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POLYNUCLEOTIDES ENCODING TETHERED INTERLEUKIN-12 (IL12)
POLYPEPTIDES AND USES THEREOF

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application Serial No.

62/508.,316, filed on May 18, 2017. The entire contents of the applications are incorporated herein

by this reference.

BACKGROUND

Interleukin-12 (IL-12) 1s a pro-inflammatory cytokine that plays an important role 1n 1nnate
and adaptive immunity. Gately, MK ef al., Annu Rev Immunol. 16: 495-521 (1998). IL-12 functions
primarily as a 70 kDa heterodimeric protein consisting of two disulfide-linked p35 and p40 subunits.
IL-12 p40 homodimers do exist, but other than functioning as an antagonist that binds the IL-12
receptor, they do not appear to mediate a biologic response. Id. The precursor form of the 1L-12 p40
subunit (NM_002187; P29460; also referred to as IL-12B, natural killer cell stimulatory factor 2,
cytotoxic lymphocyte maturation factor 2) 1s 328 amino acids 1n length, while 1ts mature form 1s 306
amino acids long. The precursor form of the IL-12 p35 subunit (NM_000882; P29459; also referred
to as IL-12A, natural killer cell simulatory factor 1, cytotoxic lymphocyte maturation factor 1) 1s
219 amino acids 1n length and the mature form 1s 197 amino acids long. Id. The genes for the 1L-12
p335 and p40 subunits reside on different chromosomes and are regulated independently of each
other. Gately, MK et al., Annu Rev Immunol. 16: 495-521 (1998). Many different immune cells (e.g.,
dendritic cells, macrophages, monocytes, neutrophils, and B cells) produce 1L-12 upon antigenic
stimuli. The active IL-12 heterodimer 1s formed following protein synthesis. /d.

Due to 1ts ability to activate both NK cells and cytotoxic T cells, IL-12 protein has been
studied as a promising anti-cancer therapeutic since 1994. See Nastala, C. L. ef al., J Immunol 153:
1697-1706 (1994). But despite high expectations, early clinical studies did not yield satisfactory
results. Lasek W. et al., Cancer Immunol Immunother 63: 419-435, 424 (2014). Repeated
administration of IL-12, 1n most patients, led to adaptive response and a progressive decline of IL-
12-1induced interferon gamma (IFNv) levels 1n blood. Id. Moreover, while 1t was recognized that 1L-

12-1induced anti-cancer activity 1s largely mediated by the secondary secretion of IFNy, the
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concomitant induction of IFNy along with other cytokines (e.g., TNF-a) or chemokines (IP-10 or
MIG) by IL-12 caused severe toxicity. /Id.

In addition to the negative feedback and toxicity, the marginal efficacy of the 1L-12 therapy
in clinical settings may be caused by the strong immunosuppressive environment in humans. Id. To
minimize IFNy toxicity and improve IL-12 efficacy, scientists tried different approaches, such as
different dose and time protocols for IL-12 therapy. See Sacco, S. et al., Blood 90: 44'73-44'79
(1997); Leonard, J. P. et al., Blood 90: 2541-2548 (1997); Coughlin, C. M. et al., Cancer Res. 57:
2460-2467 (1997); Asselin-Paturel, C. ef al., Cancer 91: 113-122 (2001); and Saudemont, A. ef al.,
Leukemia 16: 1637-1644 (2002). Nonetheless, these approaches have not significantly impacted
patient survival. Kang, W. K., et al., Human Gene Therapy 12: 671-684 (2001).

Membrane-anchored versions of IL-12 have been studied as a means of reducing toxicity
associated with systemic administration, using retroviral and adenoviral vectors for expression in
tumor cells. See Pan, W-Y. et al., Mol. Ther. 20(5): 927-937 (2012). But, the use of viral vectors
presents a potential health risk, since the underlying viruses can act as oncogenes and the viral
vectors can be immunogenic.

Currently, a number of IL-12 clinical trials are on-going. Though these multiple clinical trials
have been on-going for nearly 20 years since the first human clinical trial of IL-12 1n 1996, an FDA -
approved IL-12 product 1s still not available. Thus, there 1s a need 1n the art for an improved

therapeutic approach for using IL-12 to treat tumors.

SUMMARY OF THE DISCLOSURE

The present disclosure 1s directed to novel tethered interleukin-12 (IL-12)-encoding
polynucleotides (e.g., mRNASs) for use 1n treating cancer.

Although IL-12 has been shown to have potent anti-tumor activity, its clinical application 1s
limited by severe systemic toxicity. Several strategies have been employed to address this
limitation, which appear promising. The present disclosure 1s based, at least in part, on a strategy of
anchoring an I1L-12 polypeptide to a cell membrane by delivering an mRNA encoding an 1L-12
polypeptide to the cell, thereby generating a tethered 1L-12 polypeptide with reduce systemic
distribution. Further, the present disclosure 1s based on the discovery that tethered 1L-12
polypeptides, encoded by mRNA, remain substantially tethered to the cell surface (i.e., are not

substantially released by cells expressing the mRNA encoded 1L-12 polypeptide), thereby reducing
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systemic distribution. It has also been discovered that mRNA encoded tethered IL-12 polypeptides
retain IL-12 bioactivity. Specifically, mRNA encoding a tethered 1L-12 polypeptide as described

herein was shown to induce an anti-tumor immune response, as indicated by an increase in CD8+ T

cell proliferation and IFNY secretion, along with a reduction 1n tumor burden in vivo 1n both treated
and non-treated (i.e., distal) tumors.

Accordingly, 1n one aspect, the disclosure provides a polynucleotide comprising an open
reading frame (ORF) comprising: (a) a first nucleic acid sequence encoding an Interleukin 12 p40
subunit (IL-12B), (b) a second nucleic acid sequence encoding an Interleukin 12 p35 subunit (IL-
12A), and (¢) a nucleic acid sequence encoding a transmembrane domain, wherein the first nucleic
acid sequence and the second nucleic acid sequence are linked by a nucleic acid sequence encoding a
linker ("subunit linker"), and wherein the nucleic acid sequence encoding the transmembrane domain
1s linked to the first or second nucleic acid sequence by a nucleic acid sequence encoding a linker
("transmembrane domain linker").

In some embodiments, the first nucleic acid sequence 1s located at the 5' end of the subunait
linker.

In some embodiments, the nucleic acid sequence encoding the transmembrane domain 1s
located at the 3" end of the transmembrane domain linker.

In some embodiments, the polynucleotide further comprises a nucleic acid sequence
encoding a signal peptide. In some embodiments, the nucleic acid sequence encoding the signal
peptide 1s located at the 5' end of the first nucleic acid sequence.

In some embodiments, the 1L-12B has an amino acid sequence at least about 80%, at least
about 90%, at least about 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
identical to amino acids 23 to 328 of SEQ ID NO: 48, and wherein the amino acid sequence has IL-
12B activity.

In some embodiments, the IL-12A has an amino acid sequence at least about 80%, at least
about 90%, at least about 95%, at least 96%, at least 97%. at least 98%, at least 99%. or 100%
identical to amino acids 336 to 532 of SEQ ID NO: 48, and wherein the amino acid sequence has IL-
12A activity.

In some embodiments, the signal peptide comprises a sequence at least about 80%, at least
about 90%, at least about 95%, at least 96%. at least 97%, at least 98%. at least 99%, or 100%
identical to amino acids 1 to 22 of SEQ ID NO: 48.

23
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In some embodiments, the subunit linker 1s a Gly/Ser linker. In some embodiments, the
transmembrane domain linker 1s a Gly/Ser linker. In some embodiments, the Gly/Ser linker
comprises (GnS)m, whereinnis 1,2 3,4, 5,6,7,8,9,10, 15, or20and m1s 1, 2, 3, 4,5, 6,7, 8, 9,
10, 15, or 20.

In some embodiments, the transmembrane domain 1s a type I transmembrane domain. In
some embodiments, the transmembrane domain 1s a Cluster of Daifferentiation 8 (CDS)
transmembrane domain or a Platelet-Derived Growth Factor Receptor (PDGF-R) transmembrane
domain.

In some embodiments, the polynucleotide 1s DNA. In some embodiments, the polynucleotide
1S RNA. In some embodiments, the polynucleotide 1s mRNA.

In some embodiments, the polynucleotide comprises at least one chemically modified
nucleobase.

In some embodiments, the at least one chemically modified nucleobase 1s selected from the
group consisting of pseudouracil (), NIl-methylpseudouracil (mly), 2-thiouracil (s2U), 4°-
thiouracil, 5-methylcytosine, 2-thio-1-methyl-1-deaza-pseudouracil, 2-thio-1-methyl-pseudouracil,
2-thio-5-aza-uracil, 2-thio-dihydropseudouracil, 2-thio-dihydrouracil, 2-thio-pseudouracil, 4-
methoxy-2-thio-pseudouracil, 4-methoxy-pseudouracil, 4-thio-1-methyl-pseudouracil, 4-thio-
pseudouracil, 5-aza-uracil, dihydropseudouracil, 35-methyluracil, 5-methoxyuracil, 2’-O-methyl
uracil, 1-methyl-pseudouracil (mly), 5-methoxy-uracil (mo3U), 5-methyl-cytosine (m3C), a-thio-
guanine, a-thio-adenine, 5-cyano uracil, 4°-thio uracil, 7-deaza-adenine, 1-methyl-adenine (m1A), 2-
methyl-adenine (m2A), N6-methyl-adenine (m6A), and 2,6-Diaminopurine, (I), 1-methyl-inosine
(mll), wyosine (1mG), methylwyosine (mimG), 7-deaza-guanine, 7-cyano-7-deaza-guanine (preQ0),
7-aminomethyl-7-deaza-guanine (preQ1), 7-methyl-guanine (m7G), 1-methyl-guanine (m1G), 8-
oxo-guanine, 7-methyl-8-oxo-guanine, and two or more combinations thereof.

In some embodiments, the nucleobases 1n the polynucleotide are chemically moditfied by at
least about 10%,. at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%. at least about 90%, at least 95%, at least
99%, or 100%. In some embodiments, the chemically modified nucleobases are selected from the
group consisting of uracil, adenine, cytosine, guanine, and any combination thereof.

In some embodiments, the uracils, adenines, cytosines or guanines are chemically modified

by at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%,
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at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least 95%, at least
99%. or 100%.

In some embodiments, the polynucleotide further comprises a nucleic acid sequence
comprising a miRNA binding site. In some embodiments, the miRNA binding site binds to miR-122.
In some embodiments, the miRNA binding site binds to miR-122-3p or miR-122-3p.

In some embodiments, the polynucleotide further comprises a 5' UTR. In some embodiments,
the 5' UTR comprises a nucleic acid sequence at least 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to any one of sequences disclosed herein.

In some embodiments, the polynucleotide further comprises a 3' UTR. In some embodiments,
the 3' UTR comprises a nucleic acid sequence at least about 90%, at least about 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% 1identical to any one of sequences disclosed herein. In
some embodiments, the miRNA binding site 1s located within the 3' UTR.

In some embodiments, the 5> UTR comprises a 5' terminal cap.

In some embodiments, the 5' terminal cap 1s a Cap0, Capl, ARCA, 1nosine, N1-methyl-
guanosine, 2'tfluoro-guanosine, 7-deaza-guanosine, 8-0Xxo0-guanosine, 2-amino-guanosine, LNA-
guanosine, 2-azidoguanosine, Cap2, Cap4, 5' methylG cap, or an analog thereof.

In some embodiments, the polynucleotide further comprises a poly-A region. In some
embodiments, the poly-A region 1s at least about 10, at least about 20, at least about 30, at least
about 40, at least about 50, at least about 60, at least about 70, at least about 80, or at least about 90
nucleotides in length. In some embodiments, the poly-A region has about 10 to about 200
nucleotides in length, about 20 to about 180 nucleotides 1n length, about 30 to about 160 nucleotides
in length, about 40 to about 140 nucleotides 1n length, about 50 to about 120 nucleotides 1n length,
about 60 to about 100 nucleotides 1n length, or about 80 to about 90 nucleotides 1n length.

In some embodiments, the polynucleotide has been transcribed in vitro (IVT). In some
embodiments, the polynucleotide 1s chimeric. In some embodiments, the polynucleotide 1s circular.

In some embodiments, the ORF further comprises one or more nucleic acid sequences
encoding one or more heterologous polypeptides fused to the nucleic acid sequence encoding the IL-
12B, the IL-12A, or both. In some embodiments, the one or more heterologous polypeptides increase
a pharmacokinetic property of the 1L-12A, the IL-12B, or both.

In some embodiments, the polynucleotide 1s single stranded. In some embodiments, the

polynucleotide 1s double stranded.
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In some embodiments, the 1L-12B 1s a variant, derivative or mutant having an 1L-12B
activity. In some embodiments, the IL-12A 1s a variant, derivative, or mutant having an 1L-12A
activity. In another aspect, the disclosure provides a vector comprising any of the above
polynucleotides.

In another aspect, the disclosure provides a composition comprising (1) any of the above
polynucleotides or vector, and (11) a delivery agent. In some embodiments, the delivery agent
comprises a lipid nanoparticle. In some embodiments, the lipid nanoparticle comprises the
compound of formula (I). In some embodiments, the delivery agent further comprises a
phospholipid. In some embodiments, the delivery agent further comprises a structural lipid. In some
embodiments, the structural lipid 1s cholesterol. In some embodiments, the delivery agent further
comprises a PEG lipid.

In some embodiments, the delivery agent further comprises a quaternary amine compound. In
another aspect, the disclosure provides a method of reducing the size of a tumor or inhibiting growth
of a tumor 1n a subject in need thereof comprising administering any of the above polynucleotides,
vector, or compositions 1n the subject. In some embodiments, the polynucleotide, vector, or
composition 1s administered subcutaneously, intravenously, intraperitoneally, or intratumorally.

In some embodiments, the administration treats a cancer. In some embodiments, the
polynucleotide 1s administered intratumorally to the subject. In some embodiments, the
polynucleotide 1s administered at an amount between about 0.10 pug per tumor and about 1000 mg
per tumor.

In some embodiments, the method further comprises administering an anti-cancer agent. In
some embodiments, the anti-cancer agent comprises (1) an antibody or antigen-binding fragment
thereof that specifically binds to PD-1 or PD-L1 (anti-PD-1 antibody or anti-PD-L1 antibody,
respectively) or a polynucleotide encoding the anti-PD-1 or anti-PD-L1 antibody or antigen-binding
fragment thereof, (11) an antibody or antigen-binding fragment thereof that specifically binds to
CTLA-4 (anti-CTLA-4 antibody) or a polynucleotide encoding the anti-CTLA-4 antibody or
antigen-binding fragment thereof, or (i11) an anti-PD-1 or anti-PD-L1 antibody or antigen-binding
fragment thereof or a polynucleotide encoding the anti-PD-1 or anti-PD-LI antibody or antigen-
binding fragment thereof, and an anti-CTLA-4 antibody or antigen-binding fragment thereof or a

polynucleotide encoding the anti-CTLA-4 antibody or antigen-binding fragment thereof.



CA 03063723 2015-11-14

WO 2018/213731 PCT/US2018/033436

In some embodiments, the administration reduces the size of a tumor or inhibits growth of a
tumor at least 1.5 fold, at least 2 fold, at least 2.5 fold, at least 3 fold, at least 3.5 fold, at least 4 fold,
at least 4.5 fold, or at least 5 fold better than (1) an administration of a polynucleotide encoding 1L.-12
alone, (1) an administration of the anti-PD-1 or anti-PD-L1 antibody alone, or (111) an administration
of the anti-CTLA-4 antibody alone.

In some embodiments, the polynucleotide encoding the anti-PD-1, anti-PD-L1, or anti-
CTLA-4 antibody or antigen-binding fragment thereof comprises an mRNA.

In some embodiments, the polynucleotide encoding the anti-PD-1, anti-PD-L1, or anti-
CTLA-4 antibody or antigen-binding fragment thereof comprises at least one chemically moditied
nucleoside.

In some embodiments, the at least one chemically modified nucleoside 1s selected from any
chemically modified nucleoside disclosed herein and a combination thereof.

In some embodiments, the at least one chemically modified nucleoside 1s selected from the
group consisting of pseudouridine, N1-methylpseudouridine, 5-methylcytosine, S-methoxyuridine,
and a combination thereof.

In some embodiments, the mRNA encoding the anti-PD-1, anti-PD-L1, or anti-CTLA-4
antibody or antigen-binding fragment therecof comprises an open reading frame. In some
embodiments, the anti-PD-L1 antibody 1s atezolizumab, avelumab, or durvalumab. In some
embodiments, the anti-CTLA-4 antibody 1s tremelimumab or ipilimumab.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain,
optionally via a linker, wherein the human 1L-12 polypeptide comprises an 1L-12 p40 subunit (IL-
12B) polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide, wherein the
membrane domain comprises a transmembrane domain, and wherein the polynucleotide 1s an mRNA
comprising a 5° untranslated region (UTR), the ORF, and a 3" UTR.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain,
optionally via a linker, wherein the human 1L-12 polypeptide comprises an 1L-12 p40 subunit (IL-
12B) polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide, wherein the

membrane domain comprises a transmembrane domain derived from a Type I integral membrane
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protein, and wherein the polynucleotide 1s an mRNA comprising a 5° untranslated region (UTR), the
ORF, and a 3° UTR.

In some aspects, the transmembrane domain 1s selected from the group consisting of: a
Cluster of Differentiation 8 (CD8) transmembrane domain, a Platelet-Derived Growth Factor
Receptor (PDGFR) transmembrane domain, and a Cluster of Differentiation 80 (CDS80)
transmembrane domain.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain,
optionally via a linker, wherein the human 1L-12 polypeptide comprises an 1L-12 p40 subunit (IL-
12B) polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide, wherein the
membrane domain comprises a Cluster of Differentiation 8 (CDS) transmembrane domain, and
wherein the polynucleotide 1s an mRNA comprising a 5” untranslated region (UTR), the ORF, and a
37 UTR. In some aspects, the transmembrane domain 1s a CD8 transmembrane domain comprising
the amino acid sequence set forth in SEQ ID NO: 101.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain,
optionally via a linker, wherein the human 1L-12 polypeptide comprises an 1L-12 p40 subunit (IL-
12B) polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide, wherein the
membrane domain comprises a Platelet-Derived Growth Factor Receptor (PDGFR) transmembrane
domain, and wherein the polynucleotide 1s an mRNA comprising a 5° untranslated region (UTR), the
ORF, and a 3° UTR. In some aspects, the transmembrane domain 1s a PDGFR transmembrane
domain comprising a PDGFR-beta transmembrane domain. In some embodiments, the PDGEFR-beta
transmembrane domain comprises the amino acid sequence set forth in SEQ ID NO: 102.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain,
optionally via a linker, wherein the human IL-12 polypeptide comprises an 1L-12 p40 subunit (IL-
12B) polypeptide operably linked to an IL-12 p335 subunit (IL-12A) polypeptide, wherein the
membrane domain comprises a Cluster of Differentiation 80 (CD80) transmembrane domain, and
wherein the polynucleotide 1s an mRNA comprising a 5° untranslated region (UTR), the ORF, and a
3> UTR. In some aspects, the transmembrane domain 1s a CD80 transmembrane domain comprising

the amino acid sequence set forth in SEQ ID NO: 103.
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In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain,
optionally via a linker, wherein the human IL-12 polypeptide comprises an 1L-12 p40 subunit (IL-
12B) polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide, wherein the
membrane domain comprises a transmembrane domain and an intracellular domain, and wherein the
polynucleotide 1s an mRNA comprising a 5 untranslated region (UTR), the ORF, and a 3" UTR.

In some embodiments, the intracellular domain 1s derived from the same polypeptide as the
transmembrane domain. In some embodiments, the intracellular domain 1s derived from a different
polypeptide than the transmembrane domain 1s derived from. In some embodiments, the
intracellular domain 1s selected from the group consisting of: a PDGFR intracellular domain, a
truncated PDGFR intracellular domain, and a CD80 intracellular domain.

In some aspects, the intracellular domain 1s a PDGFR 1ntracellular domain comprising a
PDGFR-beta intracellular domain. In some embodiments, the PDGFR-beta intracellular domain
comprises the amino acid sequence set forth in SEQ ID NO: 226. In some aspects, the truncated
PDGEFR 1ntracellular domain comprises a PDGFEFR-beta intracellular domain truncated at ES70 or
(G739. In some aspects, truncated PDGFR-beta intracellular domain truncated at ES70 comprises the
amino acid sequence set forth in SEQ ID NO: 227. In some aspects, the truncated PDGFR-beta
transmembrane truncated at G739 comprises the amino acid sequence set forth in SEQ ID NO: 228.

In some aspects, the intracellular domain 1s a CD80 1ntracellular domain. In some aspects,
the CD80 1ntracellular domain comprises the amino acid sequence set forth in SEQ ID NO: 225.

In any of the foregoing aspects, the membrane domain comprises a PDGFR-beta
transmembrane domain and a PDGFEFR-beta intracellular domain. In any of the foregoing aspects, the
membrane domain comprises a PDGFR-beta transmembrane domain and a truncated PDGFR-beta
intracellular domain truncated at ES70. In any of the foregoing aspects, the membrane domain
comprises a PDGFEFR-beta transmembrane domain and a truncated PDGEFR-beta intracellular domain
truncated at G739. In any of the foregoing aspects, the membrane domain comprises a CD80
transmembrane domain and a CD80 intracellular domain.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain,
optionally via a linker, wherein the human 1L-12 polypeptide comprises an 1L-12 p40 subunit (IL-
12B) polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide, wherein the
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membrane domain comprises a Platelet-Derived Growth Factor Receptor (PDGFR) transmembrane
domain and a PDGFR i1ntracellular domain, and wherein the polynucleotide 1s an mRNA comprising
a 5° untranslated region (UTR), the ORF, and a 3° UTR. In some aspects, the PDGFR
transmembrane domain comprises a PDGEFR-beta transmembrane domain and the PDGFR
intracellular domain comprises a PDGFR-beta intracellular domain. In some aspects, the PDGFR
transmembrane domain comprises a PDGEFR-beta transmembrane domain and the PDGFR
intracellular domain comprises a truncated PDGFR-beta intracellular domain. In some
embodiments, the PDGFR-beta transmembrane domain comprises the amino acid sequence set forth
in SEQ ID NO: 102 and the PDGFR-beta intracellular domain comprises the amino acid sequence
set forth in SEQ ID NO: 226. In some embodiments, the PDGFR-beta transmembrane domain
comprises the amino acid sequence set torth in SEQ ID NO: 102 and the truncated PDGFR-beta
intracellular domain comprises the amino acid sequence set forth in SEQ ID NO: 227. In some
embodiments, the PDGFR-beta transmembrane domain comprises the amino acid sequence set forth
in SEQ ID NO: 102 and the truncated PDGFR-beta intracellular domain comprises the amino acid
sequence set forth in SEQ ID NO: 228.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain,
optionally via a linker, wherein the human IL-12 polypeptide comprises an 1L-12 p40 subunit (IL-
12B) polypeptide operably linked to an IL-12 p335 subunit (IL-12A) polypeptide, wherein the
membrane domain comprises a Cluster of Differentiation 80 (CD80) transmembrane domain and a
CD8O0 1intracellular domain, and wherein the polynucleotide is an mRNA comprising a 5’
untranslated region (UTR), the ORF, and a 3> UTR. In some aspects, the CD80 transmembrane
domain comprises the amino acid sequence set forth in SEQ ID NO: 103 and the CD80 intracellular
domain comprises the amino acid sequence set forth in SEQ ID NO: 225.

In any of the foregoing aspects, the membrane domain 1s operably linked to the 1L-12A
polypeptide by a peptide linker. In any of the foregoing aspects, the membrane domain 1s operably
linked to the IL-12B polypeptide by a peptide linker.

In some aspects, the membrane domain 1s operably linked to the 1L-12A polypeptide by a

Gly/Ser linker. In some aspects, the membrane domain 1s operably linked to the IL-12B polypeptide
by a Gly/Ser linker.
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In some aspects, the Gly/Ser linker comprises (GnS)m, whereinnis 1,2 3,4,5,6,7, 8, 9, 10,
15,or20and mis 1,2, 3,4,5,6,7,8,9, 10, 15, or 20. In some aspects, the Gly/Ser linker further
comprises a leucine and a glutamine at the 3°end of the Gly/Ser linker. In some aspects, the linker
comprises the amino acid sequence set forth in SEQ ID NO: 229,

In any of the foregoing aspects, the 1L-12B polypeptide 1s operably linked to the 1L-12A
polypeptide by a peptide linker. In some aspects, the 1L-12B polypeptide 1s located at the 5°
terminus of the IL-12A polypeptide, or the 5° terminus of the peptide linker. In some aspects, the IL-
12A polypeptide 1s located at the 5° terminus of the 1L-12B polypeptide, or the 5° terminus of the
peptide linker. In some aspects, the peptide linker comprises a Gly/Ser linker. In some aspects, the
Gly/Ser linker comprises (GnS)m, whereinnis 1,2 3,4,5,6,7,8,9, 10, 15, or20and m1s 1, 2, 3, 4,
5,6,7,8,9, 10, 15, or 20. In some aspects, the Gly/Ser linker comprises (GnS)m, and wherein n 1s 6
and m 1s 1.

In any of the foregoing aspects, the ORF encodes a signal peptide. In some aspects, the
signal peptide 1s an 1L-12B signal peptide. In some aspects, the I1L-12B signal peptide comprises
the amino acid sequence set forth in amino acids 1 to 22 of SEQ ID NO: 48.

In any of the foregoing aspects, the 1L-12B polypeptide comprises the amino acid sequence
set forth 1n amino acids 23 to 328 of SEQ ID NO: 48. In any of the foregoing aspects, the I1L-12A
polypeptide comprises the amino acid sequence set forth 1n amino acids 336 to 532 of SEQ ID NO:
48.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain
via a linker, wherein the human IL-12 polypeptide comprises an 1L-12 p40 subunit (IL-12B)
polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide via a linker, wherein the
membrane domain comprises a transmembrane domain, and wherein the polynucleotide 1s an mRNA
comprising a 5° untranslated region (UTR), the ORF, and a 3" UTR.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain
via a linker, wherein the human IL-12 polypeptide comprises an 1L-12 p40 subunit (IL-12B)
polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide via a linker, wherein the

membrane domain comprises a transmembrane domain derived from a Type I integral membrane
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protein, and wherein the polynucleotide 1s an mRNA comprising a 5° untranslated region (UTR), the
ORF, and a 3° UTR.

In some aspects, the transmembrane domain 1s selected from the group consisting of: a
Cluster of Differentiation 8 (CD8) transmembrane domain, a Platelet-Derived Growth Factor
Receptor (PDGFR) transmembrane domain, and a Cluster of Differentiation 80 (CDS80)
transmembrane domain.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain
via a linker, wherein the human IL-12 polypeptide comprises an 1L-12 p40 subunit (IL-12B)
polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide via a linker, wherein the
membrane domain comprises a Cluster of Differentiation 8 (CDS) transmembrane domain, and
wherein the polynucleotide 1s an mRNA comprising a 5” untranslated region (UTR), the ORF, and a
37 UTR. In some aspects, the transmembrane domain 1s a CD8 transmembrane domain comprising
the amino acid sequence set forth in SEQ ID NO: 101.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain
via a linker, wherein the human IL-12 polypeptide comprises an 1L-12 p40 subunit (IL-12B)
polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide via a linker, wherein the
membrane domain comprises a Platelet-Derived Growth Factor Receptor (PDGFR) transmembrane
domain, and wherein the polynucleotide 1s an mRNA comprising a 5° untranslated region (UTR), the
ORF, and a 3° UTR. In some aspects, the transmembrane domain 1s a PDGFR transmembrane
domain comprising a PDGFR-beta transmembrane domain. In some embodiments, the PDGEFR-beta
transmembrane domain comprises the amino acid sequence set forth in SEQ ID NO: 102.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain
via a linker, wherein the human IL-12 polypeptide comprises an I1L-12 p40 subunit (IL-12B)
polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide via a linker, wherein the
membrane domain comprises a Cluster of Differentiation 80 (CD80) transmembrane domain, and
wherein the polynucleotide 1s an mRNA comprising a 5° untranslated region (UTR), the ORF, and a
37 UTR. In some aspects, the transmembrane domain 1s a CD8 transmembrane domain comprising

the amino acid sequence set forth in SEQ ID NO: 103.
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In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain
via a linker, wherein the human IL-12 polypeptide comprises an 1L-12 p40 subunit (IL-12B)
polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide via a linker, wherein the
membrane domain comprises a Platelet-Derived Growth Factor Receptor (PDGFR) transmembrane
domain and a PDGFR i1ntracellular domain, and wherein the polynucleotide 1s an mRNA comprising
a 5° untranslated region (UTR), the ORF, and a 3° UTR. In some aspects, the PDGFR
transmembrane domain comprises a PDGEFR-beta transmembrane domain and the PDGFR
intracellular domain comprises a PDGFR-beta intracellular domain. In some aspects, the PDGEFR
transmembrane domain comprises a PDGEFR-beta transmembrane domain and the PDGFR
intracellular domain comprises a truncated PDGFR-beta intracellular domain. In some
embodiments, the PDGFR-beta transmembrane domain comprises the amino acid sequence set forth
in SEQ ID NO: 102 and the PDGFR-beta intracellular domain comprises the amino acid sequence
set forth in SEQ ID NO: 226. In some embodiments, the PDGFR-beta transmembrane domain
comprises the amino acid sequence set torth in SEQ ID NO: 102 and the truncated PDGFR-beta
intracellular domain comprises the amino acid sequence set forth in SEQ ID NO: 227. In some
embodiments, the PDGFR-beta transmembrane domain comprises the amino acid sequence set forth
in SEQ ID NO: 102 and the truncated PDGFR-beta intracellular domain comprises the amino acid
sequence set forth in SEQ ID NO: 228.

In some aspects, the disclosure provides a polynucleotide comprising an open reading frame
(ORF) encoding a human interleukin-12 (IL-12) polypeptide operably linked to a membrane domain
via a linker, wherein the human IL-12 polypeptide comprises an I1L-12 p40 subunit (IL-12B)
polypeptide operably linked to an IL-12 p35 subunit (IL-12A) polypeptide via a linker, wherein the
membrane domain comprises a Cluster of Differentiation 80 (CD80) transmembrane domain and a
CD8O0 intracellular domain, and wherein the polynucleotide 1s an mRNA comprising a 5°
untranslated region (UTR), the ORF, and a 3 UTR. In some aspects, the CD80 transmembrane
domain comprises the amino acid sequence set forth in SEQ ID NO: 103 and the CDS80 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>