3-
phosphoethanolamine  (DMPE),  (1,2-dioleovi-sn-glyeerc-3-  phospho-~{1"-rac-glycerol)
(BOPG), 1.2-dioleoyl-sn-glyveero-3-phosphocholine (DOPC), 1,2-distearoyl-sn-glveero-3-
phosphoethanolamineg (DSPE), ceramudes, sphingomyeling, and cholesterol. In some
embodiments, the one or more helper lipids are selected from 1,2-distearovi-sn-glveero-3-
phosphocholine (DSPC); 1,2-ddaurovi-sn-giveero-3-phosphoethanolamune  (DLPE); 1.2-
dicleovi-sn-glycero-3-phosphocholine (DOPCY, 1.2-dicleoyl-sn-glvcero-3-
phosphoethanolamine (DOPE); and cholestercl. In some embodiments, the LINPs comprise
DSPC. In some embodiments, the LNPs comprise DOPC. In some embodiments, the LNPs

comprise DLPE. In some embodiments, the LNPs comprise DOPE.

1066274] The use and inclusion of polyvethyiene glycol (PEG)-modified phospholipids
and derivatized lipids such as derivatized ceramides {(PEG-CER), including N-octanoyl-
sphingosine-t~-[succinyl{methoxy polyethylene glycol)-2000] (C8 PEG-2000 ceramide) in the
liposomal and pharmaceutical compositions described herein is also contemplated, preferably

in combination with one or more of the compounds and lipids disclosed herein,

{66275} In some embodiments, the lipid nanoparticles may further comprise one or more
of PEG-modified lipids that comprise a polyv{ethvlenejglyeol chain of up to 5kDa v length
covalently attached to a hipid comprising one or more C6-C20 alkvls. In some embodimenis,
the LNPs further comprise 1,2-Distearoyl-sn-glycero-3-phosphoethanclamine-Poly({ethylene
glycol) (DSPE-PEG), or 1,2-distearoyl-sn~-glycero-3-phosphoethanolamine-N-
[amuno{polvethyiene glveol)] (DSPE-PEG-amine). In some embodiments, the LNPs further
comprise a PEG-modified Hpid  selected from  1.2-distearoyl-sn-glvcero-3-
phosphoethanolamine-N-{amino{polyethyleneglycol}-5000] (DSPE-PEGSK}), .2~
dipahmitoyl-rac~-glycerol methoxyvpolyvethvlene glycol-2000 (DPG-PEGIK); L2-distearovl-

rac-glvcero-3-methylpolyoxyethylene-5000  (DSG-PEGSK),  1,2-distearoyl-rac-glycero-3-
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methvipolyoxyethylene-2000 (DBSG-PEG2K); 1,2-dimyristoyl-rac-glycero-3-
methyipolyoxvethylene-5000 {(DMG-PEGSK), and 1,2-dimynistoyl-rac-glycero-3-
methylipolyoxvethylene-2000 (DMG-PEG2K). In some embodiments, the LNPs {urther
comprise DSPE-PEGSK. In some embodiments, the LNPs further comprise DPG-PEGZK. In
some embodiments, the LNPs further comprise DSG-PEG2K. In some embodiments, the LNPs
further coroprise DMG-PEGZK. In somse embodiments, the LNPs further comprise DSG-
PEGSK. In some embodiments, the LNPs further comprise DMG-PEGSK. In some
embodiments, the PEG-modified lipid comprises about 0.1% to about 1% of the total lipid
content in a lipid nanoparticle. In some embodiments, the PEG-modified Hipid comprises about
0.1%, about 0.2% about 0.3%. about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%,
about 0.9%, about 1.0 %, about 1.5%, about 2.0%, about 2.5%. or about 3.0% of the total lipid

content in the lipid nanoparticle.

{30276} In some embodiments, the lipid is modified with a cleavable PEG lipid
Examples of PEG derivatives with cleavable bonds include those modified with peptide bonds
{(Kulkarni et al. (2014). Mmp-9 responsive PEG cleavable nanovesicles for efficient delivery
of chemotherapeutics to pancreatic cancer. Mol Pharmaceutics 11:2390-9; Lin et al
(2015). Drug/dve-loaded. multifunctional peg-chitosan-iron oxide nanocomposites  for
methotraxate svnergistically self-targeted cancer therapy and dual model imaging. ACS Appl
Mater Interfaces 7:11908-20.}, disulfide keys (Yan et al (2014). A method fo accelerate the
gelation of disulfide-crosshinked hvdrogels. Chin J Polym Sa 33:118-27, Wu&
Yan {2015). Copper nanopowder cataly zed cross-coupling of diarvl disulfides with arvliodides
in PEG-400. Svynlett 26:537-42), vinyl ether bonds, hvdrazone bonds (Kelly etal
{2016). Polymeric prodrug combination to exploit the therapeutic potential of antimicrobial
peptides against cancer cells. Org Biomol Chem 14:9278-86.), and ester bonds (Xu et al.
(2008). Esterase-catalyzed dePEGylation of pH-sensitive vesicles modified with cleavable
PEG-lipid derivatives. J Control Release 13(:238-45). See also, Fang et al., {2017} Cleaveable
PEGylation: a strategy for overcoming the “PEG dilemma™ in efficient drug delivery. Drug

Delivery 24:2, 22-32.

60277} in some embodiments, the PEG lipid i1s an activated PEG hipid. Exemplary
activated PEG lipids include PEG-NH2, PEG-MAL, PEG-NHS, and PEG-ALD. Such
functionalized PEG lipids are uwseful in the comugation of targeting moieties to lipid
nanoparticles to divect the particles to a particular target cell or tissue (e.g., by the attachment

of antigen-binding molecules, peptides, glycans, etc.).
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{60278} in some embodiments, the LNP comprises a cationic lipid and one or more
helper lipids, wherein the cationic Hpid is DOTAP. In some embodiments, the LNP comprises
a cationic Hipid and one or more helper lipids, wherein the cationic lipid 1s DLin-MC3-DMA
(MC3}. In some embodiments, the LNP comprises a cationic lipid and one or more helper
lipids, wherein the cationic lipid 1s COATSOME® SS-EC. In some embodiments, the LNP
comprises a calionic lpid and one or more helper lipids, wherein the catiomc hipid 1s
COATSOME®R S5-LC. In some embodiments, the LNP comprises a cationic lipid and one or
more helper lipids, wherein the cationic lipid is COATSOME® 58-0C. In some embodiments,
the LNP comprises a cationic lipid and one or more helper lipids, wherein the cationic hipid is
COATSOME® $8-0P. In some embodiments, the LNP comprises a cationic Hipid and one or

more helper lipids, wherein the cationice lipid is L-319.

1602791 In some embodiments, the LNP comprises a cationic lipid and one or more
helper lipids, wherein the one or more helper lipids comprises cholesterol. In some
embodiments, the LNP coraprises a cationic lipid and one or more helper ipds, wherein the
one or more helper lipids comprises DLPE. In some embodiments, the LNP comprises a
cationic lipid and one or more helper lipids, wherein the oue or more helper lipids comprises
DSPC. In some embodiments, the LNF comprises a cationic lipid and one or more helper lipids,
wherein the one or more helper hipids comprises DOPE. In some embodiments, the LNP
comprises a cationic lipid and one or more helper lipids, wherein the one or more helper lipids

comprises DOPC.

[B0280] In some embodiments, the LNP comprises a cationic hipid and at least two
helper lipids, wherein the cationic lipid is DOTAP, and the at least two helper lipids comprise
cholesterol and DLPE. In some embodiments, the LNP comprises a cationic lipid and at least
two helper lipids, wherein the cationic lipid is MC3, and the at least two helper lipids comprise
cholesterol and DSPC. In some embodiments, the at least two helper lipids comprise
cholesterol and DOPE. In some embodiments, the at least two helper lipids comprise
cholesterol and DSPC. In some embodiments, the LINF comprises a cationic lipid and at least
three helper lipids, wheremn the catioruc hipid 1s DOTAP, and the at least three helper lipids
comprise cholesterol. DLPE, and DSPE. In some embodiments, the LNP comprises a cationic
lipid and at least three helper lipids, wherain the cationic lipid is MC3, and the at least three
helper lipids comprise cholesterol, DSPC, and DMG. In some embodiments, the at least three
helper lipids compnise cholesterol, DOPE, and DSPE. In some ernbodiruents, the at least three

helper lipids comprise cholesterol, DSPC, and DMG. In some embodiments, the LNP
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comprises DOTAP, cholestersl, and DLPE. In some embodiments, the LNP comprises MC3,
cholesterol, and DSPC. In some embodiments, the LNP comprises DOTAP, cholesterol, and
DOPE In some embodiments, the LNP comprises DOTAP, cholesterol, DLPE, and DSPE. In
some embodiments, the LNP comprises MC3, cholesterol, DSPC, and DMG. In some
embodiments, the LNP comprises DOTAP, cholesterol, DLPE, and DSPE-PEG. In some
embodiments, the LNP comprises MC3, cholesterol, DSPC, and DMG-PEG. In some
embodiments, the LNP comprises DOTAP, cholesterol, DOPE, and DSPE. In some
embodiments, the LNP comprises DOTAP, cholesterol, DOPE, and DSPE-PEG. In some
embodiments, the LNP comprises $8-0C, DSFC, cholesterol, and DPG-PEG (e.g., DPG-
PEGZK).

{60281} in some embodiments, the LINP comprises DOTAP, cholesterol {Chol), and
DLPE, wherein the ratio of DOTAP:Chol:DLPE (as a percentage of total lipid content) is about
S5(:35:15. Tn some embodiments, the LNP comprises DOTAP, cholesterol {Chol), and DLPE,
wherein the ratio of DOTAP:Chol:DOPE (as a percentage of total hipid content) is about
50:35:15. In some embodiments, the LNP comprises DOTAP, cholesterol (Chol}, DLPE,
DSPE-PEG, wherein the ratio of DOTP:Chol: BLPE (as a percentage of toial lipid content) is
about 50:35:15 and wherein the particle comprises about 0.2% DSPE-PEG. In some
embodiments, the LNP comprises MC3, cholesterol (Chol), DSPC, and DMG-PEG, wherein
the ratio of MU3:Chol:DSPC.DMG-PEG (as a percentage of total lipid content) is about
49:38.5:11:1.8,

[30282] In some embodiments, the LNP compnises SS8-0C, DSPC, cholesterol {Chol),
and DPG-PEG2K), wherein the ratio of 88-OC:DSPC:Chol: DPG-PEG2ZK {(as a percentage of
total lipid content) is about A:B.C:D, wherein A = 40% - 60%, B = 10% - 25%, C = 20% -
30%, and B = 0% - 3% and wherein A+B+C+D = 100%. In some embodiments, the LNP
comprises SS-0C, DSPC, cholesterol (Chol), and DPG-PEG2K, wherein the ratio of $8-
OCDSPC:Chol: DPG-PEGZK (as a percentage of total lipid content) 15 about A:B:.C:D,
wherein A = 45% - 30%, B = 20% - 25%, = 25% - 30%, and D = 0% - 1% and wherein
A+B+HCHD = 100%. fn some embodiments, the LNP comprises SS-0OC, DSPC, cholesterol]
{Chol), and DPG-PEG2K, wherein the ratio of SS-0C.DSPC.Chol DPG-PEGZK {(as a

percentage of total lipid content} is about 49:22:28.5:0.5.

[66283] In some embodiments, the LNP comprises S5-0C, DSPC, cholesterol {(Chol),
and DPG-PEG2K, wherein the ratio of S8-0C:DSPC:Chol. DPG-PEGZK (as a percentage of
total lipid content} is about A:B:C:D, wherein A = 40% - 60%, B = 10% - 30%, C = 20% -
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45%, and D = 0% - 3% and wherein A+B+{C+D = 100%. In some embodiments, the LNP
comprises $8-0C, DSPC, cholesterol (Chol), and DPG-PEG2K, wherein the ratio of 88-
OC:DSPC:.Chol: DPG-PEG2K (as a percentage of total lipid content) 15 about AB.CD,
wherein A = 40% - 60%, B = 10% - 30%, C = 25% - 45%, and D = 0% -~ 3% and wherein
A+B+I+D = 100%. In some embodiments, the LNP comprises §8-0OC, DSPC, cholesterol
{Chol), and DPG-PEGIK, wherein the ratio of S8-0C DSPC.Chol:DPG-PEGZK (as a
percentage of total lipid content) 1s about A:B:C:D, wherein A = 45% -~ 55%. B = 10% - 20%,
C = 30% - 40%, and D = 1% - 2% and wherein A+B+{+D = 100%. In some embodiments, the
LNP comprises SS-0C, DSPC, cholesterol {Chol), and DPG-PEGZK, wherein the ratio of 85~
OC:DSPC.Chol:DPG-PEG2K (a5 a percentage of total lipid cowtent) 15 about AB.CD,
wherein A = 45% - 30%, B = 10% - 15%, C = 35% - 40%, and D = 19% - 2% and wherein
A+B+CHD = 100%. In some embodiments, the LINP comprises SS-0OC, DSPL, cholesterol
{Chol), and DPG-PEGZK, wherein the ratio of SS-OC DSPC.CholDPG-PEGZK (as &
percentage of total lipid content) 1s 49:11:38.5:1.5.

{60234} in some embodiments, the LNP comprises S8-0C, DSPC, cholestercl {(Chol},
and DPG-PEGZK, wherein the ratio of SS-OC:DSPC . Chol: DPG-PEG2K (as a percentage of
total hipid content) is about A:B:C:D, wherein A =45% - 65%, B = 5% - 20%, € =20% - 45%,
and D = 0% - 3% and wherein A+B-+C+D = 100%. In some embodiments, the LNP comprises
S$8-0C, DSPC, cholesterol (Chol), and DPG-PEG2ZK, wherein the ratio of S§8-
OC.DSPC:Chol DPG-PEG2ZK. (as a percentage of total lipid conient) is aboul AB.(CD,
wherein A = 50% - 60%, B = 3% ~ 15%, € = 30% - 45%, and D = 0% - 3% and wherein
A+B+C+D = 100%. In some embodiments, the LNP comprises SS-0C, DSPC, cholesterol
{Chol), and DPG-PEGZK, wherein the ratio of §S-0C.DSPC.Chol:DPG-PEGZK (as &
percentage of total lipid content) is about A:B:C:D, wherein & = 55% - 60%, B = 5% - 15%,
C =30% - 40%, and D = 1% - 2% and wherein A+B+C+D = 100%. In some embodiments, the
LNP comprises $8-0C, DSPC, cholesterol (Chol), and DPG-PEGZK, wherein the ratio of $8-
OC.DSPC.Chol DPG-PEGZK. (as a percentage of total lipid conient} is about AB.CD,
wherein A = 35% - 60%, B = 5% - 10%, € = 30% - 35%, and D = 1% -~ 2% and wherein
A+B+C+D = 100%. In some embodiments, the LNP comprises 8S-0C, DSPC, cholesterol
{Chol), and DPG-PEGZK, wherein the ratio of SS-OC.DSPC.CholBDPG-PEGZK (as a

percentage of total hipid content) 15 58:7:33.5:1.5.

[60285] In some embodiments, the nanoparticle 1s coated with a glycosaminoglycan

(GAG) inn order to modulate or facilitate uptake of the nanoparticle by target cells. The GAG
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may be heparin‘heparin sulfate, chondroitin sulfate/dermatan sulfate, keratin sulfate, or
hyaluronic acid (HA). In a particalar ersbodiment, the surface of the nanoparticle is coated
with HA and targets the particles for uptake by turnor cells. In some embodiments, the lipid
nanoparticle 15 coated with an argmnine-glycine-aspartate tri-peptide (RGD peptides) {(See
Ruosiahti, Advanced Materials, 24, 2012, 3747-3756; and Bellis ef o/, Biomaterials, 32(18&),
2011, 4205-4210),

[30286] In some ermnbodiments, the LNPs have an average size of about 50 nm to about
500 nm. For example, in some embodiments, the LNPs have an average size of about 50 nm to
about 200 nm, about 100 nm to about 200 nm, about 156 nm o about 200 nm, about 50 nm to
about 130 nm, about 100 nm to about 150 nm, about 150 nm {0 about 500 nm, about 200 nm
to about 500 nm, about 300 nm to about 500 nm, about 350 nm to about 500 nim, about 400 nm
to about 500 nm, about 423 nm to about 500 nm, about 450 nm to about 500 nm, or about 475
nm to about 500 nm. In some embodiments, the plurality of LNPs have an average size of about
50 yuwn o about 120 no. In soroe embodiments, the plurality of LNPs have an average size of
about 50 nm, 60 nm, 70 nm, &80 nm, 90 nm, 100 nmm, 110 nm, or about 120 nm. In some

embodiments, the plurality of LNPs have an average size of about 100 nm.

{66287} In some embodiments, the LNPs have a neutral charge (e.g., an average zeta-
potential of between about 0 raV and 1 mV). In some embodiments, the LNPs have an average
zeta-potential of between about 40 mV and about -40 mV. In some embodiments, the LNPs
have an average zeta-potential of between about 40 mV and about ¢ mV. In some embodiments,
the LINPs have an average zeta-potential of between about 35 mV and about 0 mV, about 30
mY and about 0 mV, about 25 mV to about 0 mV, about 20 mV to about 0 mV, about 13 mV
to about & mV, about 10 mV to about 0 mVY, or about 5 mV tfo about ¢ mV. In some
embodiments, the LNPs have an average zeta~-potential of between about 20 mV and about -40
mV. In some embodiments, the LNPs have an average zeta-potential of between about 20 mV
and about -20 mV. In some embodiments, the LNPs have an average zeta-potential of between
about 10 mV and about -20 mV. In some embodiments, the LNPs have an average zsta-
potential of between about 10 mV and about -10 mV. In some embodiments, the LNPs have
an average zeta-potential of about 10 mV, about 9 mV, about € mV, about 7 mV, about 6 mV,
about S mV, about 4 mV, about 3 mV, about 2 mV, about 1 mV, about 0 mV, about -1 mV,
about -2 mV, about -3 mV, about -4 mV, about -5 mV, about -6 mV, about -7 mV, about -8

mVY, about -9 mV, about -9 mV or gbout -10 mV.
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{60238} in some embodiments, the LNPs have an average zeta-potential of between
about 0 mV and -20 mV. In some embodirsents, the LNPs have an average zeta~-potential of
less than about ~20 V. For exarople in soroe embodiments, the LNPs have an average zeta-
potential of less than abouwt less than about -30 mV, less than about 35 mV, or less than about
-40 mV. In some embodiments, the LNPs have an average zeta-potential of between about -50
mY 1o about — 20 mV, about 40 mV to about -20 mV, or about 30 mV to about -20 mV. In
some embodiments, the LNPs have an average zeta-potential of about 0 mV, about -1 mV,
about -2 mV, about -3 mV, about -4 mV, aboui -5 mV, about -6 mV, aboui -7 mV, about -8
mV, about -9 mV, about -10 mV, about ~-11 mV, about -12 mV, about -13 mV, about -14 mV,
about ~15 mV, about ~-16 mV, about ~-17 mV, about -18 mV, about -19 mV, aboui -20 mV,
about -21 mV, about -22 mV, about -23 mV, about -24 mY, aboui -25 mV, about -26 mV,
about -27 mV, about -28 mV, about -29 mV, about -30 mV, about -31 mV, about -32 mV,
about -33 mV, about -34 mV, about -35 mV, about -36 mV, about -37 mV, about -38 mV,

about -39 mV, or about 40 mV.

{60239} in some embodiments, the lipid nanoparticles comprise a recombinant nucleic
acid molecule described herein and comprise a ratio of lipid (L) to nucleic acid (N} of about
3:1 {L:N). In some embodiments, the lipid nanoparticles comprise a recombinant nucleic acid
molecule described herein and comprise an L:N ratio about 4:1, about 5:1, about 6:1, about
7.1, about 8:1, about 911, or about 10:1. In some embodiments, the lipid nanoparticles comprise
a recombinant nucleic actd molecule described herein and comprise a ratio of lipid (L) to
nucleic acid (N} of about 7:1. In some embodiments, the hipid nanoparticles comprnise a
recormbinant nucleic acid molecule described herein and comprise an L:N ratio about 4.5:1,
about 4.6:1, about 4.7:1, about 4.8:1, abowt 4.9:1, about 5:1, about 53.1:1, about 5.2:1, abowt
5.3:1, about 5.4:1, or about 5.5:1. In some embodiments, the lipid nanoparticles comprise a
recombinant nucleic acid molecule described herein and comprise an L:N ratio about 6.5:1,

661, 671,681,691, 7L 701,721,731, 741 and 7.5:1.

60299} In some embodiments, the LNP comprises a liptd formulation selected from one

of the formulations histed in Table 14.
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Table 14, Exemplary Replicon Containing Lipid Nanoparticles

Formulation Bufer ignfize}bie (Thﬁ?esteroi aH}E?}’)i’,i" }‘%E(:;ymte(i N:P

D fipid (%) (%) Hipid (%) lipid (%) :
s |rmonss| 3 | G | ore ez
70009-1.C | PB, pH 5.8 3{52} Cgﬁ";‘i‘?i ES;S DS%;%C"K 7
mosac sy 4T | O | e | e
70009-3.C | PB.pH 5.8 f;“o’ C?ficéf%‘ﬂ ?ﬁfﬁ m%;ﬁ?\h 7
waric | mnss| 15 | Ot | B oo
70032-2.C | PB, pH 5.8 (if;f’) L?*“’;‘ji;‘)ci SS;;; D‘\qgfg(igj‘ZK 7
s |mnss| S, | Ot | B [P
woee |monss| 45 | | R [PoE

DOTAP Cholesternl DLPE DSPE-PEGSK. .

70032-5.C 1 PB, pH 74 | " 500/ (34.8%) (15%) (0.2%) 533
e [mpusa| el | Ot | BT (BTG |
70041-2.C [MB, pH3.0 :‘l&j} (?ffgtf‘fﬂ 22’%5 m%f}g’% 7
70041-3.C | MB, pH 3.0 fi}{;s C?;%egfffi zfi’c Dgiﬁfi?% 7
e vm puaa] S50C | it | e [owere |
70046-4.C | MB, pH3.0 i’;’ﬁ}“: (?gé";igﬁi ?35)( Dg‘iﬁf;‘ih 9
70046-5.C | MB. pH 3.0 ?;};fs C?fé"é},z};‘ﬁ D{(?Ois DSG(‘%)GSK 9
70046-6.C | MB, pH 3.0 E;f;}gf Ci‘;i‘iﬁif’;d D((?(if DSG(“?,I;%)GSK 9
70053-1.C | PB pH 5.8 (ig;?) L:“f{i‘ii;;g} ES;;E) mp(g;i?ﬂ\ 7
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Formulation Buffer fonizable | Cholesterod Helper PEGylated NP
o i tipid (%) (%) pid (%) | Bpid (%) |
- 55-LC Cholesterol DBSPEC DSPE-PEGSK
70053-2.C 3 ) »
70053-2.C IMB. pH3.0| 400/ (39 8%) (11%) (0.2%) 7
. , SS-EC Cholesterod DSPC DSPE-PEGSK
70059-1.C pH 3 , -
0059-1.C IMB, pHI0 oors | 3o8% | (11%) (0.2%) 7
NSO <1 S5-EC Cholesterol DSPC DSPE-PEGSK
IRER / 0 , , . 7
70039-2.C IMB.pH 3|00/ (39.5%) (11%) (0.5%)
. I S8-EC Cholesterol DSPC DSPE-PEG3K
TGO59- ) . 7
W039-3C IMB.pH3IO| g0/ (39.0%) (11%) (1.0%)

A $5-LC Cholesterol BSpC DMG-PEG2K
T00635-2.C 3.0 e
70063-2.C IMB.pHI.O0 g0y (39.5%) (11%) (0.5%) 7

s oy , SS-LC Cholesterol DSPC DMG-PEG2K

5. 3 pH 3
70063-3.C IMB, pH 30100 (39.0%) (11%) (1.0%) 7
70065-4.C |MB, pH 3.0 SS-LC Cholesterol DSPC DMG-PEGZK |,

(49%) (38.5%) (11%) (1.3%)

35-LC Cholesterol DSEC DBMG-PEGSK

70065-5 B, pH 3.0 7
70063-5.C | MB.pH 3D hg0/) (39.5%) (11%) (0.5%)
< - . SS-LC Cholesterol DSPC DMG-PEGSK
7 b aH 3
70063-6.C IMB,pH3O0!  cionrs | (30.0% (1% (1.0%) 7
N . MC3 | Cholesterol | DSPC | DSPE-PEGSK
Y370 ¢ 3 -
O070-LC PR pHIB L ooy | osw%y | (11%) (0.2%) 7
N - MC3 Cholesterol DSPC DMG-PEGZK
76070- 158 elesic 7
W70-4C | PB.PHSE | g0 (39.8%) (11%) (0.2%)
. MC3 Cholesterol pseC DMG-PEG2K
70070-5.C 5.8 ; P
70070-5.C L PR pHIS T gy (38.0%) (11%) 2.0%) 7
. o W MC3 Cholesterol DSPC DMG-PEGZK
IR » .
70070-6.C 1 PB pH I8 | g0 (35.0%) (11%) (3.0%) 7
. MC3 Cholesterol DSPC DSPE-PEG3K
7 3 2 H S
OOT7T3C I PB.PHIZ | hgely | 0% | (11%) (0.2%) 7
. . $S-0C Cholesterol DSPC DSPE-PEGIK
T0077-: ) : 7
70077-4C IMB.pH 301 o0/ (39.8%) (11%) (0.2%)
I - S8-0C Cholesterol DSPC DSG-PEG2ZK
N e a3 3 ’ - ) ’ 7
70077-3.C IMBpH 301 gory | g 5%) (2%) (0.5%) 7
. §8-0C Cholesterol pseC DPG-PEGIK
70077-6.C {MB, pH 3 . o
70077-6.C IMB, pHIO| - on,y (48.0%) 2%) (1.0%) 7
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Formulation Buffer ifm}imhle (_TEM}E{'sEemE “Hneipexl* P%Z(:;yiated NP

B fipid (%) (%} fipid (%) fipid (%) '
70077-7.C | MB, pH 3.0 Siff Cfﬁegii?i ?255% D\ig"ﬁf‘?m 7
70077-8.C | MB, pH 3.0 ?29(%2 C?féci“j?i ggii D“fgfi?m 7
70077-9.C |MB, pH3.0 ‘Zi’(}% (i’f;°3§j;°i D EF() T)‘;Ej’,'ﬁf',(’ZK 7
p AR ek
70087-1.C | PB, pH 5.8 r;gc/z) Ci"ff;;‘f?} szj‘:; DSP{%;PESDK 7
70087-2.C | MB, pH 3.0 ?2005 C?fé"fif{}‘;“ iif/f) P % };3/33‘ 7
70087-3.C | MB, pH 3.0 ?:’“S() (f’g‘g‘;i;;"i 3?’)/5) Dg%"l_j ?f}’ZK 7
70087-4.C | MB, pH 3.0 SZEOS? C](‘fécftf;’i 8?5; b “ﬁfj}‘ﬁ‘ 7
70087-3.C | MB, pH 3.0 ?3)8(; ‘“i‘q‘“‘}"’;ﬁfyi fﬁ% ngif‘;gm 7
80010-2.C |MB. pH 3.0 ??;if C?fécfigd ?Sﬁ/ﬂ P i} ii;gz}‘ 7
80010-3.C |MB, pH 3.0 ?2’982 C?;;‘;i;;"i 3‘;};; DMS ii?2K 7
80010-4.C |MB, pH 3.0 ‘i’i&f Q?;;C;f}i‘;”i 2;}"3&) P f‘g} 22;‘”‘ 7
80010-3.C | MB. pH 3.0 ?i;%? Ci(féegii‘ﬂ ?SZ’?C) oE z%gm 7
80016-1C | PB, pH 5.8 J:ﬁf/j) Cfii“;ii(ﬂ 2?5{ mi’,i;f?;?% 7
80016-2.C |MB, pH 3.0 (h;i)” <?j’écff,‘/f}‘;*‘i f’f;ff} DP?; 133:;2& 7
80016-3.C |MB, pH 3.0 ?;}Sg (i‘;“;izg‘ﬂ 3;}:; b P%’f f“;’m 5.5
80016-7.C |MB, pH 3.0 %29% Ci(f}f:if;‘ﬂ ?gff) Dpi 2 %SﬁK 7

130



WO 2021/243172 PCT/US2021/034787

Formulation Buffer ifm}imhle (_TEM}E{'sEemE “Hneipexl* P%Z(:;yiated NP
B fipid (%) (%} fipid (%) fipid (%)
80016-9.C [MB, pH 3.0 54(;/13 Cffé‘*;iii“ (Djfg m’igfi?m 7
80033-1.C |MB, pH 3.0 fi’gf,i‘? C?gg“jﬁf;“ ?z?zfi bp i‘}zig‘z{‘ 7
80033-2.C |MB, pH 3.0 Z’gi/i L’:‘;‘i‘ﬁ};j:’} Ei}f) Dpf‘(’)ig:jm 7
80033-3.C |MB, pH 3.0 fi;f; C?;ée;ifiﬂ (Dgfj‘:; DP%?@SZK 7
80048-1.C [MB, pH 3.0 ??92(; C?ji"fii‘;"i if.f/; P % };&g‘z}‘ 9
80048-2.C [MB, pH 3.0 ?;’QS() (f’g‘g‘;i;;"i 3;};; Dp%ﬁgﬁ{ 5
80048-4.C |MB, pH 3.0 ?2‘98(; Ciﬁ"’:ﬁi‘f ggf:g I)P%fif‘;gzig 5
B0048-5.C | MB, pH 3.0 ?29(*25 (fggff;"i 2(2)5% DP%E%{?K 9
80048-6.C |MB. pH 3.0 ??;if C?;‘icfigd 2?5}; P i} ii;gz}‘ 7
80048-7.C | MB, pH 3.0 ?2’982 C?Si‘;i;;"i EZES nggi‘g’m 5
80048-8.C | MB, pH 3.0 ‘i’:’(&f Q?;;C;f}i‘;”i ng i P g; 22;‘”‘ 7
80048-9.C | MB. pH 3.0 ?i;%? Ci(ﬁe:ii‘ﬂ E{;}f DP%'ESSZK 9
80039-2.C | MB, pH 3.0 ‘z;?()(i( <?j’écff,‘/f}‘;"i f’}?f}; DP?; 133:;2& 7
80130-1.C |MB, pH 3.0 ?;}Sg (g“;izg‘ﬂ 3;}:; b P%f?;’m 7
80130-3.C |MB, pH 3.0 ?:9{},{5 Cigfﬁfg‘ﬁ ?gff) DP%’;ESEK 7
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Formulation Buffer fonizable | Cholesterod Helper PEGylated NP
o i tipid (%) (%) pid (%) | Bpid (%) |
- . \ S8-0C Cholesterol DSPC DPG-PEG2ZK
#0139-1.C 3, pH 3. ) o 0 . o 7
BOL39-LC [MB, pH 30| o0 (28.5%) 2% (0.5%) /
Therapeutic Compositions and Methods of Use
[30291] One aspect of the disclosure relates to therapeutic compositions comprising the

recombinant RNA replicons described herein, or particles comprising recombinant RNA
replicons described herein, and methods for the treatment of cancer. Compositions deseribed
herein can be formulated in any manner suitable for a desired delivery route. Typically,
forroulations include all physiologically acceptable composttions ncluding derivatives or
prodrugs, solvates, sterecisomers, racemates, or tautomers thereof with any pharmaceutically

acceptable carriers, diluents, and/or excipients.

[00292] In some embodunents, the LNP comprising the recombinant RNA replicon {and
optionally the RNA viral genome) is capable of producing oncolytic viruses when adrotnistered
to a subject, wherein the encoded oncolytic virus is capable of reducing the size of a tumor that
is remote from the site of administration. For example, intravenous adminisiration of the LNPg
may resulis in replicon replication in tumor tissue and reduction of tumor size. In some
embodimentds, the LINPs of the disclosure are capable of localizing to tumors or cancerous
tissues that are remote from the site of LNP administration. Such effects enable the use of the
LNP-encapsulated replicons of the disclosure in the ireatment of tumors that are not easily

accessible and therefore not suntable for intratumoral delivery of treatment.

{86293} The phrase “pharmaceutically acceptable” 15 emploved herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, wrritation, allergic response, or other problem or comphication,

commensurate with a reasonable benefit/risk ratio.

[B0294] As used hersin “pharmaceutically acceptable carrier, diluent or excipient”
includes without imitation any adjuvant, carrier, excipient, ghidant, sweetening agent, diluent,
preservative, dve/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent,
suspending agent, stabilizer, isctonic agent, solvent, surfactant, or emulsifier which has been
approved by the Untted States Food and Drug Adminustration as being acceptable for use in

humans or domestic avimals. Exemplary pharmaceutically acceptable carniers include, but are
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not limited to, to sugars, such as lactose, glucose and sucrose; starches, such as com starch and
potato starch; celluose, and its derivatives, such as sodium carboxymethy! cellulose, ethyl
cetlulose and cellulose acetate; iragacanth; malt; gelatin; tale; cocoa buiter, waxes, arumal and
vegetable fats, paraffins, stlicones, bentonites, silicic acid, zinc oxide; oils, such as peanut oil,
cottonseed oil, safflower oif, sesame oil, olive o1l, comn o1l and soybean oif; glvcols, such as
propviene glycol; polyols, such as glycern, sorbitol, mannitol and polyethylene glveol; esters,
such as ethyi oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide
and aluminum hydroxide; alginic acid: pvrogen- free water; isotonic saline; Ringer’s solution;
ethyl alcohol; phosphate buffer sohitions; and any other compatible substances emploved

pharmaceutical formulations.

[30295] “Pharmaceutically acceptable salt” includes both acid and base addition salis.
Pharmaceutically-acceptable salts include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with norganic acids such as, for example,
bydrochloric acid, hydrobronue acid, sulfuric acid, nitric acid, phosphoric acid and the like,
and organic acids such as, but not limited to, acetic acid, 2,2-dichloroacetic acid, adipic acid,
algintc acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, 4-
acetarmidobenvoic acid, camphoric acid, camphor-10-sulfonic acid, capric acid, caproic acid,
caprvlic acid, carbonic acid, cimnamic acid, citric acid, cyvelamic acid, dodecvisulfuric acid,
ethane-1,2-disulfonic acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid,
fumaric acid, galactaric acid, gentisic acid, ghucoheptonic acid, glaconic acid, ghicuronic acid,
glutamic acd, ghitanc acid, 2-oxo-glutaric acid, glycerophosphoric acid, glveolic aad,
hippuric acid, isobutvric acid, lactic acid, lactobionic acid, lauric acid, maleic acid, malic acid,
malonic acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-1,S-disulfonic
acid, naphthalene-2-sulfounic acid, 1-hydroxy-2-vaphthotc acid, nicotirue acid, olete acid, orotic
actd, oxalic acid, palmitic acid, pamotc acid, propionic acid. pyroghutamuc acid, pyruvic acid,
salicylic acid, 4-aminosalicvlic acid, sebacic acid, stearic acid, succinic acid, {artaric acid,
thiocyanic acid, ptoluenesulfonic acid, trifluoroacetic acid, undecylenic acid, and the like. Salts
formed with the free carboxyl groups can also be derived from morgarue bases such as, for
example, sodium, potassium, lithium, amumoniwm, calcium, magnesium, iron, zing, Copper,
manganese, aluminum salts, and the hike. Salts derived from organic bases include, but are not
hinuted to, salts of primary, secondary, and terhiary anunes, substituted anunes mcluding
naturally occurring substituted amunes, cyclic amines and basic ion exchange resins, such as

ammonia, isopropviamine, trimethylamine, diethviamine, tfriethylamine, tripropvlamine,
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digthanolamine, ethanolamine, deancl, 2-dimethvlaminoethanol, 2-diethylaminoethanol,
dicyclohexvlamine, lysine, arginine, histidine, caffeine, procaine, hydrabamine, choline,
betaine, benetharoine, benrathine, ethylevedianune, glucosamine, methvighucamine,
theobromine, tricthanclanune, tromethamine, purines, piperazine, pipeniding N-
ethvipiperidine, polyamine resins and the like Particularly preferred organic bases are
tsopropylamiue, diethylarine, ethanolarine, trirsethylamine, dicy clohesylaroine, choline, and

caffeine.

[60296] The present disclosure provides methods of kalling a cancerous cell or a target
cell comprising exposing the cell to an RNA polvnucleotide or particle described herein, or
composition thereof, under conditions sufficient for the wtracellular delivery of the
composition to the cancerous cell. As used herein “killing a cancerous cell” refer to the death
of a cancerous cell by means of apoptosis or necrosis. Killing of a cancercus cell may be
determined by methods known in the art including but not limited to, tumor size measurements,
cell counts, and flow cvtometry for the detection of cell death markers such as Annexin V and

incorporation of propidium iodide.

{66297} The present disclosure further provides methods of treating or preventing cancer
in a subject in need thereof wherein an effective amount of the therapeutic compositions
described herein 1s admimstered to the subject. The route of admunistration will vary, natarally,
with the location and nature of the disease being treated, and may include, for example
intradermal, transdermal, subdermal, parenteral, nasal, intravencus, intramuscular, intranasal,
subcutaneous, percutaneous, indratracheal, intraperifoneal, ntratumoral, perfusion. lavage,
direct imjection, and oral admimstration. The encapsulated polvnucleotide compositions
described herein are useful in the treatment of metastatic cancers, wherein systemic
administration may be necessary to deliver the compositions o mudtiple organs and/or cell
types. Therefore, in some erobodiments, the compositions described herein are adnunistered

systemically

{30298 The present disclosure further provides methods of imumumizing a subject
against a disease wherein an effective amount of a therapeutic composition described herein s
admunistered to the subject. The route of admirastration will vary, naturally, with the location
and nature of immumization agent, and may include, for example intradermal, transdermal,
subdermal, parenteral, nasal, mtravencus, intramuscular, intranasal, subcutaneous,
percutaneous, miratracheal, intraperitoneal, ntratumoral, perfusion, lavage, direct igection,

and oral admunistration.
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{60299} The present disclosure further provides a particle of the disclosure, a vector of
the disclosure, a recombinant RNA replicon of the disclosare, or compositions thereof, for use
as a medicament. In some embodiments, the medicament 15 for the killing a cancerous cell. In
some embodiments, the medicament 15 for treating cancer. In some embodiments, the

medicament is for immunization against a disease.

[30300] An “effective amount” or an “effective dose,” used interchangeably herein,
refers to an amount and or dose of the compositions described herein that resulis 1 an
improvement or remediation of the symptoms of the disease or condition. The improvement is
any improvement or remediation of the disease or condition, or symptom of the disease or
coundition. The umprovement s an observable or measurable improvement or mav be an
improvement in the general feeling of well-being of the subject. Thus, one of skill in the art
realizes that a treatment may improve the disease condition but may not be a complete cure for
the disease. Improvements in subjects may include, but are not limited 1o, decreased tumor
burden, decreased turnor cell proliferation, increased turnor cell death, activation of tmmune
pathways, increased time to tumor progression, decreased cancer pain, increased survival, or
improvements in the quahity of life. The effective amount of a particular agent may therefore
be represented in a variety of ways based on the nature of the agent, such as mass/volume, # of
celis/volume, particles/volume, {mass of the agent)/{mass of the subject), # of cells/{mass of
subject), or particles/{mass of subject). The effective amount of a particular agent may also be
expressed as the half-maximal effective concentration (ECso), which refers to the concentration
of an agent that results in a magnitude of a particular physiological response that is half~-way

between a reference level and a maximum response level.

{60301} in some embodiments, adnunistration of an effective dose may be achieved with
administration a single dose of a composition deseribed herein. As used hergin, “dose” refers
to the amount of a composition delivered at one time. In some embodiments, the dose of the
recombinant RNA molecules is measured as the 50% Tissue culture Infective Dose (TCIDs0).
in some embodiments, the TCIDscis at least about 10°-10° TCIDso/mL, for example, at least
about 10° TCIDso/mL, about 10* TCIDso/mL, about 10° TCIDso/mL, about 10° TCIDso/mlL,
about 107 TCIDse/mL. about 10° TCIDso/mL, or about 10° TCIDse/mL. In some embodiments,
a dose may be measwrad by the number of particles in a given volume {e.g., particles/mL}. In
some embodiments, a dose may be further refined by the genome copy number of the RNA
polynucieotides deseribed heremn present in each particle {e.g.. # of particles/mi., wherein each

particle comprises at least one genome copy of the polynucleotide). In some embodiments,
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delivery of an effective dose may require admunistration of multiple doses of a composition
described herein. As such, administration of an effective dose may require the administration
of at least 2. 3. 4, 5, 6, 7. 8, 9, 10, 20, 30, 40, 50, or more doses of a composition described

herein.

363621 In embodiments wherein multiple doses of a composition described herein are
administered, each dose need not be administered by the same actor and/or in the same
geographical location. Further, the dosing may be administered according to a predetermined
schedule. For example, the predetermined dosing schedule may comprise administering a dose
of a composition described herein daily, every other day, weekly, bi-weekly, monthly, bi-
moothly, annually, seou-annually, or the like. The predetermaned dosing schedule may be
adjusted as necessary for a given patient (e.g., the amount of the composition administered may
be increased or decreased and/or the frequency of doses may be increased or decreased, and/or

the total number of doses to be administered may be increased or decreased).
Definitions

[30303] In the present description, any concentration range, percentage range, ratio
range, of integer range is to be understood to include the value of any integer within the recited
range and, when appropriate, fractions thereof (such as one tenth and one hundredth of an
integer), unless otherwise indicated. It should be understood that the terms “a” and “an” as used
herein refer to “one or more” of the enumerated components unless otherwise indicated. The
use of the alternative {e.z, “or”) should be understood to mean either one, both, or any
combination thereof of the alternatives. As used herein, the terms “include”™ and “comprise™
are used synonymously. As used herein, “plurality” may refer {0 one or more components {e.2.,
one or more miRNA target sequences).

[00304] As usad in this application, the terms “about” and “approximately™ are used as
equivalents. Any numerals used in this application with or without about/approximately are
meant 1o cover any normal flucteations appreciated by one of ordinary skill in the relevant art.
In certain embodiments, the term “approximately” or “about” refers to a range of values that
fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, 1%, or less in cither divection (greater than or less than) of the stated
reference value unless otherwise stated or otherwise evident from the context {except where
such number would excead 100% of a possible value). In some embodiments, the term

“approximately” or “about” refers to a range of values that fall within 10% i either direction
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{greater than or less than) of the stated reference value unless otherwise stated or otherwise

evident from the context {except where such number would exceed 100% of a possible value).

{66365 “Decrease” or “reduce” refers to a decrease or a reduction in a particular value
of at least 5%, for example, 5, 6, 7. 8.9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 99, or 100% as compared to a reference value. A decrease or reduction in a
particalar vahue may also be represented as a fold-change in the value corpared to a reference
value, for example, at least 1, 2. 3, 4, 5. 6. 7, 8, 9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100,

200, 500, 1600-fold, or more, decrease as compared to a reference value.

{60396} “Increase” refers to an increase in a particular value of at least 5%, for example,
S,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, §5, 90, 95, 99, 100, 200,
300, 400, 500% or more as compared {0 a reference value. An increase in a particular value
may also be represented as a fold-change in the value compared to a reference value, for
example, at teast 1-fold, 2, 3,4, 5, 6,7, 8,9, 10, 13, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,

300, 1000-fold or more, increase as compared to the level of a reference value.

{80307} The term “sequence identity” refers to the percentage of bases or amino acids
between two polynuciestide or polvpeptide sequences that are the same, and in the same
relative position. As such one polynucleotide or polypeptide sequence has a certain perceniage
of sequence identity coropared to another polynucleotide or polypeptide sequence. For
sequence comparison, typically one sequence acts as a reference sequence, to which test
sequences are compared. The term “reference sequence™ refers to a molecule to which a test
sequence i¢ compared. The term “muttation” refers to the substitution, defetion or addition of
nucleic acids or anmuno acids. The termo “conservative mutation” refers to the substitution of a
single amino acid or a small number of amino acids 1n a polypeptide where the new amino acid
has a chemical and physical property {(charge, hyvdrophilicity, etc.) that s similar to the

substituted amino acid.

{66308} “Coraplementary” refers 1o the capacity for pairing, through base stacking and
specific hydrogen bonding, between two sequences comprising naturally or non-naturally
occurring {e.g, modified as described above) bases {nucleotides} or analogs thereof For
example, if a base at one position of a nucleic acid is capable of hydrogen bonding with a base
at the corresponding position of a target, then the bases are considered to be cornplementary 1o
each other at that position. Nucleic acids can comprise universal bases, or inert abasic spacers

that provide no positive or negative contribution to hydrogen bonding. Base pairings may
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include both canonical Watson-Crick base pairing and non-Watson-Crick base pairing {e.g.,
Wobble base pairing and Hoogsteen base pairing). It s undersiood that for complementary
base pairings, adenosine-tvpe bases {A) are complementary to thymudine-tyvpe bases (T} or
uracil-type bases (U), that cvtosine-type bases (C) are complementary to guanosine-type bases
((3), and that universal bases such as 3-nitropyrrole or S-nitroindole can hybridize 1o and are
considered complementary to any A, C, U, or T. Nichols ef ¢/, Nature, 1994;369:492-493 and
Loakes er /., Nucleic Acids Res., 1994;22:4039-4043  Inosine (1) has also been considerad in
the art to be a universal base and is considered complementary to any A, C, U, or T. Ses

Watkins and SantaLlucia, Nucl. Acids Research, 2005; 33 (19): 6258-6267.

“c

[60399] An “expression cassette” or “expression construct” refers to a polvoucleotide

sequence operably linked to a promoter.

1306310} “Operably linked” refers to a juxtaposition wherein the components so
described are in a relationship permitiing them to function in their intended manner. For
nstance, a promoter 15 operably linked to a polvoucieotide sequence if the promoter affects the
transcription or expression of the polynucleotide sequence; a cleavage polypeptide is operably
linked to a payioad molecule if it allows the separation of the payload molecule (e.g., from the

rest of the polypeptide} under ceriain desirable conditions.

{60311} The term “subject” includes arumals, such as mammals. In some embodiments,
the mammal is a primate. In some embodiments, the manuval is a human. In some
embodiments, subjects are livestock such as cattle, sheep, goats, cows, swine, and the like; or
domesticated animals such as dogs and cats. In some embodiments {e.g, particilarly in
research contexts) subjects are rodends {e.g., mice, rafs, hamsters), rabbits, primates, or swine
such as inbred pigs and the like. The terms “subject” and “patient” are used interchangeably
hergin. In some embodiments, the methods of the present disclosure are employed to ireat a
human subject. The methods of the present disclosure may also be enploved to treat non-
human primates {¢.g., monkeys, baboous, and chimpanzees), mice, rats, bovines, horses, cais,
dogs, pigs, rabbits, goats, deer, sheep, ferrets, gerbils, guinea pigs, hamsters, bats, birds, and

reptiles.

{60312} As used herein “prevention” or “prophvlaxis” can mean complete prevention of
the symptoms of a disease, a delay in onset of the symptoms of a disease, or a lessening in the

severity of subsequently developed disease symptoms.
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{60313} “Cancer” herein refers to or describes the physiological condition in mammals
that is typically characterized by unregulated cell growth. Examples of cancer include but are
not imited to carcinoma, lvmphoroa, blastoma, sarcoma (including liposarcoma, osieogenic
sarcoma, angiosarcoma, endotheliosarcoma, letomyosarcoma, chordoma, lymphangiosarcoma,
lymphangioendotheliosarcoma, rhabdomyosarcoma, fibrosarcoma, mvxosarcoma, and
chondrosarcoma), neuroendocrineg  tumors, mesothelioma, synoviorsa, schwannoma,
meningioma, adenocarcinoma, melanoma. and leukemia or lymphoid malignancies. More
particular examples of such cancers include squamous cell cancer {e.g., epithelial squamous
cell cancer), lung cancer including small-cell hung cancer, non-small cell lung cancer,
adenocarcivoma of the lung and squarnous carcinoma of the Tung, sroall cell lung carcivoma,
cancer of the peritoneum, hepatocellidar cancer, gastric or stomach cancer including
gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer,
endometrial or wterine carcinoma, salivary gland carcinoma, kidney or renal cancer {e.g., renal
cell carcinoma), newoendocring cancer, prostate cancer {e.g., Castration resistant
newroendocrine prostate cancer), vulvar cancer, thyvroid cancer, B-cell chronic lymphocyiic
leukernia, diffuse large B-cell lvmphoma (DLBCL), marginal zone lymphoma (MZ L), Merkel
cell carcinoma, hepatic carcinoma, anal carcinoma, penile carcinoma, testicular cancer,
esophageal cancer, tumors of the biliary tract, Ewing’s tumor, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary  adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, seminoma,
embryonal carcinoma, Wilms™ tumor, testicular tumor, fung carcinoma, bladder carcinoma,
eptthelial carcinoma, ghioma (eg., malignant ghiorpa), astrocytoma, medulloblastoma,
craniopharvngioma, ependymoma, pinealoma, hemangioblastoma, acoustic neuroma,
oligodendroglioma, meningioma, melanoma, neurcblastoma, retingblastoma, leukemia,
tymphoma, multiple myeloma, Waldenstrom’s macroglobulinemia, myelodysplastic disease,
heavy chain disease, neuroendocrine tumors, Schwannoma, and other carcinomas, as well as
head and neck cancer. In some embodiments, the cancer is a neuroendocrine cancer.
Furthermore, benign (1.¢., noncancerous) hy perproliferative diseases, disorders and conditions,
macluding benign prostatic hypertrophy (BPH), meningioma, schwannoma, neurofibroroatosis,
keloids, myoma and uterine fibroids and others may also be treated using the disclosure

disclosed herein.
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{60314} “Administration” refers herein to introducing an agent or composition into a
subject.
606315} “Treating” as used heremn refers to delivering an agent or composition to a

subject to affect a physiologic ouicome. In some embodiments, treating refers to the treatment
of a disease in a mammal, e.g., in a human, including {a} inhibiting the disease, i.e., amresting
disease development or preventing disease progression; (b) relieving the disease, i.e., causing
regression of the disease state; and (¢} curing the disease.

(60316} “Population”™ of cells refers to any number of cells greater than 1, but 18
preferably at least 1x10° cells, at least 1x10* cells, at least 1x10° cells, at least 1x10° cells, at
least 1x107 cells, at least 1x10% cells, at least 1x10° cells, at least 1x10 cells, or more cells. A
population of cells may refer to an in vitro population (e.g., a population of cells in culture} or
an in vivo population {e.g., a population of celis residing in a particular tissue).

68317} “Hffector function” refers to functions of an immune cell related to the
generation, mainienance, and/or enhancemwent of an immune response against a target cell or

target antigen.

{68318} The terms “nucroRNA,” “nuRNA,” and “miR” are used interchangeably herein
and refer to small non-coding endogenous RNAs of about 21-25 mucleotides in length that
regulate gene expression by directing their target messenger RNAs (mRNA) for degradation
or translational repression.

[30319] The term “composition” as used herein refers to a formulation of a recombinant
RINA molecule or a particle-encapsulated recombinant RNA molecule described herein that is
capable of being admimstered or delivered {o a subject or cell.

(60320} The term “replication~competent viral genome” refers 1o a viral genome
encoding all of the viral genes necessary for viral replication and production of an infectious
viral particle.

{66321} The term “oncolviic virus” refers to a virus that has been modified to, or
naturally, preferentially infect cancer cells.

{30322 The term “vector” is used herein to refer to a nucleic acid molecule capable of
transferring or transporting another nucleic acid molecule.

[B0323] The term “replicon” refers 1o a nucleic acid that is capable of directing the

generation of copies of itself. As used herein, the term “replicon” mcludes RNA as well as
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DNA. Generally, a viral replicon contains at least a part of the genome of the virus. A viral
replicon may contain an incomplete viral genome vel is still capable of directing the generation

of copies of itselfl

303241 The term “upstream”, when used in reference to nucleic acid, refers to a
nucleotide sequence that is located toward 5” with respect to the reference nucleotide sequence,
and when used in seference to polypeptide, refers {o an amino acid sequence that 1s located
towards N-term with respect to the reference anuno acid sequence. The term “downstream”,
when used in reference to nucleic acid, refers to a nucleotide sequence that is located toward
37 with respect to the reference nucleotide sequence, and when used in reference to polypeptide,
refers o an amino acid sequence that 15 located towards C-term with respect 1o the reference

amino acid sequence.

130325] The term “cis-acting replication element” refers to a portion of the RNA genome
of an RNA virus or replicon which must be present in c¢is, that is, present as part of each viral
strand as a necessary condition for replication. fn some embodiments, the cis-acting replication

element is composed of one or more segments of viral RNA.

[66326] The terms “corresponding 107 or “correspond t0”, as used herein in relation to
the amino acid or nucleic acid position(s), refer to the position{s) in a fist
polypeptide/polyruclectide sequence that aligns with a given anuno acidmucleic acid i a
reference polvpeptide/polynucleotide sequence when the first and the reference
polypeptide/polynuclectide sequences are aligned. Alignment is performed by one of skill in
the art using software designed for this purpose, for example, Clustal Omega version 1.2 4 with

the default parameters {or that version.

{60327} General methods in molecular and cellufar biochemistry can be found in such
siandard textbooks as Molecular Cloning: A Laboratory Manual, 3rd Ed. {(Sambrook ef af,
HaRBor Laboratory Press 2001 3; Short Protocols in Molecular Biclogy, 4th Ed. (Ausubel ef
al. eds., John Wiley & Sons 1999); Protein Methods (Bollag €7 o/, John Wiley & Sons 1996},
WNonviral Vectors for Gene Therapy {Wagner ef /. eds., Academic Press 1999), Viral Vectors
(Kaplift & Loewy eds., Academic Press 1995); Immunology Methods Manual (I Lefkovits
ed., Academic Press 1997y, and Cell and Tissue Culture: Laboratory Procedures in
Biotechnology (Dovle & Griffiths, John Wiley & Sons 1998), the disclosures of which are

incorporated herein by reference.

141



WO 2021/243172 PCT/US2021/034787

FURTHER NUMBERED EMBODIMENTS

{60328} Further numbered embodiments of the present disclosure are provided as
follows:
[36329] Embodiment 1. A recombinant RNA replicon comprising:

a picornavirus genome, wherein the picornavirus genome comprises a deletion

or a truncation in one or more protein coding regions; and
a heterologous polynucleotide.

(60338 Embodiment 2. The recombinant RNA replicon of Embodiment 1, wherein the
picornavirus genome comprises the deletion or the truncation in one or more VP coding

regions.

f00331} Embodiment 3. The recombinant RNA replicon of Embodiment 1 or 2, wheren
the picornavirus genome comprises the deletion or the truncation inn each of the VP1, VP3 and

VP2 coding regions.

[B0332] Embodiment 4. The recombinant RNA replicon of any one of Embodiments 1-
3. wherein the picomavirus genorue comprises the deletion of the VP and VP3 coding regions

and the truncation of the VP2 coding region.

{66333} Embodiment 5. The recombinant RNA replicon of any one of Embodiments 1-
4, wherein the picornavirus s selected from a senecavirus, a cardiovirus, and an enterovirus,

{36334 Erobodiment 6. The recornbinant RNA replicon of any one of Erobodiroents |-
5, wheremn the deletion or the truncation comprises at least 500 bp. at least 1000 bp, at least

1500 bp, at least 2000 bp, at least 2500 bp. or at feast 3000 bp.

[BG335] Embodiment 7. The recombinant RNA replicon of Embodiments 6, wherein the

deletion or the truncation coroprises at least 2000 bp.

[B0336] Embodiment 8. The recombinant RNA replicon of any one of Embodiments 1-
7, wherein a site of the deletion or a site of the truncation comprises the heterclogous
polyvnucleotide

{66337} Embodiment 9. The recombinant RNA replicon of any one of Embodiments 1-
7, wherein the heterologous polyvnucieotide 1s inserted between a 2A coding region and a 2B

coding region.
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60338} Embodiment 10. The recombinant RNA replicon of any one of Embodiments
1-7, wherein the heterologous polynucleotide is inserted between a 3D coding region and a 3

untranslated region (UTR).

[30339] Embodiment 11. The recombinant RNA replicon of any one of Embodiments
1-10, wherein the heterologous polynucleotide comprises at least 1000byp, at least 2000 bp, or

at feast 3000 bp.

30340} Embodiment 12. The recombinant RNA replicon of any one of Embodimenis

1-11, wherein the picoravirus is a Seneca Valley Virus (SVV).

[00341] Embodiment 13. The recombinant RNA replicon of Embodiment 12, wherein
the deletion or the truncation comprises one or more nucleotides betwesn nucleotide 1261 and

3477, meclusive of the endpomnts, according to the numbering of SEG ID NO: 1.

{03421 Embodiment 14 The recombinant RNA replicon of Embodiment 12, wherein
the deletion or the truncation comprises nucleotide 1261 1o 3477, inclusive of the endpoints,
according to the numbering of SEQ ID NO: 1.

[00343] Embodiment 13, The recombinant RNA rephcon of Embodiments 12 or 13,
wherein the deletion or the truncation cormprises at least 500 bp, at least 1000 bp, at least 1500
bp, or at least 2000 bp.

[00344] Embodiment 16. The recombinant RNA replicon of Embodiment 15, wherein
the deletion or the truncation comprises at least 2000 bp.

{36345] Erobodiruent 17. The recornbinant RNA replicon of any one of Embodiments
12 to 16, wherein the SVV genome comprises a 5° leader protein coding sequence.

[20346] Embodiment 18. The recombinant RNA replicon of any one of Embodiments
1210 17, wherein the SVV genome comprises a VP4 coding region.

{30347} Embodiment 19. The recombinant RNA replicon of any one of Embodimends
12 to 18, wherein the SVV genome comprises a VP2 coding region or a truncation thereof.
{00348} Embodiment 2¢. The recombinant RNA replicon of Embodiment 19, wherein
the SVV genome comprises, from 5 to 37 direction, the 57 leader protein coding sequence, the
VP4 coding region, and the VP2 coding region or a truncation thereol.

{60349 Erobodirent 21. The recombinant RNA replicon of Embodiment 20, wheren a

portion of the SVV genome comprising the 57 leader protein coding sequence, the VP4 coding
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region, and the VP2 coding region or a truncation thereof has at least 20% sequence identity to

nuclectide 1 1o 1260 of SEQ ID NG 1.

603581 Embodiment 22. The recombinant RNA replicon of Embodiment 20 or 21,
wherein the SVV genome comprises, from 5° to 3’ direction, the 3° leader protein coding
sequence, the VP4 coding region, the VP2 coding region or a truncation thereof, and the

heterologous polynucleotide.

60351} Embodiment 23. The recombinant RNA replicon of any one of Embodimends

1-22, wherein the SVV genome comprises a cis-acting replication element ({CRE)}.

06382 Embodiment 24. The recombinant RNA replicon of Embodiment 23, wherein
P

the CRE comprises between 10-200 bp.

{66353} Embodiment 25. The recombinant RNA replicon of Embodiment 23 or 24,
wherein the CRE comprises one or more nucleotides within the region corresponding to

nucleotide 1000 to nucleotide 1260 according to SEQ ID NG: 1.

f00354] Embodiment 26. The recombinant RNA replicon of Embodiment 23 or 24,
wherein the CRE comprises one or more nucleotides within the region corresponding to

nucleotide 1117 to nucleotide 1260 according to SEQ ID NO: 1

{8G355] Embodiment 27. The recombinant RNA replicon of any one of Embodiments
23-26, wherein the CRE comprises a polynucleotide sequence having at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at teast 97%, af least

9%8%, at least 99%, or 100% identity to SEQ 1D NO: 149

j00G356] Embodiment 28. The recombinant RNA replicon of any one of Embodiments

12-27, wherein the SVV genome further comprises a 2A coding region.

fB0357] Embodiment 29, The recombinant RNA replicon of Embodiment 28, wherein
the 2A coding region 1s located between the VP2 coding region or a truncation thereof and the
heterologous polynucleotide.

{68358} Embodiment 30. The recombinant RNA replicon of anv one of Embodiments
12-29, wherein the SVV genome comprises one or moore of a 2B coding region, a 2C coding
region, a 3 A coding region, a 3B coding region, a 3Cpro coding region, and a 3D(RdRp) coding

region.
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60359 Embodiment 31. The recombinant RNA replicon of any one of Embodiments
12-29, wherein the SVV genome comprises a 2B coding region, a 2C coding region, a 3A

coding region. a 3B coding region, a 3Cpro coding region, and a 3D{RdRp) coding region.

303601 Embodiment 32. The recombinant RNA replicon of Embodiment 31, wherein
the SVV genome comprises, from & to0 37, the 2B coding region, the 2C coding region, the 3A
coding region, the 3B coding region, the 3Cpro coding region, and the 3DM{RdRp) coding

region.

(60361} Embodiment 33. The recombinant RNA replicon of Embodiment 32, wherein a
portion of the SVV genome comprising the 2B coding region, the 2C coding region, the 3A
coding region, the 3B coding region, the 3Cpro coding region, and the 3D{RdRp} coding region

has at least 90% sequence dentity to nucleotide 3503 to 7310 according to SEQ 1D NO: 1

[30362] Embodiment 34. The recombinant RNA replicon of any one of Embodiments
3033, wherein the SVV genome comprises, from 57 to 37, the heterologous polvnucleotide and

the 2B coding region.

[B0363] Embodiment 35 The recombinant RNA replicon of any one of Embodiments 1

to 11, wherem the picornavirus is a coxsackievirus.

[08364] Embodiment 36. The recombinant RNA replicon of Embodiment 35, wherein
the deletion or the truncation comprises one or more nucleotides between nucleotide 717 to

3332 inclusive of the endpoints, according 1o the numbering of SEQ ID NGO 3.

{0365] Embodiment 37, The recombinant RNA replicon of Embodiment 35, wherein
the deletion or the trancation comprises nucleotide 717 10 3332, inclusive of the endpoints,

according {0 the numbering of SEQ 1D NG: 3.

[80366] Embodiment 38, The recombinant RNA replicon of Embodiment 35 or 36,
wherein the deletion or the truncation conprises at least 500 bp, at least 1000byp, at least 1500

bp, at least 2000 bp, or at least 2660 bp.

{66367} Embodiment 39, The recombinant RNA replicon of any one of Embodiments
35 to 38, wherein the coxsackievirus genome comprises a 3 UTR.

f00368] Erobodiment 40, The recormbinant RNA replicon of any one of Embodiments
35 to 39, wherein a portion of the coxsackievirus genome comprising the 5° UTR has at least

90% sequence identity to SEQ IDNG: 4.
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60369} Embodiment 41. The recombinant RNA replicon of any one of Embodiments
35 1o 40, wherein the coxsackievirus genome comprises one or more of a 2A coding region, a
28 coding region, a 2C coding region, a 3A coding region, a 3B coding region, a VPg coding

region, a 3C coding region, a 3D pol coding region, and a 3” UTR.

{36370} Embodiment 42. The recombinant RNA replicon of any one of Embodiments
35 to 40, wherein the coxsackievirus genorne comprises a 2A coding region, a 2B coding
region, a 2C coding region, a 3A coding region, a 3B coding region, a VPg coding region, a

3C coding region, a 3D pol coding region, and a 3° UTR.

[66371} Embodiment 43. The recombinant RNA replicon of Embodiment 42, wherein
the coxsackievirus genome comprises, from § to 37 direction, the 2A coding region, the 2B
coding region, the 2C coding region, the 3A coding region, the 3B coding region, the VPg

coding region, the 3C coding region, the 3D pol coding region, and the 3° UTR.

{00372} Embodiment 44. The recombinant RNA replicon of Embodiment 42, wherein a
portion of the coxsackievirus genome comprising the 2A coding region, the 2B coding region,
the 2C coding region, the 3A coding region, the 3B coding region, the VPg coding region, the
3C coding region, the 3D pol coding region, and the 3° UTR has at least 90% sequence identity
to nucleotide 3492 (o 7435 in SEQ ID NG: 3.

{60373} Embodiment 45. The recombinant RNA replicon of anv one of Embodiments
41 to 44, wherein the coxsackievirus genome comprises, from 37 to 37, the 8 UTR, the
heterologous polynucleotide, and the 2A coding region.

{80374} Embodiment 46. The recombinant RNA replicon of any one of Embodiments 1
to 11, wherein the picornavirus is an encephalomy ocarditis virus (EMCV}.

[B0375) Embodiment 47. The recombinant RNA rephicon of any one of Embodiments 9
and 11-46, wherein the recombinant RNA replicon comprises an internal ribosome entry site
(IRES}) mserted between the heterologous polynucleotide and the 2B coding region.

{66376} Embodiment 48. The recombinant RNA replicon of any one of Embodiments 1
10 47, wherein the heterologous polvnucleotide encodes one or more payload molecules.
863771 Embodiment 49. The recombinant RNA replicon of any one of Embodiments |
to 47, wherein the heterologous polvnucleotide encodes two or more payload molecules.
f00378] Embodiment 50, The recombinant RNA replicon of Embodiment 49, wherein

the two or more payload molecules are operably hinked by one or more cleavage polvpeptides.
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{66379} Embodiment 51. The recombinant RNA replicon of Embodiment 50, wherein
the cleavage polypeptide comprises a 2A fanuly self-cleaving peptide, a 3C cleavage site, a

funn site, an IGSF1 polvpeptide, or a HIV protease site,

(333891 Embodiment 52. The recombinant RNA replicon of Embodiment 51, wherein
the cleavage polypeptide comprises an IGSF1 polvpeptide, and wherein the IGSF1 polypeptide

comprises an amino acid sequence having at least 90% identity to SEQ ID NG: 75

(00381} Embodiment 53. The recombinant RNA replicon of Embodiment 51, wherein

the cleavage polvpeptide comprises an HIV protease site.

[06382] Embodiment 54. The recombinant RNA replicon of Embodiment 51, wherein

the cleavage polypeptide comprises a 2A family setf-cleaving peptide.

{66383} Embodiment 55. The recombinant RNA replicon of any one of Embodiments

50 to 54, wherein the cleavage polvpeptide comprises a furin site.

003384 Embodiment 56. The recombinant RNA replicon of any one of Embodiments
5010 53, wherein the heterologous polynucleotide encodes a polypeptide comprising the two
or more pavioad molecules and the cleavage polypeptide comprising, from N-terminus to C-

terminus: N — paylcad molecule 1 - cleavage polypeptide — payioad molecule 2 - €7,

f0G385] Embodiment 57. The recombinant RNA replicon of Embodiment 53, wherein
the heterclogous polynucleotide further comprises a coding region that encodes an HIV
protease, and wherein the heterologous polvnucleotide comprises a coding region that encodes
a polypeptide comprising, from N-ternunus to C-ternunus: N” — Payload molecule 1 - HIV

protease site — HIV protease — HIV protease site — Payload molecule 2 - {7,

[20386] Embodiment 58. The recombinant RNA replicon of Embodiment 57, wherein
the heterologous polynucleotide further comprises a coding region that encodes a third payload
molecule, and wherein the heterologous polynuclectide comprises a coding region that encodes

a polypeptide comprising, from N-terminus to C-terminus:

N’ - Payload molecule I —~ HIV protease site ~ HIV protease — HIV protease

site — Payload molecule 2 — HIV protease site — Pavload molecule 3-C’,
{66387} Erobodimuent 59. The recornbinant RNA replicon of any one of Embodimenis
56 to 38, further comprsing a cleavage polypeptide at the C-terminus of the encoded

polypeptide.
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60338} Embodiment 60. The recombinant RNA replicon of any one of Embodiment 48
to 59, wherein the payioad molecules are selected from a fluorescent profein, an enzyme, a
cytokine, a chemokine, an antigen, an antigen-binding roolecule capable of binding to a cell

surface receptor, and a ligand for a cell-swrface receptor.

{B0389] Embodiment 61. The recombinant RNA replicon of any one of Embodiment 48

to 59, wherein the payload molecules are selected from:

a} one or more cviokines comprising IFND, GM-CSF, 1L-2, IL-12, IL-15, IL-
18, 1L-23, and IL-36y;

b) one or more chemokines comprising CXCLIG, CCL4, CCLS, and CCL21;

¢} one or more antibodies comprising an anti-PDN-VHH-F¢ antibody, an anti-

CD47-VHH-Fc antibody, and an anti-TGFR-VHH(or scFv)-Fe antibody;

d) one or more bipartite polypeptides comprising a bipartite polypeptide binding
to DLLE3 and an effector cell target antigen, a partite polypeptide binding to FAP and
an effector cell target antigen, and a bipartite polyvpeptide binding to EpCAM and an

effector cell target antigen;

¢} one or more tumor-assoctated antigens comprising survivin, MAGE faroly

proteins, and all antigens according to Table 6;
) one or more tumor necantigens;
¢} one or more bipartite polypeptides binding to MHC-peptide antigen complex;

h) one or more fusogenic profeins comprising herpes simplex virus (HSV)
UL27/glycoprotein B/gB, HSV ULS3/glvcoprotein K/gk, Respiratory syncytial virus
{(RSV) F protemn, FASTplS, VSV-G, syncitin-! (from human endogenous retrovirus-
W (HERV-W)) or syncitin-2 (from HERVFRDEL), paramyxoviras SV35-F, measles
virus-H, measles virus-F, and the glvcoprotein from a retrovirus or lentivirus, such as
gibbon ape leukemia virus (GALV), murine leukemia virus (MLV), Mason-Pfizer
monkey virus (MPMV} and equine infectious anemia virus (EIAV), optionally with the

R transmembrane peplide removed (R- versions);

1} ove or more other payioad wmolecules comprising ILISR, PGDH, ADA,
ADA2 HYALL HYAL2 CHIPS, MLKL (or 1ts 4HB domain only), GSDMD {or iis

L192A mutant, or its amino acids 1-233 fragment, or its amino acids 1-233 fragment

with L192A mutation), GSDME (or its amino acid 1-237 fragment), HMGBI {or its
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Box B domain only}, Melittin {2.g., alpha-Melittin}, SMAC/Diablo {or 1ts amino acid
56-239 fragment}), Snake LAAQ, Snake disintegrin, Leptin, FLT3L, TRAIL,

Gasdernmin D or a truncation thereof, and Gasdermin E or a truncation thereof

1} one or more antigens from pathogens comprising Dengue virus, Chikungunya
virus, Mycobacterium tuberculosis, Human immunodeficiency viruses, SARS-CoV-2,
Coronaviras, Hepatitis B Virus, Togaviridae family virus, Flaviviridae family virgs,
Influenza A virus, Influenza B virus, and a veterinary virus; or

k) anv combination thereof,

{60390} Embodiment 62. The recombinant RNA replicon of any one of Embodiments
49 to 59, wherein the two or more payload molecules are selecied from the group consisting of
a fluorescent protein, an enzyme, a cyiokine, a chemokine, an antigen-binding molecule
capable of binding to a cell surface receptor, and a ligand for a cell-surface receptor.

{30391} Embodiment 63. The recombinant RNA replicon of any one of Embodiments
49 to 59, wherein the heterologous polvnucleotide encodes two or more payload molecules
coOmprising;

a. 1L-2 and 1L-36y;

b. CXCL10 and an antigen binding molecule binding to FAP and CD3;

¢. IL-2 and an antigen binding molecule binding to DLL3 and UD3;

d. IL-36y and an antigen binding molecule binding to DLL3 and CD3; or

e. 1L-2, IL-36y and an antigen binding molecule binding to DLL3 and CD3.

60392 Ernbodiment 64. The recombinant RNA replicon of any one of Embodimsents 1
10 63, further comprising a microRNA (miRNA) target sequence (muR-TS) cassette comprising
one or more miRNA target sequences.

(30393} Embodiment 65. The recombinant RNA replicon of Embodiment 64, wherein
the one or more miRNAs comprise miR-124, miR-1, miR-143, nuR-128, miR-219, miR-219a,
miR-122, nuR-204, nuR-217, miR-~137, and miR-126.

[06394] Embodiment 66. A recombinant DNA molecule comprising, from 5" t0 37, a
promoter sequence, a 57 junctional cleavage sequence, a polynucleotide sequence encoding the
recombinant RNA replicon of any one of Erobodiroents 1-65, and 3 37 jusctional cleavage

sgquence.
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{60395} Embodiment 67. The recombinant DNA molecule of Embodiment 66, wherein

the promoter sequence is a T7 promoter sequence.

{66396 Embodiment 68, The recombinant DNA molecule of Embodiment 66 or 67,
wherein the 57 junctional cleavage sequence is a nibozyme sequence and the 37 junctional

cleavage sequence is a ribozyme sequence.

(30397} Embodiment 69. The recombinant DNA molecule of Embodiment 68, whergin
the 57 nibozyme sequence 1s a hammerhead ribozyme sequence and wherein the 37 riboryme

sequence is a hepatitis delta virus ribozyme sequence.

{60398} Embodiment 70. The recombinant DNA molecule of Embodiment 66 or 67,
wherein the §7 junctional cleavage sequence is a nbozyme sequence and the 37 junctional

cleavage sequence is a restriction enzyme recogniiion seguence.

60399 Embodiment 71. The recombinant DNA molecule of Embodiment 70, wherein
the 57 ribozyme sequence is a hammerhead ribozyvme sequence, a Pistol ribozyme sequence, or

a modified Pistol ribozyme sequence.

{30400} Embodiment 72. The recombinant DNA molecule of Embodiment 70 or 71,
wherein 3’ restriction enzyme recognition sequence is a Type US restriction enzyme
recognition sequence.

[00401 ] Embodiment 73. The recombinant DNA molecule of Embodiment 72, wherein

the Type IIS recognition sequence 13 a Sapl recogrition sequence.

[06402] Embodiment 74. The recombinant DNA molecule of Embodiment 66 or 67,
wherein the 5 junctional cleavage sequence is an RNAseH primer binding sequence and the

3’ junctional cleavage sequence is a restriction enyyme recognition sequence.

{30403} Embodiment 75. A method of producing the recombinant RNA replicon of any
one of Embodiments 1-63, comprising in vitro franscription of the DNA molecule of any one

of Embodiments 66-74 and purification of the resulting recombinani RNA replicon.

00404 Embodiment 76. A composition comprising an effective amount of the
recombinant RNA replicon of any one of Embodiments 1-65, and a camrier suitable for
administration to a mammalian subject.

[33405] Embodiment 77. A vector comprising the recombinant RNA replicon of any

one of Embodiments 1-65.
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60496} Embodiment 78. The vector of Embodiment 77, wherein the vector is a viral
veclor.
{66497} Embodiment 79. The vector of Embodiment 77, wherein the vector is a non-

viral vector.

{60408 Embodiment 80. A particle comprising the recombinant RNA replicon of any
one of Embodiments 1-65.

[B03409] Embodiment 81, The particle of Embodiment 80, wherein the particle 1s selected

trom the group consisting of a nanoparticle, an exosome, a liposome, and a lipoplex.

{604 10] Embodiment 82, The particle of Embodiment 81, wherein the nanoparticle is a
lipid nanoparticle {(LNP) comprising a cationic lipid, one or more helper lipids, and a

phospholipid-polymer conjugate.

f00411} Embodiment 83, The particle of Embodiment 82, wherein the catiome lipid is
selected from DLInDMA, DLin-KC2-DMA, DLin-MC3-DMA (MC3), COATSOME® SS-LC
(former name: S8-18/4PE-13), COATSOME® S8-EC (former name: 88-33/4PE-15),
COATSOME®R 88-0C, COATSOME® 88-0PF, Di{{Z@ynon-2~en-1-v1}9-{(4-
dimethylanino)btanoyhoxy theptadecanediocate  (L-319), or N-(2,3-dioleovioxypropyi)-

NN, N-trimethviammonium chloride {DOTAP).

f00412] Embodiment 84. The particle of Embodiment &2 or 83, wherein the helper lipid
iz selected from 1, 2-distearovi-sn-glveero-3-phosphocholine (RSP 1,2-dilawroyi-sn-
glycero-3-phosphoethanolamine (DLPE); 1,2-disleoyl-sn-glycero-3-phosphocholine (BOPCY;

1,2-digleovi-sn-glvcero-3-phosphoethanolamine (BOPE); and cholesterol.

[20413] Embodiment 85. The particle of Embodiment 82, wherein the cationic lipid is
1,2-dioleoyl-3-trimethylammonium-propane {(DOTAP), and wherein the neutral pid 15 1.2-
Dilauroyl-sn-glycero-3-phosphoethancianine  (DLPE)  or  1,2-Dioleoyl-sn-glycero-3-

phosphoethanolamine {DOPE).

[00414] Embodiment 86. The particle of anv one of Embodiments 82-85, wherein the

PEG-hipid i3 selected from 1, Z-distearovi-sn-glyeero-3-phosphoethanolanine-N-

{amino{polyethyleneglycol)] {DSPE-PEG); 1,2-dipalmitoyl-rac-glycerol
methoxypolvethviene glycol {DPG-PEGY; 1,2-distearoyl-rac-glycero-3-

methvipolvoxyethvlene (DSG-PEG),  1,2-distearoyl-rac-glyeero-3-methyipolyoxyethylene

(DSG-PEG); 1,2-dimynstoyl-rac-glveero-3-methyipolyoxyethylene (DMG-PEG), and 1.2-
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dimyristoyl-rac-glycero-3-methylpolyoxyethylene (BMG-PEG), or 1,2-distearoyl-sn-glycero-

3-phosphoethanclamine-N-famino{polyvethylene ghvcoli} (DSPE-PEG-amine}.

&8

[60415] Embodiment §7. The particle of any one of Embodiments 82-86, wherein the

PEG-lipid is  selected from  1,2-distearovi-sn-glycero-3-phosphoethanclamine-N-

{amino{polvethyvlenegly col}-35G00] {DSPE-PEGSK}; 1.2-dipalmitovi-rac-glycerol
methoxypolyethyiene glycol-2000 (DPG-PEGIK); 1,2-distearoyl-rac-glvcero-3-
methvipoly oxyethylene-5000 (DSG-PEGSK); i.2-distearoyl-rac~-glycero-3-
methyipolyoxvethylene-2000 {DSG-PEG2K): 1,2~-dimyristoyl-rac-glvcero-3-

methyipolyoxyvethyliene-5000 {DMG-PEGSK Y, and 1,2-dimyristoyl-rac-glycero-3-

methylipoly oxyethylene-2000 (DMG-PEG2K).

60416} Embodiment 88, The particle of Embodiment 82, wherein the catiorue lipid
comprises COATSOME® SS-0C, wherein the one or more helper lipids comprise cholesterol
(Chol} and DSPC, and wherein the phospholipid-polymer conjugate comprises DPG-
PEG2000.

(30417} Embodiment 89 The particle of Embodiment 88, wherein the ratio of SS-
OC:.DSPC.Chol DPG-PEG2K (as a percentage of total lipid content) is A/B:C: D, wherein:

a A= 40% - 60%, B = 10% - 25%, € = 20% - 30%, and D = 0% - 3% and
wherein A+B+CHD = 1009%;

b, A = 45% - 30%, B = 20% - 25%, C = 25% ~ 30%, and D3 = 0% - 1% and
wherein A+B+C+D = 100%

c. A= 40% - 60%, B = 10% - 30%, C = 20% - 45%, and D = 0% - 3% and
wherein A+B+C+D = 100%;

d A =40% ~ 60%, B = 10% - 30%, C = 25% - 45%. and D = 0% - 3% and
wherein A+B+C+D = 100%;

e A =45% - 55%, B = 10% - 20%, C = 30% - 40%, and D = 1% - 2% and
wherein A+B+C+D = 1009%;

£ A =45% - 50%, B = 10% - 15%, C = 35% -~ 40%, and D3 = 1% - 2% and
wherein A+B+CHD3 = 100%:;

g A=45% - 65%, B =5% - 20%, C = 20% - 45%, and D = 0% - 3% and

wherein A+B+T+D = 100%,
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he A= 350% -~ 60%, B = 5% - 15%, C = 30% - 45%, and D = 0% - 3% and
wherein A+B+CHD = 100%;
L A=55%-60%, B=25%-15%, C =30% - 40%., and D = 1% - 2% and
wherein A+B+C+D = 100%:
1 A=55%-60%, B=15%-10%, C=30%-35%, and D = 1% - 2% and wherein
A+BHCHD = 100%.
[30418] Embodiment 90. The particle of Embodiment 88, wherein the ratio of §S-
OC.DSPC:Chol: BPG-PEGZK (as a percentage of total lipid content) s
a. about 49:22:28.5:0.5;
b. about 49:11:38.5:1.5; or
c. about 58:7:33.5:L.5.
(66419} Embodiment 91, The particle of Embodiment 88, wherein the ratio of 88-
OC DSPC.Chol DPG-PEGZK (as a percentage of total ipid content} is about 49:22:28.5:0.5.
{60426 Embodiment 92. The particle of Embodiment 82, wherein the cationic lipid is
1,2-dioleoyl-3-trimethylammonium-propane {DOTAP), and wherein the neutral lipid is 1,2-
Dilawrovi-sn-glveero-3-phosphoethanclamine  (DLPE)  or  1,2-Dioleoyl-sn-glvcero-3-
phosphoethanolamine (DOPE).
[00421] Embodiment 93. The particle of Embodiment 82 or 92, further comprising a
PEG-lipid, wherein the PEG-lipid 13 1, 2-Distearoyl-sn-glvcero-3-phosphoethanolamine-
Polv{ethylene glveol} (DSPE-PEG) or 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
{amino{polyethviene glycol)] (DSPE-PEG-amine).
004221 Embodiment 94. The particle of any one of Embodiments 80-93, further
comprising a second recombinant RNA molecule encoding an oncolytic virus.
[303423] Embodiment 95. The particle of Embodiment 94, wherein the oncolvtic virus is
& pICOrnavirgs,
{00424 Embodiment 96, The particle of Embodiment 95, wherein the picornavirus is
selected from a senecavirus, a cardiovirus, and an enterovirus.
{00425} Embodiment 97. The particle of Embodiment 95, wherein the picormavirus is a

Seneca Valley Virus (SVV)
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004261 Embodiment 98. The particle of Embodiment 95, wherein the picormavirus is a
Coxsackievirus.
604271 Embodiment 99. The particle of Embodiment 95, wherein the picornavirus is an

encephalomyocarditis virus (EMCV).

{00428 Embodiment 100. A therapeutic composition comprising a plurality of lipid

nanoparticles according 1o any one of Embodiments §2-99.

(304291 Embodiment 101, The therapeutic composttion of Embodiment 100 wherein the

plurality of LNPs have an average size of about 50 nm to about 120 nm.

{30438} Embodiment 102. The therapeutic composition of Embodiment 100 wherein the

plurality of LNPs have an average size of about 100 nm

[00431] Embodiment 103, The therapeutic composition of any one of Embodiments
100-102, wherein the plurality of LNPs have an average zeta-potential of between about 20
mV to about -20 mV, about 10 mV to about -10 mV . about 5 mV to about -5 mV, or about 20
mV to about -40 mV, =50 mV to about - 20 mV, about -40 mV {0 about -20 mV, or about -30

mVY to aboul -20 mV.

{30432} Embodiment 104, The therapeutic composition of Embodiment 103, wherein
the plurality of LINPs have an average zeta-potendial of about -30 mV, about -31 mV, about -
32 mV, about -33 mV, about -34 mV, about -35 mV, aboui -36 mV, about -37 mV, about -38

mV, about -39 mV, or about ~40 mV.

{00433} Erobodimuent 10S. A method of killing a cancerous cell comprising exposing the
cancerous cell to the particle of any one of Embodiments 80-97, the vector of any one of
Embodiments 77-79, the recombinant RNA replicon of any one of Embodiments 1-65, or

compositions thereof

{30434} Embodiment 106, The method of Embodiment 105, wherein the method is

performed in vive, in vitro, or ex vivo.

00435} Embodiment 107. A method of treating a cancer in a subject comprising
administering o the subject suffering from the cancer an effective amount of the particle of
any one of Embodiments 80-97, the vector of any oue of Embodiments 77-79, the recorabinant

RNA replicon of any one of Embodiments 1-65, or compositions thereof.
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60436} Embodiment 108. The method of Embodiment 107, wherein the particle, the
recombinant RNA replicon, or composition thereof 1s administered intravenously, intranasally,
as an inhalant, or is mjected directly into a tumor.

304371 Embodiment 109. The method of Embodiment 107 or 108, wherem the particle,
the recombinant RNA replicon, or composition thereof is administered fo the subject
repeatedly.

[30438] Embodiment 110, The method of anyv of Embodiments 107-109, wherein the

subject 1s a mouse, a rat, a rabbit, a cat, a dog, a horse, a non-human primate, or a human.

{88439} Embodiment 111, The method of any of Embodiments 107-110, wherein the
cancer is selecied from hung cancer, breast cancer, ovarian cancer, cervical cancer, prostate
cancer, testicular cancer, colorectal cancer, colon cancer, pancreatic cancer {e.g., Castration
resistant neurcendocrine prostate cancer), liver cancer, gasiric cancer, head and neck cancer,
thyroid cancer, malignant glioma, glioblastoma, melanoma, B-cell chronic lymphocytic
leukemia, diffuse large B-cell lvmphoma (DLBCL), sarcoma, a neuroblastoma, a
neuroendocrine cancer, a rhabdomyosarcoma, a medulloblastoma, a bladder cancer, marginal

zone lymphoma (MZL}), Merkel cell carcinoma, and renal cell carcinoma.
[00448] Embodiment 112, The method of Embodiment 111, wherein:

a. the lung cancer is small cell lung cancer or non-small cell lung cancer;

b. the liver cancer is hepalocetiular carcinoma (HCC), and/or

¢. the prostate cancer 1s treatment-emergent neurogndocrine prostate cancer.
{30441} Embodiment 113. The method of Embodiments 111, wherein the cancer is a
neuroendocrine cancer.

3034421 Embodiment 114, A wethod of immumizing a subject against a disease,
comprising administering 1o the subject an effective amount of the particle of any one of
Embodiments 80-97, the vector of anv one of Embodiments 77-79, the recombinant RNA
replicon of any one of Embodiments 1-65, or compositions thereof.

{60443} Ersbodiment 115, The method of Embodiment 114, wherein the particle, the
recombinant RNA  replicon, or composition thereof is admimistered iniravenously,

intramauscularly, intradermally, intranasally, or as an inhalant.
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{00444 Embodiment 116. The method of Embodiment 114 or 115, wherein the particle,
the recorsbinant RNA replicon, or composition thereof is admimstered to the subject

repeatedly.

(304451 Embodiment 117. The method of any one of Embodiments 114 to 116, wherein

the disease is an infectious disease.

[30446] Embodiment 118, The method of Embodiment 117, wherein the infectious
disease is caused by one of the pathogens comprising Dengue virus, Chikungunva virus,
Mycobacterium tuberculosis, Human immumodeficiency virus, SARS-CoV-2, Coronavirus,
Hepatitis B virus, Togaviridae family virns, Flavivinidae famuly virus, Influenza A virus,

Influenza B virus and a velerinary virus.

664471 Embodiment 119, A recombinant RNA replicon comprising a picomavirus

genome and a heterologous polynuciestide.

f03448] Embodiment 120. The recombinant RINA replicon of Embodiment 119, wherein
the heterologous polynucleotide is inserted between a ZA coding region and a 2B coding

©egion,

o

{00449] Embodiment 121, The recombinant RNA replicon of Embodiment 119, wherein

the heterologous polynuclestide is inserted between a 5° UTR and a 2ZA coding region.

f00458] Embodiment 122. The recombinant RNA replicon of Embodiment 119, wherein

the heterologous polynuclectide is inserted between a 3D coding region and 2 3° UTR.

{36451} Erobodiroent 123. The recornbinant RNA replicon of any one of Embodiments
119-122, wherein the picornavirus is selected from a senecavirus, a cardiovirus, and an

enterovirus.

EXAMPLES
[30452] The following examples are given for the purpose of illustrating various
embodiments of the disclosure and are not meant to limit the present disclosure in any fashion.
The present examples; along with the methods deseribed herein are presenily representative of
preferred embodiments; are exemplary; and are not intended as limitations on the scope of the
disclosure. Changes therein and other uses which are encompassed within the spirit of the

disclosure as defined by the scope of the claims will occur to those skilled in the art.
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Example 1: Insertion of heterologous polynuclestide reduces SVYVY viral replication

[60453] Experiments were performed to assess the ability of viral replication of Seneca
Valley Virus (SVV) with heterologous polynucieotides of varying lengths inseried inio the
viral genorse (Table 18). Briefly, NCI-HI299 cells were transfected with 0.015 pmol of
plasmid encoding the recombinant SVV viral genome on Day 1. Cells were harvested and
supernatant were filtered to collect viruses on Day 4. On Day 3, NCI-H446 cells were infected
with the collected viruses and CTG assay was performed to estimate viral replication rate. The
resulis are shown in FIG. 2 and Table 15, Insertion of the heterologous polynucleotides caused

reduction of viral replication rate.

Table 15, Viral Replication of SYV Comprising Heterologous Polynucleotides

Construct Payload Size (bp) ¥C56
BY-SVV-wt n/a R (3E-09
BY-SVV-mCherty 702 1.09E-(6
BV-SVV-nLuc 513 2.36E-05
BY-SVV-mCXCL10 294 8.55E-05
BV-SVV-m sclL12 1629 4 43E-01
BV-SVV-mFAP-CD3-BITE 1518 1.80E+00
BY-SVV-mGMCSF 423 1.90E+00

Example 2: Identification of SVV cis-acting replication element (CRE ) within VP2 region

[B8454] Experiments were performed to assess whether deletions/truncations within the
viral genome region encoding one or more VP proteins affect SVV viral replication. SVV
derived recombinant RNA replicons comprising an mCherry reporter gene and deletions and/or
truncations in the regions encoding VP proteins were generated according to Table 16 and
FIG. 3A. Corresponding recombinant RNA replicons were generated via in vitro T7
transcription. NCE-H1299 cells were transfected with the resultant RNA, and mCherry
expression were evaluated 24 howrs after the transfection. The results showed that deletions
between 1599bp -~ 3478bp has nunimal effect on SVV viral replication, whereas a deletion of
the nuclectides between 11 16bp ~ 1599bp (within the VP2 coding region} greatly reduced SYV
viral replication (FIG. 3B} Therefore, a cis-acting replication element (or at least a part of the

cis-acting replication element) is present between 1116bp — 159%bp of SVV viral genome.
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Table 16. SVV Replicens with Deletion in the VP Coding Region

Replicon (?5;%1322;} SE&SZ&?@;?;:;? A Deletion | Replicon Lengih

SVVmCh 20 19 O bp g.0kb
Truncl 22 21 1011 bp 7.1kb
Truncd 28 27 1554 bp 6.5kb
Trunc2 24 23 1795 bp 6.3kb
Truncs 30 29 1878 bp 6.2 kb
Truncd 32 31 2362 bp S.7kb
Tranc? 34 33 2812 bp 53kb
Trunc3 26 25 3478 bp 4 6kb

Esample 3: TruncS Replicon is trans-encapsidated by SVVwi with minimal efficacy loss

[60455] Experiments were performed 1o assess whether TrumeS replicon can retain
efficacy after trans-encapsidation by wildivpe SVV and defermune fitness cost to wildivpe
SVV. Brefly, TruncS replicon and/or wildivpe SVV viral genome were linearized with Notl
restriction enzyme and in vifro iranscribed (IVT) with the HiScribe T7 RNA Svnthesis Kit
(NEB). NCE-H1299 cells were co-transtected with 0.5 or 1 ug of each or both resultant RNA
molecules using Lipofectarsine RNAWMax (Tovitrogen). At 48 hours post transfection the
supernatant was collected and filtered through a2 0.45 um filier. 100 ol of the filtered supernatant
was transferred onto a fresh monolayer of H1299 cells and expression of mCherry was
observed at 24 hours post infection (FIG. 4A). Expression of mCherry was detected after co-
transfection with SYVwt but not after transfection with replicon alone, demonstrating that
TrancS was trans-encapsidated. Viral titer from filtered supernatants from SVVwt transfection
versus SVVwi and Trunc5-SVV replicon co-transfection were compared using an IC50 assay
performed i NCI-H446 cells (FIG. 4B). Co-transfection of SVVwi with Truncs results in

minimal reduction of viral titer.
Example 4: Trunci{ Maintains CRE and Maximizes Payicad Capacity

{60456 Further experiments were performed to narrow down the location of CRE and
analvze the length of tolerable deletion within the SVV VP coding regions. SVV derived
recombinant RNA replicons comprising an mCherry reporter gene and deletions and/or
truncations in the regions encoding VP proteins were generated according to Table 17 and
FIG. SA. Experiments were performed according o the protocol described in Example 2. FIG.

5B shows the RNA molecules generated via n vitre T7 RNA svuthesis, and FIG., 8C shows
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mCherry signal of various replicon. The results showed that a deletion between 1260bp -

3478bp {Trunc10 replicon) has minimal impact on SVV viral replication.

Table 17, SVV Replicons with Deletion in the VP Coding Region

Replicen SEQIDN G:‘ SEQ ID NG: (fer DNA Deletion Replicon
{for Replicon) vector templates) Length
SVVmCh 20 i9 0 bp 8.0 kb
Tranch 3 29 1§78 bp 6.2 kb
Truncd 32 31 2362 bp 5.7 kb
Trunc8 36 35 2071 bp 6.0kb
TrunelO 38 37 2218 bp 58kb

Example 5: SVV replicons with single paylead are replication and trans-encapsidation

competent

{30457} Replicons were construcied for in-vitro and in-vivo testing of competency
(FIGs 6A-6B). Various payioads {mChesry, nano-Luciferase, or ¢GFP) were inserted inio the
replicon as shown in FIG. 6B, and the resultant replicons were tested according to protocols in
Examples 2-4. The result showed that all these replicons are replication and frans-encapsidation

competent.
Esample 6: SVV-Truncid replicon with murine IL-2 payload

{60458} Experiments were conducted to test the expression of murine 1L-2 payload
protein via the SVV-TrunciQ replicon. FIG. 7A shows the coustruction of SVV-replicon
Truncif carrying a transgene encoding murine 1L-2 pavioad. The replicon and SVV-mCherty
templates were linearized with Notl restriction enryme and in vitro transcribed (JVT) with the
HiScribe T7 RNA Synthesis Kit (NEB). H1299 cells were transfected using Lipofectamine
RNAiMax (Invitrogen) with 1 ug of Replicon RNA or lug of Replicon RNA plus lug
SVVmCherrv. At 48 hours post transfection the supernatant was collected and filtered through
a 0.45 umn filter and RNA was collected in QIAzol {(Qiagen). 100 ul of the filtered supernatant
was transferred onto a fresh monolaver of H1299 cells and supermnatant was collected at 48
hours post infection. Expression of murine {L-2 was detected with a miL-2 ELISA (R&D)
(FIG. 7B). In addition, viral RNA was isolated and analyzed with a positive and negative strand

specific tagroan assay (FYG. 7€), The results showed that the SYV-Truncl 0-mll-2 replicon
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expresses and secretes miL-2 after transfection and trans-encapsidation, and is competent for

positive and negative strand viral RNA svnthesis.
Example 7: SVV-Truncid replicon with single chain miEL~12 payload

60459} Experiments were conducted to test the expression of single cham milL-12
{scmll-~12) payload protemn via the SVV-Truncl0 replicon. FEG. 8A depicts the consiruction
of SVV-replicon Trunc10 carrying a transgene encoding single chain miL-12 (semil~12}, with
and without a signal sequence. The replicon and SVV-mCherry templates were linearized with
Notl restriction enzymoe and in vifro transenbed (JVT) with the HiScribe T7 RNA Synthesis
Kit (NEB). H1299 cells were transfected using Lipofectamine RNAiMax (Invitrogen) with 1
ug of Replicon RNA or lug of Replicon RNA plus lug SVVmCherry. At 48 howurs post
transfection the supernatant was collected and filtered through a .45 um filter and RNA was
coliected in (QlAzol (Qiagen). 100 wl of the filtered supernatant was transferred onto a fresh
monolayer of H1299 cells and supernatant was collected at 48 hours post infection. RNA was
isolated and analyzed with a postiive and negative strand specific tagman assay (FIG. 8B),
which showed that the rephicons are competent {or positive and negative strand viral RNA
synthesis, and pavioad secretion is not correlated with positive or negative viral RINA synthesis.
Expression of murine 1L-12 was detected with a miL-2 ELISA (R&D) (FIG. 8C), which
showed that the TrunclO-scoL-12 replicon expressed and secreted miL-12 after transfection

and trans~encapsidation. Deletion of the signal sequence reduced 11-12 secretion. Overall, the

for positive and negative strand viral RNA synthesis, however the intact signal sequence

facilitates expression and secretion of miL-12 after transfection and travs-encapsidation.
Example 8: SVV-Truncl8-hiL-36v replicon

{30460} Experiments were conducted to test the expression of human IL-36y payload
protein via the SVV-TrunclO replicon. FIG. 9A depicts the construction of SVV-replicon
TrunciQ carrying a transgene encoding human 1L-36y, with the native signal sequence or with
the 1.2 signal sequence. The replicon and SVV-mCherry templates were linearized with Notl
restriction enzyme and 1 vifro transcribed (JVT) with the HiScribe T7 RNA Synthesis Kit
(NEB). H1299 cells were transfected using Lipofectamine RNAIMax (Invitrogen) with T ug of
Replicon RNA or tug of Replicon RNA plus Tug SVVmCherry. At 48 hours post transfection

the supernatant was collected and filtered through a 0.43 um filier and RNA was collected in
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QlAzol reagent ({Jtagen). 100 ul of the filtered supernatant was transferred onto a fresh
monolaver of H1299 celis and sapernatant was collected at 48 hours post infection. Expression
of hiL-36y was detected with an hil-36y ELISA (R&D). Both replicons express and secrete
hiL-36y after transfection and {rans-encapsidation, and addition of the IL-2 signal sequence
does not improve expression or secretion {FIG, 98) RNA was isolated and analyzed with a
posttive and negative strand specific fagman assay. The results (FIG. 9C) showed that both
replicons are competent for positive and negative strand viral RNA synthesis. Overall, the
resulis demonstrated that the SVV-Troncl0-hiL-36y and SVV-Trunc10-IL2ss-hIL-36y-185
replicons express and secrete hiL-36y after transfection and trans-encapsidation, and are

competent for posttive and negative strand viral RNA synthesis.
Example 9: Second IRES in dicistrenic replicons does not improve replicon function

{30461 ] FIG. 10A depicts construction of dicistronic replicons incorporated with a
second encephalomyocarditis virus (EMCV) IRES downstream of a single payload. The effect
of the second IRES on replicon function improvement were tested. The replicon and SVV-
mCherty templates were linearized with Notl restriction enzyme and iz vifro transcribed (VT
with the HiScribe T7 BRNA Synthesis Kit (NEB) HiI1299 cells were fransfected using
Lipofectamine RNAiMax (Invitrogen) with 1 ug of Replicon RNA or Tug SVVmCherry. At
48 hours post transfection RNA was collected with QlAzol {((Qiagen). RNA was isolated and
analyzed with a positive and negative strand specific tagman assayv (FIG. 18B). The results
showed that negative strand synithesis of the replicon was impaired by the addition of the
second ECMV IRES, and incorporation of a second IRES downsiream of the hDLL3-BIiTE or

mlL-2 payloads did not iraprove viral RNA syuthesis.

Example 10: Muoltiple furinT2A sites ave not effective for payload expression in

dicistronic dual payload replicons

60462} FIG., 11A depicts construction of dicistromic dual pavicad replicons
incorporated with a second encephalomyocarditis virus (EMCV) IRES downstream of multiple
pavloads separated by a furin-T2A site between the first payload and the second payload
(eGFP}. The replicon and SVV-mCherry templates were linearized with Notl resiriction
enrvme and in visro transcribed (IVT) with the HiScribe T7 RNA Synthesis Kit (NEB}. H1299
cells were transfected using Lipofectamine RNAIMax (Invitrogen) with 1 ug of Replicon RNA

or lug of replicon RNA plus Tug SVVmCherry. At 48 houwrs post transfection cells were
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observed for GFP expression and the supernatant from co-transfection of replicon and
SVVmCherry was collected and filtered through a 0.45 um filter. 100 W of the {iltered
supernatant was transferred onto a fresh monolayer of H1299 cells and cells were examived
for mCherry and GFP expression 24 hours post infection (FEG. 118} Mintmal expression of
GFP was detected after transfection of either Truncl0-hDLL3-BiTE-GFP-eIRES or Trunci0-
miL2-GFP-eIRES or after trans-encapsudation, imdicating that the dicistronic replicon has

tmpaired expression of the second paylioad.

Example 11: Dual paviead replicon with second paylead incorporated at the 3’ end of the

replicon is not efficient for rveplication

60463} FIG. 12A depicts construction of a dual pavioad replicon incorporated with a
second payvioad at the 37 end of the replicon between the RdRp and the 3’UTR. The replicon
and SVV-mCherry templates were linearized with Notl restriction enzyme and in vio
transcribed (AVT) with the HiScribe T7 RNA Synthesis Kit (NEB). H1299 cells were
transfected using Lipofectamine RNAiMax (Invitrogen) with 1 ug of Replicon RNA or Tug of
Replicon RNA plus Tug SYVmCherry. At 48 hours post transfection the supematant was
collected and filtered through a 0.45 um filter and RNA was collecied in QIAzol reagent
{Qiagen}. 100 ul of the filtered supernatant was transferred onto a fresh monolayer of H1299
celis and supernatant was collected at 48 hours post infeciion. Expression of hiL-36y was
detected with an hiL-36y ELISA (R&D3). The replicon secreted less than 2 pg/miL of KIL-36
after transfection and the hIL-36 secretion was not detectable after trans-encapsidation (FIG.
12B). RNA wag isolated and analyzed with a positive and negative strand specific tagman
assay, which showed that the replicon was defective for positive and vegative strand viral RNA
synthesis (FIG, 12C) The results demonstrated that payvload insertion at the 3° end resuits in
verv low expression of IL-36y after transfection, inhibiis trans-encapsidation, and reduces

positive and negative strand synthesis.
Esxample 12: Expression of 1DLT176-MTTI0-DLL3-VHH-CUD3 using Truncld replicon

{00464 Single pavioad replicon for expression of his-tagged 1DLT176-MTT10-DLL3-
VHH-CD3 LiTE was constructed. The replicon and SVV-mCherry templates were linearized
with Notl restriction enzyme and in viiro transcribed (JVT) with the HiScribe T7 RNA
Synthesis Kit (NEB). HI299 cells were transfected using Lipofectamine RNAiMax

{(Invitrogen} with | ug of Replicon RNA or Tug of Replicon RNA plus lug SVVmCherry. At

162



WO 2021/243172 PCT/US2021/034787

48 howrs post transfection the supernatant was collected and filtered through a (.45 um filter
and RNA was collected in QIAzol reagent ((agen). 100 ol of the filtered supernatant was
transterred onto a fresh monolayer of H1299 cells and supematant was collected at 48 hours
post infection. Expression of his-tagged 1DLTI76-MTTI10-DLL3-VHH-CD3 LiTE was
detected with an anti-His western blot. Specific bands correlated with LiTE expression were
wmdicated with an arrow and detected m supernatant of transfected and trans-encapsidated
samples (FI{z, 13A4). RNA 15 isolated and analyzed with a positive and negative strand specific
tagman assay (FIG. 13B). The results suggested that the TronclO-1DLTI76-MTT10-DLL3-
VHH-CD3 replicon is competent for LiTE pavioad expression, and for positive and negative

strand viral RNA synthesis.

Example 13: Expression of yrDLL3-eCD3-H/L-BITE and T10-rDLL3-cCD3-L/H-BITE

using TrunciQ replicon

[30465] Single pavioad replicons for expression of his-tagged rDLL3-0CD3-BiTE were
consirucied. The H/L is orienied with heavy chain followed by light chain, while the reverse is
true for L/H. A The replicon and SV V-mCherry teroplates were linearized with Notl restriction
enzyme and in vitro transcribed (IVT) with the HiScribe T7 RNA Synthesis Kit (NEB). H1299
celis were transfected nsing Lipofectamine RNAiMax (Invitrogen} with 1 ug of Replicon RNA
or tug of Replicon RNA plus Tug SVVmCherry. At 48 hours post transfection the supernatant
was collected and filtered through a 0.45 um filter and RNA was collected in QIAzol reagent
(Qiagen). 100 ul of the filtered supernatant was transferred onto a fresh monolayver of H1299
cells and supematant was collected at 48 hours post infection. Expression of his-tagged rDLL3-
aCD3-BiTE was detected with an anti-His western blot (FIG, 14A). Speaific bands correlated
with LiTE expression is indicated with an arrow and detected in supernatant of transfected and
trans-encapsidated samples. RNA was isolated and analy zed with a positive and negative strand
specific tagman assay (FEG. 14B). The results demonstrated that both of the Trunc10-rDLL3-~
alD3 BITE expressing replicons are conpetent for BiTE payload expression, trans-
encapsidation, and for positive and negative strand viral RNA synthesis. The orientation of

heavy and light chain does not affect rephicon function.
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Example 14: Alternate cleavage peptides for expressing multiple payioads using Truncif

replicon

[60466] Trunci0 replicon comprising aliemate cleavage peptides (3C, or firin-3C, or
furinT2A) between his-tagged mFAP and CXCL10 were coustructed to test whether any of
these alternative cleavage peptides enables efficient expression of multiple payloads from a
single replicon (FIG. 154 and SEQ 1D NQOs: 40, 42, 44}, The replicon templates (SEQ 1D NQs:
39, 41, 43) and SVV-mCherry teruplates were hinearized with Notf restriction enzyme and in
vitro transcribed (JV'T) with the HiScribe T7 RNA Synthesis Kit (NEB). H1299 cells were
transfected using Lipofectamine RNAiMax (Invitrogen} with 1 ug of Replicon RNA or Tug of
Replicon RNA plus lug 8VVmCherryv. At 48 hours post transfection the supematant was
collected and filtered through a 0.45 um filter and RNA was collected 10 QlAzol reagent
{Qragen). 100 ol of the filtered supernatant was transferred onto a fresh monolayer of H1299
cells and supematant was collected at 48 hours post infection. Expression of CXCLIO was
analvzed with a CXCL1I0 specific ELISA (R&D). Expression of CXCLI0 was vot detected
after transfection or trans-encapsidation (F1G, 15B) RNA is isolated and analvzed with a
positive and negative strand specific tagman assay (FIG. 18C), which showed that all these
replicons are deficient for positive and negative strand viral RNA synthesis. Therefore,
compared to the original furinT2A site, 3C, fT2A aond {urin3C cleavage sites do not promote

dual pavioad expression or negative or positive strand synthesis.

{30467} TrunclO replicon comprising aliernate cleavage peptides {T2A, P2ZA, F2A, or
E2A) between his-tagged mFAP and CXCLI0 were constructed 1o test whether any of these
alternative cleavage peptides enables efficient expression of multiple pavioads from a single
rephicon (FIG. 16A and SEQ 1D NQOs: 48, 50, 52, 54). The replicon templates (SEQ 1D NQs:
47, 49, 51, 53} and SVV-mCherry template were linearized with Noti restriction enzyme and
in vitro transcribed (IVT) with the HiScribe T7 RNA Synthesis Kit (NEB). H1299 cells were
transfected using Lipofectamine RWNAiMax (Invitrogen) with 1 ug of Replicon RNA or lug of
Replicon RNA plus lug SVVmCherry. At 48 howrs post transfection the supematant was
collected and filtered through a 0.45 um filler and RNA is collected in QlAzol reagent
{hagen}. 100 ul of the filtered supernatant was transferred onto a fresh monolayer of H1299
cells and supematant was collected at 48 hours post infection. Expression of CXCL10 was
examined with a CXCL10 specific ELISA (R&D) (FIG. 168), which showed that expression
of CXCL10 18 enhanced fromthe T2ZA, P2A, F2A, and EZA replicons compared to the furin-

T2A replicon, but CXCL10 expression 15 not detected after trans-encapsidation. RNA is
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isolated and analyzed with a positive and negative strand specific tagman assay (FIG. 16C),
which showed that all replicons are competent for positive and negative sirand viral RNA

synthesis which is improved compared to the firin-T2 A replicon.

Example 15: An IGSF1 internal domain linker with a N ferminal furin site allows

secretion of 2 polypeptides from a single OR¥F

[30468] An IGSFT internal domain linker with an N terminal furin site was tested as the
cleavage polypeptide for expression of multiple payloads from a single replicon. A host IGSF1
mediated processing linker was destgned to enable expression and secretion of 2 pavloads from
the same open reading frame (ORF). The human IGSF1 protein contains a transmembrane
domain and a tandem signal sequence / signal peptidase site to facilitate secretion of a second
secreted payload.  On the N-terminus of the IGSFT linker a 2x {urin cleavage sites were
included for ER processing of both peptides and to assure release of the N-termunal payload.
in this example the N-terminal payload molecule is murine IL-12 and the C-terminal payload
molecule is IL-36vamma within the ORF {(FIG. 174 and SEQ ID NO: 60). The ORF was

mserted mto Truncl0 replicon for test.

[60469] The replicon template (SEQ ID NO: 39) and SVV-mCherrv template were
linearized with Not resiriction enzyme and irn vifro transcribed (JVT) with the HiScribe T7
RMNA Synthesis Kit (NEB}). H1299 cells were transfected using Lipofectamine RNAiMax
(Invitrogen) with 1 ug of Replicon RNA or lug of Replicon RNA plus 1ug SVVmCherry. At
48 hours post transfection the supernatant was coliected and filtered through a 0.45 um filter
and RNA was collected in QlAzol reagent {Qiagen). 100 ul of the filtered supernatant was
transferred onto a {resh monolayer of H1299 cells and supematant was collected at 48 hours
post infection. Expression of human TL-36y and murine 11-2 are detected with hiL-36y and
miL-2 ELISAs (R&D). Expression of both pavicads is detected after transfection and trans-
encapsidation {TE) (FIGs, 178-17C). RNA 15 isolated and analyzed with a postiive and
negative strand specific tagroan assay (FIG. 178), which showed that all replicons are
competent for positive and negative strand viral RNA synthesis and replicate comparably to a
single pavioad GFP replicon. Overall, the results demonsirated a successfidl sirategy of using
IGSF1 mediated processing to cleave between 1L.2 and 136 which enables expression of both
payloads from a single replicon. Both 1136 and 1L.2 were expressed afier transfection and trans-
encapsidation. Positive and negative strand RNA synthesis is equivalent to the T10-eGFP

replicon.
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Example 16: HIV-protease-mediated proteslysis enhances payvicad expression of two

payloads
(60474} FIG. 184 depicts schematic for HIV-1 protease mediated processing of two

secreted pavloads in the same open reading frame. Two pavioads are separated by either a
linked dimer or monomer of HIV-1 protease and flanking HIV protease cleavage (PR) sites. In
this example the N-terminal payload molecule is murine IL-12 and the C-terminal payload
maolecule is TL-36y within the ORF. The ORF was inserted nto Trunc10 replicon for test (SEQ
ID NOs: 56, 38). The replicon templates (SEQ 1D NG: 35, 57) and SVV-mCherrv template
were linearized with Notl restriction enzyme and in vitro transcribed (IVT) with the HiScribe
T7 RNA Svnthesis Kit (NEB). H1299 cells were transfected using Lipofectamnine RNAiMax
(Invitrogen) with 1 pg of Replicon RNA or Tug of Replicon RNA plus | ug SVVmCherry. At
48 hours post transfection the supernatant was collected and filtered through a 0.45 am f{iiter
and RNA i3 collected in QIAzol reagent (Qiagen). 100 ul of the filiered supernatant is
transferred onto a fresh mounolayer of H1299 cells and supernatant 1s collected at 48 hours post
infection. RNA was isolated and analyzed with a positive and negative strand specific tagman
assay {(FIG. 18B), which showed that all replicons were competent for positive and negative
strand viral RNA synthesis and replicate comparably to a single payioad GFP replicon
Expression of huwan IL-36y and murine 1L-2 were detected with hiL-36y and mwil-2 ELISAs
(R&D). Expression of both payloads was detected after transfection and trans-encapsidation
(FEG. 18C). Overall, these results demonsirated that a single copy of the HIV-protease enables
efficient expression of both payvloads from a single replicon, and ¥L-36y and L2 were
successtully expressed after transfection and trans-encapsidation. Positive and negative strand
RMA synthests is equivalent to the Trunc10-eGFP replicon. (verall, these results demonstrated

that HIV-protease enables of dual payloads from a single ORF.

{60471} F1G. 19A depicts a dual payload replicon T10-BiTE-RL-36y, which comprises
a monomeric HIV-1 protease and flanking protease cleavage sites between his-tagged hDLL3-
BIiTE and human IL-36y, which was tested for expression of two pavioads from a single
TrunclO based replicon. The replicon and SVV-mCherry templates were hinearized with Notl
restriction enzyme and in vitro transcribed (IVT) with the HiScribe T7 RNA Synthesis Kit
(NEB). H1299 cells were transfected using Lipofectamine RNAiMax (Invitrogen) with 1 ug
of Replicon RMNA or fug of Replicon RNA plus 1pg SVVmCherry. At 48 hours post
transtection the supernatant was collected and filtered through a 0.45 urm filter and RNA was

coliected in QlAzol reagent ((Qiagen). 100 ul of the filtered supernatant was transferred onto a
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fresh monolayer of H1299 cells and supernatant was collected at 48 hours post infection.
Expression of human 1L-36y was examined with hiL-36y ELISA (R&D). Expression of hiL-
36y was detected after both transfection and trans-encapsidation (FIG. 19B). RNA was isolated
and analyzed with a positive and negative strand specific tagman assay (FI1G. 19C), which
showed that all replicons were competent for positive and negative strand viral RNA synthesis.
Overall, these results demonsirated that a single copy of the HIV-protease enables expression
hiL-36 from a dual pavload replicon after transfection and trans-encapsidation. Positive and

negative strand RNA synthesis is reduced compared to the T10-eGFP replicon.
Example 17: BIV-protease-mediated expression of triple pavioads from a single replicon

{60472} FiG. 28A depicts a iriple pavioad replicon T10-BiTE-IL3g6-1L2, which
comprises a monomeric HIV-1 protease and flanking protease cleavage sites between his-
tagged hDLL3-BiTE, human IL-36y, and murine fL-2, which was tested for expression of three
payloads from a single replicon Truncl0 (T10). The replicon and SVV-mCherry templates
were linearized with Notl restriction enzyme and in vitro transeribed (AVT) with the HiScribe
T7 RNA Svynthesis Kit (NEB). Hi299 cells were transfected using Lipofectamine RNAiMax
{Invitrogen) with Tug of Replicon RNA or 1 ug of Replicon RNA plus lug SVVmCherry. At
48 hours post transfection the supernatant was collected and filtered through a .45 um filter
and RNA was collected in QTAzol reagent {Qiagen). 100 uL of the filiered supernatant was
transferred onto a fresh monolaver of H1299 cells and supervatant is collected at 48 hours post
infection. Expression of human IL-36y and murnne IL-2 were examined with hiL-36y or miL-
2 specific ELISA (R&D). Expression of hiL-36 was not detected after transfection and trans-
encapsidation, and low expression of mil-2 was detected after transfection and
transencapsidation (FEG, 20B). RNA was isolated and analvred with a positive and negative
sirand specific tagman assay {(FIG. 20C). which showed that all replicons are competent for
positive and negative strand viral RNA synthesis, but the ability is reduced compared to the

single payload replicon.

[60473] FIG. 21A depicts an alternative design of triple payload replicon T10-miL2-
BiTE-hiL-36y, which places IL-2 coding region bafore the other two paviead coding regions,
and uses a monomeric HIV-1 protease and flanking protease cleavage sites between murine
IL-2, his-tagged hBLL3-BITE, and human 1L-36y. The construct was {ested for expression of
three pavloads from a single replicon following the same protocol as above. Exprassion of hik-

36 was detected after transfection, bui s expression level was reduced after trans-
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encapsidation (TE). Low expression of mib-2 was detected after transfection and
transencapsidation in the lysate but it was not secreted into the supernatant (FIG, 21B). RNA
is isolated and analvzed with a positive and negative strand specific tagman assay (FIG, 21(0),
which showed that all replicons are competent for positive and negative strand viral RNA

synthesis.

04741 FIG. 22A depicts another design of triple pavioad replicon T10-miL2-hIL-36y-
BiTE, which places the hDLL3-BiTE as the last payvload, and comprises a roonomeric HIV-1
protease and flanking protease cleavage sites between murnine 1L-2, human 1L-36v, and his-
tagged hDLL3-BiTE. The construct was tested for expression of three payloads from a single
replicon following the same protocol as above. RNA was isolated and analyzed with a positive
and negative strand specific tagman assay (FIG. 228), which showed that all replicons were
competent {or positive and negative strand viral RNA synthesis. Expression of hilL-36 and
miL-2 were detected after transfection but not after trans-encapsidation, and higher expression
of mil.~2 is detected in the lysate relative to the supematant (FIG. 22C). Overall, the results
showed that from the triple payload replicon Ti0-miL2-hiL36-BiTE BiTE, expression of hil-
36 and miL-2 can be detected in supernatant and lysate at low fevels after transfection but not
after trans-encapsidation, and positive and negative strand synthesis is shightly lower than T10-

eGFP.
Example 18: In vivo Studies of Payload Expression using SYV-derived RNA Replicon

[30475] Pavioad expression using SVV-derived replicons was tested inn animal models.

304761 Athymic nude female mice were implanted with NCI-H69 calis (8x10° calis/0.1
mL ina 1 maxture of serum-free PBS and Matrigel®) subcutaneously in the right flank. When
median turnor size reached approximately 150 nun’ (120-180 nun’ range), mice were coborted
in groups of 3 mice per treatment arm. In one treatment arm, nuce were freated with a nuxture
of lipid nanoparticles (LNPs} that encapsulate either a wildtype SYV RNA viral genome (SVV-
WT) or SVV-Truncl0-hIL-36y RNA replicon {as described in Example 8) via itratumoral
admirstration. In the control arm, mice were treated with a nuxture of LNPs that encapsulate
the wildtype SVV RNA viral genome and an SVV-negative control RNA (SVV-Neg) via
witratumoral administration. Tomor samples were collected after 48 hrs, 72 hrs, and 6 days post
dosing, saruple tissues were pulverized, and turor lysate was prepared. [L-36vy expression level
was determined by ELISA. The results are shown in FI1G. 23A. Expression of human IL-36y

was detected in tumor samples 48 and 72 hrs post dosing.
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{60477} in another set of experiments, athymic nude female mice were tmplanted with
NCI-H446 cells (Sx10° cells/@ 1 mL in a 1:1 mixture of serum-free PBS and Matrigel®)
subcutaneously in the right flank. When median tumor size reached approximately 150 mumn’
(120-180 mm’ range}, mice were cohorted in groups of 3 mice per {reatment arm. In one
treatment arm, mice were treated with a muxture of lipid nanoparticles (LNPs) that encapsulate
a wildtype SVV RNA viral genome (SYV-WT) and an SVV-replicon RNA that encodes human
IL-36y (R-1L36g}) via intratumoral administration. In the control arm, nice were treated with a
mixture of ENPs that encapsulate the wild type SVV RNA viral genome and an SVV-negative
control RNA (8VV-Neg) via intratumoral admimstration. Tumor samples were collected after
48 brs, 72 birs, and 7 days post dosing, sample fissues were pulverized, and tumor lysate was
prepared. 1L-36y expression level was determined by ELISA. The results are shown in FIG,

23B. Expression of human JL-36y was detected in tumor samples 48 and 72 hrs post dosing.

Example 19: Construction of a Coxsackieviras A21 replicon and payiead expression from

the same

[B0478] As shown in FIG, 24, a CVAZI-Rephicon {(SEQ ID NG: 62) was created by
removing the VP structiral proteins (VP1, VP2, VP3) and replacing them with the fluorescent
protein mCherry ORF flanked by 2ZA protease sites. The replicon can be produced using the

DNA vector template according to SEQ ID NO: 61

0604791 The CVAZ1-Replicon comprising mCherry payload was tested for expression
of payload. Ix10°S WNCE-H1299 cells in a six well plate were transtected using RNAIMAX
reagent with 500ng GFP mRNA alone (Transfection control}, in equal molar ratio with
CYAZI-WTRNA (Conirol 2}, or in equal molar ratio with CVA21-Replicon RNA (FIG. 284).
The transfection control showed the maximurm transfection efficiency of the H1299 cells.
Control 2 showed that the GFP signal was partially inhibited by transfection with CVA21-
mRNA. The CVAZI-Replicon displays mCherry signal throughout matching that of the
transfection countrol showing very efficient travsfection and high expression. Therefore,

UV A21 Replicon RNA is capable of expressing payload protein in NCI-H1299 celis.

[{20480] Next, experiments were performed to determing whether CVA21 mCherry
rephicons can be trans-encapsidate o the presence of WT CVA2Y virus. Ix107°5 NCI-H1299
cells in a six well plate were transfected using RNAIMAX reagent with 500ng with CVAZ1-
Replicon RNA alone {Negative control), or with 500ng CVAZ1-WT RNA 48h post

transfection supernatants werse collected, spun down, filtered through 45uM and then 100uL
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was used to infect a new 12 well plate well of (Ix10"5 cells) H1299 cells. Strong infection and
mCherry signal was seen in the well infected with the RepliconWT virus supernatant
suggesting successful encapsidation of the mCherry replicon by WT-RNA produced capsids,
whereas the negative conirol which lacks the CVAZI-WT shows no mCherry signal (FIG.
25B). Overall, these results demonstrated that CVAZ21 replicons carrying pavicad can be

successfully trans-encapsidated 1n the presence of wildtype CVA21 virus,

Example 20: In vivo efficacy of lipid naneparticles comprising SVV derived recombinant

RNA replicons and RNA molecules encoding SVV viral genome for lung cancer treatment

{60431} Various Seneca Valley virus (SVV) derived recombinant RNA replicons are
constructed. These recombinant RNA replicons comprise a heterologous polvnucleotide
encoding one or more immunomodulatory proteins (e.g., anti-DLL3 Bi-specific T-cell engager
(BITE)). Some of these recombinant RNA replicons further comprise coding regions for one
or more ¢ytokines {e.g., IL-2, 1L-12, IL-36y) and/or one or more chemokines {e.g., CCL21,

CCLA4). Some of the SVV derived RNA replicons comprise coding regions of one or more

payload molecules according to the following Table 18:

Table 18, Payload Molecules for SVV derived Replicon

SVY derived Replicon

Payload Molecules

Replicon Constructf Al

anti-DLL3 BiTE, 1L-2

Replicon Constructf AZ:

amti-DLL3 BiTE 1L-12

Replicon ConstructH# A3:

anti-DLL3 BiTE, 1L-36y

Replicon Construct# Ad:

anti-DLL3 BiTE, CCL21

Replicon Constructf AS:

anti-DLL3 BiTE, CCL4

Replicon Constructf AG:

anti-DLL3 BiTE, 1L-2, 1L-12

Replicon Construct#A7:

anti-DLL3 BiTE, 1L-2, 1L-36y

Replicon Construct# A8:

anti-DLL3 BiTE, 1L-2, CCL21

anti-DLL3 BiTE, IL-2, CCL4

Replicon Construct# A10:

anti-DLL3 BiTE, 1L-12, [L-36y

i
i
Replicon Construct#A9;
]
1

Replicon Constructf A1

anti-DLL3 BiTE, 1L-12, CCL21

Replicon Construct#A12:

anti-DEL3 BiTE, IL-12, CCL4

Replicon Construct# A13:

anti-DEL3 BiTE, 1L-36y, CCL21

Replicon Construct# A14:

anti-DLL3 BiTE, 1L-36y, CCL4

Replicon ConstructfAlS:

anti-DLL3 BIiTE, CCL21, CCL4
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{00482} For each of the SVV dernived replicon, lipid nanoparticles comprising the SVV
derived RNA replicon and RNA molecules encoding SVV viral genome are prepared. Animal
experiments are conducied to evaluate the efficacy of these hipid nanoparticles to nhibit lung
tumor growth 7 vivo, which is compared to the efficacy of lipid nanoparticles comprising RNA

molecules encoding SVV viral genome but without the RNA replicon.

[30483] Briefly, §-week-old NSG mice are injected with human PBMC on day 1, 2 and
3. On day 10, HI299-DLL3 cells (5x10° cells/0.1 mk in a 1:1 mixture of serum-free PBS and
Matrigel®) are implanted subcutanecusly in the right flank of PBMC-humanized nuce. When
median tumor size 1S approximately 130 mun® (120-180 mm’ range), mice are cohorted in
groups of 8-10 muce per treatment arm. Mice are freated with the LNPs contaimng RNA
molecules encoding SVV viral genome and a particular SVV derived RNA replicon (via
intravenous and/or intratumoral administration). In the control group, mice are treated with the
LNPs containing RNA molecules encoding SVV viral genome. Tumor volume is measwred 2

tirnes a week to assess the efficacy of each freatment arm.

Example 21: fu vive efficacy of lipid nanoparticles comprising CVAZI derived
recombinant RNA replicons and RNA molecules encoding CVAZiviral genome for

melanoma treatment

{60484} Various Coxsackievirus A2 {CVA21)-derived recombinant RN A replicons are
constructed. These recombinant RNA replicons comprise a heterologous polynucleotide
encoding one or more immunomodulatory proteins (e.g., anti-DBLL3 Bi-specific T-cell engage
(BITE)). Some of these recombinant RNA replicons further comprise coding regions for one
or more cytokines {e.g., IL-2, IL-12, IL-36y) and/or one or more chemokines (e.g., CCL21,

CCL4) Some of the CVAZL denved RNA rephicons compnse coding regions of one or more

pavioad molecules according to the following Table 19:

Table 18, Payload Molecules for CVA21 derived Replicon

CVA2Z1 derived Replicon

Payload Molecules

Repheon Construct#CL:

andi-DLL3 BiTE, 1L-2

Replicon Construci#C2:

anti-DLL3 BiTE, IL-12

Replicon Construct#C3:

anti-DLL3 BITE, IL-36y

Replicon Construct#C4:

anti-DLL3 BITE, CCL21

Replicon ConstructfCS:

anti-DLL3 BiTE, CCL4

Replicon ConstructfC6:

anti-DLL3 BiTE, IL-2, IL-12
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Replicon Constructf#C7: anti-DLL3 BIiTE, IL-2, [L-36y
Replicon Construct#CS8: anti-DLL3 BiTE, IL-2, CCL21
Replicon Construct#C9: anti-DLL3 BiTE, IL-2, CCL4
Replicon Construct#C10: anti-DLL3 BiTE, IL-12, IL-36y
Replicon Construct#C11: anti-DLL3 BiTE, IL-12, CCL21
Replicon Construct#C12: anii-I3LE3 BiTE, 1L-12, CCL4
Replicon Construct#C13: an{i-DLL3 BiTE, IL-36y, CCL21
Replicon Construct#Cl4: anti-DLL3 BiTE, IL-36y, CCL4
Replicon Construct#C135: anti-DLL3 BITE, CCL2Y, CCL4
[30485] For each of the CVAZ21 derived replicon, hipid nanoparticles comprising the

CVAZ1 derived RNA replicon and RNA molecules encoding CVA21 viral genome are
prepared. Animal experiments are conducted to evaluate the efficacy of these lipid
nanoparticles to inhibif melanoma tumor growth in vivo, which s compared to the efficacy of
lipid navoparticles comprising RNA molecules encoding CV A2 viral genome but without the

RNA replicon.

[20486] Briefly, 8-week-old NSG mice are injected with human PBMC on day 1, 2 and
3. On day 10, SK-MEL-28-EpCAM cells (5x10° cells/0.1 mL in a 1:1 mixture of serum-free
PBS and Matrigel®) are troplanted subcutaneously wn the night flank of PBMC-humarized
mice. When median tumor size is approximately 150 mm’ (120-180 mm’ range), mice are
cohorted in groups of 8-10 mice per treatment arm. Mice are treated with the LNPs containing
RMNA molecules encoding CV A2 1 viral genome and a particular CVA21 derived RNA replicon
{via intravenous and/or mtratumoral administration}. In the control group, mice are treated with
the LNPs containing RNA molecules encoding CVA21 viral genome. Tumor volume is

measired 2 times a week to assess the efficacy of each treatment arm.

INCORPORATION BY REFERENCE
[G0487] All references, articles, publications, patents, patent publications, and patent
applications cited herein are incorporated by reference in their entireties for all purposes.
However, mention of any reference, article, publication, patent, pateni publication, and patent
application cited herein 1s not, and should not be taken as, an acknowledgment or any form of
suggestion that they constitute valid prior art or form part of the common general knowledge

in any country in the world.

[30488] While preferred embodiments of the present disclosure have been shown and

described heretn; it will be obvious to those skilled in the art that such embodiments are
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provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the disclosure. It should be anderstood
that various alternatives to the embodiments of the disclosure described herein may be
emploved in practicing the disclosure. It is intended that the following claims define the scope
of the disclosure and that methods and structures within the scope of these claims and their

equivalents be covered thereby,
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CLAIMS

1. A recombinant RNA replicon comprising:
a picomnavirus genome, wherein the picornavirus genome comprises a deletion or a
fruncation in one of more protein coding regions; and

a heterclogous polvnucleotide.

2. The recombinant RNA replicon of claim 1, wherein the picornavirus genome comprises

the deletion or the truncation in one or more VP coding regions.

~ -

3. The recombinant RNA replicon of claim 1 or 2, wherein the picornavirus genome

comprises the deletion or the truncation i each of the VP, VP3 and VP2 coding regions.

4 The recombinant RNA replicon of any one of claims 1-3, wherein the picomavirus
genome comprises the deletion of the VP1 and VP3 coding regions and the truncation of the

VP2 coding region.

5. The recombinant RNA replicon of any one of claims 1-4, wherein the picornavirus is

selected from a senecavirus, a cardiovirus, and an enterovirus.

6. The recormnbinant RNA replicon of any one of claims 1-5, wherein the deletion or the
truncation comprises at least 500 bp, at least 1000 bp, at least 1300 bp, at least 2000 bp, at least

2500 bp, or at feast 3000 bp.

7. The recombinant RNA replicon of claims 6, wherein the deletion or the truncation

comprises at least 2000 bp.

8. The recombinant RNA replicon of any one of claims 1-7, wherein a stie of the deletion

or a site of the truncation comprises the heterologous polvnucleotide

9. The recombinant RNA replicon of any one of claims 1-7. wherein the heterclogous

polynucleotide is inserted between a 2A coding region and a 2B coding region.

10, The recombinant RNA replicon of any one of claims 1-7. wherein the heterclogous

polyvnucleotide is inseried between a 3D coding region and a 37 untransiated region (UTR).

11, The recombinant RNA replicon of any one of claims 1-10, wherein the heterclogous

polynucleotide corprises at least 1000bp, at Teast 2000 bp, or at least 3600 bp.
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12. The recombinant RNA replicon of any one of claims 1-11, wherein the picornavirus 13

a Seneca Valley Virus (8VV)

13. The recombinant RNA replicon of claim 12, wherein the deletion or the fruncation
comprises one or roore nucleotides between nucleotide 1261 and 3477, inclusive of the

endpoints, according to the numbering of SEQ 1D NO: 1.

14, The recombimant RNA replicon of claim 12, wherein the deletion or the truncation
comprises nucleotide 1261 to 3477, inclusive of the endpownts, according to the numbering of

SEQID NO: 1.

15 The recombinant RNA replicon of claims 12 or 13, wherein the deletion or the

truncation comprises at least 500 bp, at least 1000 bp, at least 1500 by, or at least 2000 bp.

16 The recombinant RNA replicon of claim 15, wherein the deletion or the truncation

comprises at Jeast 2000 bp.

17. The recombinant RNA replicon of any one of claims 12 to 16, wherein the SVV genome
N g

comprises a 5° leader protein coding sequence.

18 The recombinant RNA replicon of any one of claims 1210 17, wherein the SVV genome

comprises a VP4 coding region.

19, The recombinant RNA replicon of any one of claims 12 to 18, wherain the SVV genome

comprises a VP2 coding region or a truncation thereof,

24 The recombinant RNA replicon of claim 19, wherein the SVV genome comprises, from
5" 1o 3 direction, the 57 leader protein coding sequence, the VP4 coding region, and the VP2

coding region or a truncation thereof.

21 The recombinant RNA replicon of claim 20, wherein a portion of the SVV genome
comprising the 5” leader protein coding sequence, the VP4 coding region, and the VP2 coding
region or a truncation thereof has at least 90% sequence identity to nucleotide 1 1o 1260 of SEQ

IBPNG: 1.

22 The recombinant RNA replicon of claim 20 or 21, wherein the SVV genome comprises,
from 5° to 3° direction, the 5 leader protein coding sequence, the VP4 coding region, the VP2

coding region or a fruncation thereof, and the heterologous polvnucieotide.
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23 The recombinant RNA replicon of any one of claims 1-22, wherein the SVV genome

comprises a cis-acting replication element (CRE).

24, The recombinant RNA replicon of ¢laim 23, wherein the CRE comprises between 10~
200 bp.
25. The recombinant RNA replicon of claim 23 or 24, wherein the CRE comprises one or

more nuclectides within the region corresponding to nuclectide 1000 to nucleotide 1260

according to SEQ ID NG 1.

26. The recombinant RNA replicon of claim 23 or 24, wherein the CRE comprises one or
more nucleotides within the region corresponding to nucleotide 1117 to nucleotide 1260

according to SEQ 1D NO: 1.

27 The recombinant RNA replicon of any one of claims 23-26, wherein the CRE comprises
a polynucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identity to

SEQ ID NG: 149,

28, The recombinant RNA replicon of any one of claims 12-27, wherein the SVV genome

further comprises a 2A coding region.

29. The recombinant RNA replicon of claim 28, wherein the 2A coding region is located

between the VP2 coding region or a truncation thereof and the heterologous polynucleotide.

30, The recombinant RNA replicon of any one of claims 12-29, whereiu the SVV genvome
comprises one or more of a 2B coding region, a 2C coding region, a 3A coding region, a 3B

coding region, a 3Cpro coding region, and a 3D{RARp} coding region.

3L The recombinant RNA replicon of any one of claims 12-29, wherein the SVV genome
comprises a 2B coding region, a 2C coding region, a 3A coding region, a 3B coding region, a

3Cpro coding region, and a 3D{RARp) coding region.

32. The recombinant RNA replicon of claim 31, wherein the SVV genome comprises, from
57 to 37, the 2B coding region, the 2C coding region, the 3A coding region, the 3B coding

region, the 3Cpro coding region, and the 3D(RdRp) coding region.
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33. The recombinant RNA replicon of claim 32, wherein a portion of the SVV genome
comprising the 2B coding region, the 2C coding region, the 3A coding region, the 3B coding
region, the 3Cpro coding region, and the 3D{RdRp) coding region has at least 90% sequence

identity to nuclestide 3505 to 7310 according to SEQ 1D NO: L

34. The recombinant RNA replicon of any one of claims 30-33, wherein the SVV genome

comprises, from 37 to 37, the heterologous polynucleotide and the 2B coding region.

35 The recombinant RNA replicon of any one of claims 1 to 1], wherein the picornavinus

1s a coxsackievirus.

36. The recombinant RNA replicon of claim 35, wherein the deletion or the truncation
comprises one or more nucleotides between nucleotide 717 1o 3332, inclusive of the endpoints,

according to the numbering of SEQ ID NG: 3.

37. The recombinant RNA replicon of claim 35, wherein the delstion or the truncation
comprises nucleotide 717 1o 3332 , imnclusive of the endpoints, according to the numbering of

SEQ ID NO: 3.

38  The recombinant RNA replicon of claim 35 or 36, wherein the deletion or the truncation
comprises at least 500 bp, at least 1000bp, at least 1500 bp, at ieast 2000 bp, or at least 2600
byp.

39. The recombinart RNA replicon of any one of claims 33 to 38, wherein the

coxsackievirus genome comprises a 3° UTR.

40.  The recombinant RNA replicon of any one of claims 35 to 39, wherein a portion of the
coxsackievirus genome comprising the 5° UTR has at feast 90% sequence identity to SEQ ID

NG 4,

41, The recombinant RNA replicon of any one of claims 35 {o 40, wherein the
coxsackievirus genome cormprises one or more of a 2A coding region, a 2B coding region, a
2C coding region, a 3A coding region, a 3B coding region, a VPg coding region, a 3C coding

region, a 3D pol coding region, and a 3” UTR.

42. The recombinant RNA replicon of any one of claims 35 to 40, wherein the

coxsackievirus genome comprises a 24 coding region, a 2B coding region, a 2C coding region,
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a 3A coding region, a 3B coding region, a VPg coding region, a 3C coding region, a 3D pol

coding region, and a 3° UTR.

43, The recombinant RNA replicon of claim 42, wherein the coxsackievirus genome
comprises, from 57 1o 37 direction, the 2A coding region, the 2B coding region, the 2C coding
region, the 3A coding region, the 3B coding region, the VPg coding region, the 3C coding

region, the 3D pol coding region, and the 3° UTR.

44, The recombinant RNA replicon of claim 42, wherein a portion of the coxsackievirus
genome comprising the 2A coding region, the 2B coding regiou, the 2C coding region, the 3A
coding region, the 3B coding region. the VPg coding region, the 3C coding region, the 3D pol
coding region, and the 3° UTR has at least 90% sequence identity to nucleotide 3492 to 7435

i SEQ 1D NG: 3.

45, The recombivant RNA rephicon of any one of claims 41 to 44, wherein the
coxsackievirus genome comprises, from 5710 37, the 57 UTR, the heterologous polynucleatide,

and the 2A coding region.

46. The recombinant RNA replicon of any one of claims | to 11, wherein the picornavirus

ts an encephalomyocarditis viras (EMCV).

47.  The recombinant RNA replicon of any one of claims 9 and 11-46, wherein the
recombinant RNA replicon comprises an internal ribosome entry site ({RES) inserted between

the heterologous polynucleotide and the 2B coding region.

48.  The recombinant RNA replicon of any one of claims 1 to 47, wherein the heterclogous

polvnucleotide encodes one or more payload molecules.

49, The recombinant RNA replicon of any one of claims 1 10 47, wherein the heterologous

polyoucieotide encodes two or more payload molecules.

50. The recombinant RNA replicon of claim 49, wherein the two or more payload

molecules are operably linked by one or more cleavage polypeptides.

51, The recombinant RNA replicon of claim 50, wherein the cleavage polypeptide
comprises a 2A famly self-cleaving peptide, a 3C cleavage siie, a furin site, an IGSF1

polypeptide, or a HIV protease site.
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52. The recombinant RNA replicon of claim 51, wherein the cleavage polypeptide
comprises an IGSF1 polypeptide, and wherein the IGSF1 polypeptide comprises an amino acid

sequence having at least 90% wdentity to SEQ 13 NG: 75,

53. The recombmant RNA replicon of claim 51, wherein the cleavage polypeptide

comprises an HIV protease siie.

54. The recombinant RNA replicon of claim 51, wherein the cleavage polypeptide

comprises a 2A famuly self-cleaving peptide.

55. The recombinant RNA replicon of any one of claims 50 to 54, wherein the cleavage

polypeptide comprises a furin site.

56. The recombinant RNA replicon of any one of claims 30 to 535, wherein the heterologous
polynucieotide encodes a polypeptide comprising the two or more paviecad molecules and the
cleavage polypeptide compnising, from N-terminus to C-terminus: N — payload molecule 1 -

cleavage polypeptide — payload roolecule 2 — €

57. The recombinant RNA replicon of claim 533, wherein the heterologous polynucieotide
further comprises a coding region that encodes an HIV protease, and wherein the heterologous
polynucleotide comprises a coding region that encodes a polypeptide comprising, from N-
terminus to C-terminus: N7 - Payload molecule 1 — HIV protease site — HIV protease — HIV

protease site — Payload molecule 2~ (7.

38. The recombinant RNA replicon of claim 57, wheremn the heterologous polvnucleotide
further comprises a coding region that encodes a third payload molecule, and wherein the
heterologous polynucleotide comprises a coding region that encodes a polypeptide comprising,
from N-terminus to C-ternunus:

N’ - Payload molecule 1 — HIV protease site — HIV protease — HIV protease site —

Pavload molecule 2 — HIV protease site — Pavioad molecule 3 - €7

59. The recombinant RNA replicon of any one of claims 56 to 58, further comprising a

cleavage polypeptide at the C-ternunus of the encoded polypeptide.

60, The recombinant RNA replicon of any one of claim 48 to 59, wherein the payload

maolecules are selected from a fluorescent protein, an enzyme, a cytokine, a chemokine, an
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antigen, an antigen-binding molecule capable of binding to a cell surface receptor, and a ligand

for a cell-surface receptor.

61, The recombinant RNA replicon of any one of claim 48 to 59, wherein the payload
molecules are selected fronu

a) one or more cytokines comprising IFNy, GM-CSF, 1L-2_ IL-12, 1L-15, [L-18, 1L.-23,
and 1L-36v;

b} one or more chemokines comprising CXCL10, CCL4, CCL3, and CCLZ1,

¢} one or more antibodies comprising an anii-PD1-VHH-F¢ antibody, an anti-CD47-
VHH-Fe antibody, and an anti-TGFR-VHH{(or scFv)-Fe antibody ;

d) one or more bipartite polypeptides comprising a hipariite polypeptide binding to
DLL3 and an effector cell target antigen, a bipartite poly peptide binding to FAP and an effector
cell target antigen, and a bipartite polvpeptide binding to EpCAM and an effector cell target
antigen;

e} one or more tumor-associated antigens comprising survivin, MAGE family proteins,
and all antigens according to Table 6;

£} one or more tumor necantigens;

g} one ot ruore bipartite polypeptides hinding to MHC-peptide antigen complex;

hy one or more fusogenic proteins comprising herpes simplex virns (HSV)
UL27/glycoprotein B/gB, HSV ULS53/glycoprotein K/gK, Respiratory syncytial virus {RSV)F
protein, FASTpIS, VSV-G, syncitin-1 (from human endogenous retrovirus-W (HERV-W)) or
syncitin-2 {(from HERVFRDEL), paramyxovirus SV5-F, measles virus-H, measles virus-F, and
the glycoprotein from a retrovirus or lentivirus, such as gibbon ape leukenua virus (GALY),
murine leukemia virus (MELV), Mason-Plizer monkey virus {(MPMV} and equine infectious
anemia virus {EIAV), optionally with the R transmembrane peptide removed (R- versions);

1) one or more other payload molecules comprising IL15R, PGDH, ADA, ADAZ,
HYALL, HYALZ2, CHIPS, MLEL {or its 4HB domain only), GSDMD {or 1ts L192A muatant,
or 15 anuno acids 1-233 fragment, or iis anuno acids 1-233 fragment with L192 A muiation),
GSDME (or its amino acid 1-237 fragment}, HMGBI (or its Box B domain only), Melittin
{(e.g., alpha-Melittin), SMAC/Diablo {or its amino acid 56-239 fragment), Snake LAAD, Snake
disintegrin, Leptin, FLT3L, TRAIL, Gasdermin D or a truncation thereof, and Gasdenmin E or
a truncation thereof]

1) one or more antigens from pathogens comprising Dengue virus, Chikungunya virus,

My cobacterium tubercidosis, Human immunedeficiency viruses, SARS-CoV-2, Coronavirus,
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Hepatitis B Virus, Togaviridae fanuly virus, Flaviviridae family virus, Influenza A virus,
Influenza B virus, and a veterinary virus; or

k) any combination thereof,

62, The recombinant RNA replicon of any one of claims 49 to 59, wherein the two or more
payload molecules are selected from the group consisting of a fluorescent protein, an enzyme,
a eytokine, a chemokine, an antigen-binding molecude capable of binding o a cell surface

receptor, and a Higand for a cell-surface receplor.

63, The recombinant RNA replicon of any one of claims 49 to 59, wherein the heterologous
polynucleotide encodes two or more pavioad molecules comprising:

a. IL-2 and IL-36y;

b CXCL10 and an antigen binding molecule binding to FAP and CD3;

¢. IL-Z and an antigen hinding molecule binding to DLL3 and CD3;
d. IL-36y and an antigen binding molecule binding to DLL3 and CD3; or

e. IL-2, 1L-36y and an antigen binding molecule binding to DLL3 and CD3.

64. The recombimant RNA replicon of any one of claims I to 63, {urther comprising a
microRMNA (miRNA) target sequence (miR-TS) cassette comprising one or more miRNA {arget

SequUences.

65. The recombinant RNA replicon of claim 64, wherein the one or more miRNAsg
comprise miR-124, miR-1, miR-143, miR-128, nuR-219, miR-21%, miR-122, miR-204, miR-
217, miR-137, and miR-126.

66, A recombinant DNA molecule comprising, from $° to 3°, a promoter sequence, a 5’
g
junctional cleavage sequence, a polynucleotide sequence encoding the recombinant RNA

replicon of any one of claims 1-65, and a 3° junctional cleavage sequence.
Y . 2

67. The recombinant DNA molecule of claim 66, wherein the promoter sequence is a T7

promaoter sequence.

68, The recombinant IINA molecule of claim 66 or 67, wherein the 37 junctional cleavage
sequence is a ribozyme seguence and the 37 junctional cleavage sequence is a nboryme

sequence.
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69. The recombinant DNA molecule of claim 68, wherein the 5° ribozyme sequence is a
%0

hammerhead riboszvme sequence and wheretn the 3° nibozyme sequence is a hepatitis delta

virus ribozyme sequence.

74 The recombivant DNA molecule of claim 66 or 67, wherein the 5° junctional cleavage
sequence is a ribozyme sequence and the 37 junctional cleavage sequence is a resiriction

enzyvImne recognition sequence.

71 The recombinant DNA molecule of claim 70, wheren the 57 ribozyine sequence is a
bhammerhead ribozyme sequence, a Pistol ribozyme sequence, or a modified Pistol ribozryme

sequence.

72 The recombinant DNA molecule of claim 70 or 71, wherein 37 restriction enzyme

recognition sequence 18 a Type 1IS restriction enzyme recognition sequence.

73. The recombinant DNA molecule of claim 72, wherein the Type IS recognition

sequence 13 a Sapl recogmition sequence,

z

74. The recombinant DNA molecule of claim 66 or 67, wherein the 5” junctional cleavage
sequence is an RNAseH primer binding sequence and the 37 junctional cleavage sequence is a

restriction enzyme recognition sequance.

75. A method of producing the recombinant RNA replicon of any one of claims 1-63,
comprising i vitro transcription of the DNA molecule of any one of claims 66-74 and

purification of the resulting recormbinant RNA replicon.

76. A composition comprising an effective amount of the recombinant RNA replicon of

anv one of claims 1-65, and a carrier suitable for administration to a mammalian subject.

77. A vector comprising the recombinant RNA replicon of any one of claims 1-65.

78. The vector of claim 77, wherein the vector is a viral vector.

79 The vector of claim 77, wherein the vecior is a non-viraf vegtor.

0. A particle comprising the recombinant RNA replicon of any one of claims 1-65.

81.  The particle of claim 80, wherein the particle is selected from the group consisting of a

nanoparticle, an exosorne, a liposome, and a lipoplex.
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82. The particle of claim 81, wherein the nanoparticle 15 a lipid nanoparticle (LNP}

comprising a calionic lipid, one or more helper lipids, and a phospholipid-polymer conjugate.

3. The particle of claim 82, wherein the cationic lipid is selected from DLinDMA, DLin~
KC2-DMA, DLin-MC3-DMA (MC3), COATSOME®R S8-LC (former name: SS-18/4PE-13),
COATSOME® SS-EC  {(former name: S8-33/4PE-15), COATSOME®  85-0C,
COATSOMER 85-0OP, Bi((Z}-non-2-en-1-y19-((4-
dimethvianinojbutanoyDoxy Yheptadecanedicate  {L-319), or N-(2,3-dioleoyloxy)propyl)-

NN N-trimethyviammonium chloride (DOTAP).

84 The particle of claim 82 or 83, wherein the helper lipid is selected from 1,2-distearoyl-
sn-glycero-3-phosphocholine  (DSPCy,  1,2-didawroyi-sn-glvcero-3-phosphosthanolamine
{DLPE), 1 2-dioleovl-sn-glycero-3-phosphocholine (DOPC);,  1,2-dioleoyl-sn-glycero-3-

phosphoethanolamine (DOPE); and cholesterol.

85. The particle of claim 82, wherein the catiomic hpid is  12-dioleoyl-3-
trimethy lammonium-propane {DOTAP), and whergin the newtral lipid is 1,2-Dilauroyl-sn-
glycero-3-phosphoethanolamine (DLPE) or 1. 2-Dicleoyl-sn-glycero-3-phosphoethanolamine

(DOPE).

86. The particle of any one of claims 82-83, wherein the PEG-hipid 1s selected from 1,2-
distearovi-sn-glycero-3-phosphoethanslanmine-N-{aminof polyethyleneglycol)f (DSPE-PEG);
1,2-dipalmitoyl-rac-glycerol methoxypolyethviene glveol (DPG-PEG); 1,2-distearoyl-rac-
glycero-3-methyvipolyoxvethylene (DSG-PEG); 1,2-distearoy]-rac-glveero-3-
methylpolyoxyethyiene (DSG-PEG); 1.2-dimyristoyl-rac-glycero-3-methvipolyoxvethylene
(DMG-PEG); and 1, 2-dimyristoyl-rac-glycero-3-methvipolvoxvethviene (DMG-PEG), or 1,2-
distearoyl-sn-glyeero-3-phosphoethanolamine-N-{amino(polvethylene glycol}] (DSPE-PEG-

amine}.

87, The particle of any one of claims 82-86, wherein the PEG-lipid 1s selected from 1,2-
distearoyvi-sn-glycero-3-phosphoethanolamine-N-{amino{polvethyleneglycol}-5000] (DSPE-
PEGSK); 1,2-dipalmitoyl-rac-glycerol methoxypolvethylene glycol-2000 (BPG-PEG2ZK); 1,2~
distearoyl-rac-glycero-3-methylpolvoxyethylene-5000  (DSG-PEGSK),  1.2-distearovl-rac-
glycero-3-methyipolyoxvethylene-2000  (DSG-PEG2K);,  1.2-dimyristoyl-rac-glvcero-3-
methyipolyoxyethylene-5000 (BMG-PEGSK); and 1,2-dimyristovi-rac-glvcerg-3-
methyipolyoxy ethylene-2000 (DMG-PEG2K).
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88.  The particle of claim 82, wherein the cationic lipid comprises COATSOME® §S-0OC,
wherein the one or more helper lipids comprise cholesterol (Chol} and DSPC, and wherein the

phospholipid-polymer conjugate comprises DPG-PEGZ000,

83.  The particle of claim 88, wherein the ratio of SS-OC:DSPC:Chol: DPG-PEGIK (as a
percentage of total lipid content) is A:B:C:D, whereir:

a A =40% - 60%, B=10% - 253%, C = 20% - 30%, and D = 0% - 3% and wherein

A+BHC+HD = 100%;

b A=45%-530%, B=20% - 25%, C =235% - 30%, and D = 0% - 1% and wherein
A+BHCHD = 100%
A= 40% - 60%, B = 10% - 30%, € = 20% -~ 45%, and D = 0% - 3% and wherein
A+B+C+D = 100%;
d. A=40% - 60%, B=10% -30%, = 25% - 45%, and [ = 0% - 3% and wherein

A+BACHD = 100%;

<

e A=45%-35%, B=10% - 20%. C = 30% - 40%, and D = 1% - 2% and wherein
A+B+C+D = 100%;

£ A=45%-50%, B =10% - 15%, C =35% - 40%, and D = 1% - 2% and wherein
A+BHCHD = 100%;

g A=45%-65%, B=25% - 20%, C =20% - 45%, and D = 0% - 3% and wherein

AFBHCHD = 100%:

h. A=50% - 60%, B=3% - 15%, C =30% - 45%, and I} = 0% - 3% and wherein
A+B+C+D = 100%;

i A=358%-60% B=25%-15%, C=30% - 40%, and D2 = 1% ~ 2% and wherein
A+BHCHD = 100%,;

1. A=55% - 60%, B = S% - 10%, € = 30% ~ 35%, and D = 1% - 2% and wherein

A+B+CHD = 100%.

90.  The particle of claim 88, wherein the ratio of SS-OC:DSPC: Chol DPG-PEGIK (as a
perceniage of total lipid content) is:

4. aboui 49:22:28.5:0.5;

b about49:11:38.5:1.5; or

¢. about 58:7:33.5:1.5.

91, The particle of claim 88, wherein the ratio of SS-0C:DSPC:Chol:DPG-PEG2K (as a

percentage of total lipid content} is about 49:22:28.5:0.5.
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92. The particle of claim 82, wherein the cavonic hpid s 1.2-dicleoyi-3-
trimethy lammonium~-propane (DOTAP), and wherein the neutral lipid is 1,2-Dilauroyl-sn-
glycero-3-phosphoethanolamine (DLPE} or 1,2-Dioleovi-sn-glycero-3-phosphoethanolamine

{DOPE).

93. The particle of claim 82 or 92, further comprising a PEG-lipid, wherein the PEG-lipid
is 1, 2-Bistearoyl-su-glycero-3-phosphoethanolamine-Poly{ethylene glycol) (DSPE-PEG) or
1.2-distearoyl-sn-glvcero-3-phosphoethanolamine-N-{amino{polyethylene  glveol}] (DSPE-

PEG-amine).

04 The particle of any one of clairas 80-93, further comprising a second recombinant RNA

molecule encoding an oncolytic virus,
95, The particle of claim 94, wherein the oncolytic virus is a picornavirus.

96.  The particle of claim 95, wherein the picornavirus is selected from a senecavirus, a

cardiovirus, and an enterovirus.

97. The particle of claim 95, wherein the picomavirus is a Seneca Valley Virus (SVYV).
98.  The particle of claim 93, wherein the picormavirus is a Coxsackievirus,

99.  The particle of claum 93, wherein the picornavirus is an encephalomyocarditis virus
(EMCV).

100, A therapeutic composition comprising a plurality of lipid nanoparticles according to

any one of claims 82-99.

101, The therapeutic composition of claim 100 wherein the plurality of LNPs have an

average size of about S0 nm o about 120 nm.

102, The therapeutic composition of claim 100 wherein the plurality of LNPs have an

average size of about 100 nm.

103, The therapeutic composition of any one of claims 100-102, wherein the plurality of
LNPs have an average zeta~-potential of between about 20 mV o about -20 mV, about 10 mV
to about 10 mV, about 5 mV to about -5 mV, or about 20 mV {0 about -40 mV, ~30 mV to

about — 20 mY, about -40 mV to about -20 mV, or about -30 mV to about -20 mV.
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104,  The therapeutic composition of claim 103, wherein the plurality of LNPs have an
average zeta-potential of about -30 mV, about -31 mV, about -32 mV, about -33 mV, about -
34 mV, gbout -33 mV, about -36 mV, about -37 mV, about -38 mV, about -39 mV, or about -

40 mv.

105, A method of killing a cancerous cell comprising exposing the cancerous cell 1o the
particle of any one of claims 80-97, the vector of any ove of claims 77-79, the recombinant

RNA replicon of any one of claims 1-65, or compositions thereof
106, The method of claim 105, wherein the method 15 performed in vivo, in vitro, ot ex vivo,

107, A wethod of freating a cancer n a subject comprising administering to the subject
suffering from the cancer an effective amount of the particle of any one of claims 80-97, the
vector of any one of claims 77-79, the recombinant RNA replicon of any one of claims 1-65,

or composttions thereof.

108,  The method of claim 107, wherein the particle, the recornbinant RNA replicon, or
composition thereof is adminustered intravenously, intranasally, as an inhalant, or is injected

directly info a tumor.

109, The method of claim 107 or 108, wherein the particle, the recombinant RNA replicon,

or composition thereof is admimstered to the subject repeatedly.

110, The method of any of claims 107-109, wherein the subject is a mouse, a rat, arabbit, a

cat, a dog, a horse, a non-human primate, or a human.

111, The method of any of claims 107-110, wherein the cancer is selected from lung cancer,
breast cancer, gvarian cancer, cervical cancer, prostate cancer, testicular cancer, colorectal
cancer, colon cancer, pancreatic cancer {e.g., Castration resistant neuroendocrine prostate
cancer), liver cancer, gasiric cancer, head and neck cancer, thvroid cancer, malignant glioma,
glioblastoma, melanoma, B-cell chronic lymphocytic leukenua, diffuse large B-cell lymphoma
(BLBCL), sarcoma, a newroblastoma, a newoendocrine cancer, a rhabdomyosarcoma, a
medulloblastorna, a bladder cancer, marginal zone lymphoma (MZL), Merkel cell carcinoma,

and renal cell carcinoma.

112, The method of claim 111, wherein:

a. the lung cancer is small cell lung cancer or non-small cell lung cancer;
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b. the liver cancer is hepatocellular carcinoma (HCUC), and/or

¢, the prostate cancer 1s ireatment-emergent neuroendocring prostate cancer,

113.  The method of ¢laims 111, whs

114, A mwethod of immunizing a subject against a disease, comprising adminisiering to the
subject an effective amount of the particle of any one of claims 80-97, the vector of any one of
claims 77-79, the recombinant RNA replicon of any one of claims 1-65, or compositions

thereof.

115, The method of claim 114, wherein the particle, the recombinant RNA replicon, or
composition  thereof 15  administered witravenously, intramuscularly, miradermally,

intranasally, or as an inhalant.

116.  The method of claim 114 or 115, wherein the particle, the recombinant RINA replicon,

or composition thereof is administered o the subject repeatedly.

117, The method of any one of clairus 114 to 116, wherein the disease is an infectious

disease.

118, The method of claim 117, wherein the wnfectious disease is caused by one of the
pathogens comprising Dengue virus, Chikungunya virus, Mycobacterium tuberculosts, Human
immunodeficiency virus, SARS-CoV-2, Coronavirus, Hepatitis B virus, Togavindae fanuly

virus, Flaviviridae family virus, Influenza A virus, Influenza B virus and a veterinary virus.

119, A recombinant RNA replicon comprising a picotnavirus genome and a heterologous

polvnucleotide.

120, The recombinant RNA replicon of claim 119, wherein the heterologous polynuclectide

is inserted between a 2ZA coding region and a 2B coding region.

121, The recombinant RNA replicon of claim 119, wherein the heterologous polvnucleotide

is inserted between a 5” UTR and a 2A coding region.

122, The recombinant RNA replicon of claim 119, wherein the heterologous polvnucleotide

is inserted between a 3D coding region and a 3° UTR.
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123, The recombinant RINA replicon of any one of claims 119-122, wherein the picornavirus

is selected from a senecavirus, a cardiovirus, and an enterovirus.
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