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IMMUNOMODULATORY THERAPEUTIC MRNA COMPOSITIONS ENCODING 

ACTIVATING ONCOGENE MUTATION PEPTIDES 

 

Related Applications 

 This application claims the benefit of U.S. Provisional Application Serial No. 5 

62/453,465, filed on February 1, 2017; U.S. Provisional Application Serial No. 62/467,063, 

filed on March 3, 2017; U.S. Provisional Application Serial No. 62/490,523, filed on April 

26, 2017; and U.S. Provisional Application Serial No. 62/541,571, filed on August 4, 2017.  

The entire contents of the above-referenced applications are incorporated herein by this 

reference. 10 

 

Background of the Disclosure 

 The ability to modulate an immune response is beneficial in a variety of clinical 

situations, including the treatment of cancer and pathogenic infections, as well as in 

potentiating vaccine responses to provide protective immunity.  A number of therapeutic 15 

tools exist for modulating the function of biological pathways and/or molecules that are 

involved in diseases such as cancer and pathogenic infections.  These tools include, for 

example, small molecule inhibitors, cytokines and therapeutic antibodies.  Some of these 

tools function through modulating immune responses in a subject, such as cytokines that 

modulate the activity of cells within the immune system or immune checkpoint inhibitor 20 

antibodies, such as anti-CTLA-4 or anti-PD-L1 that modulate the regulation of immune 

responses.   

 Additionally, vaccines have long been used to stimulate an immune response against 

antigens of pathogens to thereby provide protective immunity against later exposure to the 

pathogens.  More recently, vaccines have been developed using antigens found on tumor cells 25 

to thereby enhance anti-tumor imunoresponsiveness.  In addition to the antigen(s) used in the 

vaccine, other agents may be included in a vaccine preparation, or used in combination with 

the vaccine preparation, to further boost the immune response to the vaccine.  Such agents 

that enhance vaccine responsiveness are referred to in the art as adjuvants.  Examples of 

commonly used vaccine adjuvants include aluminum gels and salts, monophosphoryl lipid A, 30 

MF59 oil-in-water emulsion, Freund’s complete adjuvant, Freund’s incomplete adjuvant, 

detergents and plant saponins.  These adjuvants typically are used with protein or peptide 
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based vaccines.  Alternative types of vaccines, such as RNA based vaccines, are now being 

developed.  

 There exists a need in the art for additional effective agents that enhance immune 

responses to an antigen of interest.  

 5 

Summary of the Disclosure 

 Provided herein are immunomodulatory therapeutic compositions, including lipid-

based compositions such as lipid nanoparticles, which include an RNA (e.g., messenger RNA 

(mRNA)) that can safely direct the body’s cellular machinery to produce a cancer protein or 

fragment thereof of interest, e.g., an activating oncogene mutation peptide.  In some 10 

embodiments, the RNA is a modified RNA.  The immunomodulatory therapeutic 

compositions, including mRNA compositions and/or lipid nanoparticles comprising the same 

are useful to induce a balanced immune response against cancers, comprising both cellular 

and humoral immunity, without risking the possibility of insertional mutagenesis, for 

example.  15 

 The immunomodulatory therapeutic compositions, including mRNA compositions 

and/or lipid nanoparticles of the disclosure may be utilized in various settings depending on 

the prevalence of the cancer or the degree or level of unmet medical need. The 

immunomodulatory therapeutic compositions, including mRNA compositions and lipid 

nanoparticles of the disclosure may be utilized to treat and/or prevent a cancer of various 20 

stages or degrees of metastasis. The immunomodulatory therapeutic compositions and lipid 

nanoparticles of the disclosure have superior properties in that they produce much larger 

antibody titers and produce responses earlier than alternative anti-cancer therapies including 

cancer vaccines.  While not wishing to be bound by theory, it is believed that the provided 

compositions, such as mRNA polynucleotides, are better designed to produce the appropriate 25 

protein conformation upon translation as the RNA co-opt natural cellular machinery.  Unlike 

traditional therapies and vaccines which are manufactured ex vivo and may trigger unwanted 

cellular responses, RNA of the provided compositions are presented to the cellular system in 

a more native fashion.   

 In some aspects, the disclosure provides an immunomodulatory therapeutic 30 

composition, comprising: one or more mRNA each comprising an open reading frame 

encoding an activating oncogene mutation peptide, and optionally one or more mRNA each 
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comprising an open reading frame encoding a polypeptide that enhances an immune response 

to the activating oncogene mutation peptide in a subject, wherein the immune response 

comprises a cellular or humoral immune response characterized by: (i) stimulating Type I 

interferon pathway signaling, (ii) stimulating NFkB pathway signaling, (iii) stimulating an 

inflammatory response, (iv) stimulating cytokine production, (v) stimulating dendritic cell 5 

development, activity or mobilization, and (vi) a combination of any of (i)-(v); and a 

pharmaceutically acceptable carrier.   

 In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition, including mRNA compositions and/or lipid nanoparticles comprising the same, 

that enhances an immune response by, for example, stimulating Type I interferon pathway 10 

signaling, stimulating NFkB pathway signaling, stimulating an inflammatory response, 

stimulating cytokine production or stimulating dendritic cell development, activity or 

mobilization.  Enhancement of an immune response to an antigen of interest by an immune 

potentiator mRNA results in, for example, stimulation of cytokine production, stimulation of 

cellular immunity (T cell responses), such as antigen-specific CD8+ or CD4+ T cell responses 15 

and/or stimulation of humoral immunity (B cell responses), such as antigen-specific antibody 

responses.   

             In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition wherein the activating oncogene mutation is a KRAS mutation.  In some 

aspects, the KRAS mutation is a G12 mutation.  In some aspects, the G12 KRAS mutation is 20 

selected from G12D, G12V, G12S, G12C, G12A, and G12R KRAS mutations.  In other 

aspects, the G12 KRAS mutation is selected from G12D, G12V, and G12C KRAS mutations.  

In some aspects, the KRAS mutation is a G13 mutation.  In some aspects, the G13 KRAS 

mutation is a G13D KRAS mutation.  In other aspects, the disclosure provides an 

immunomodulatory therapeutic composition wherein the activating oncogene mutation is a 25 

H-RAS or N-RAS mutation.  

              In some embodiments the skilled artisan will select a KRAS mutation, a HLA 

subtype and a tumor type based on the guidance provided herein and prepare a KRAS 

vaccine for therapy.  In some embodiments the KRAS mutation is selected from: G12C, 

G12V, G12D, G13D.  In some embodiments the HLA subtype is selected from: A*02:01, 30 

C*07:01, C*04:01, C*07:02, HLA-A11 and/or HLA-C08. In some embodiments the tumor 
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type is selected from colorectal, pancreatic, lung (e.g., non-small cell lung cancer (NSCLC), 

and endometrioid. 
In some embodiments, the HRAS mutation is a mutation at codon 12, codon 13, or 

codon 61.  In some embodiments, the HRAS mutation is a 12V, 61L, or 61R mutation. 

In some embodiments, the NRAS mutation is a mutation at codon 12, codon 13, or 5 

codon 61.  In some embodiments, the NRAS mutation is a 12D, 13D, 61K, or 61R mutation. 

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein the mRNA has an 

open reading frame encoding a concatemer of two or more activating oncogene mutation 

peptides.  In some aspects, the concatemer comprises 3, 4, 5, 6, 7, 8, 9, or 10 activating 10 

oncogene mutation peptides.  In some aspects, the concatemer comprises 4 activating 

oncogene mutation peptides. 

In other aspects, the disclosure provides an immunomodulatory therapeutic 

composition, comprising: an mRNA comprising an open reading frame encoding a 

concatemer of two or more activating oncogene mutation peptides, wherein the concatemer 15 

comprises KRAS activating oncogene mutation peptides G12D, G12V, G12C, and G13D; 

and one or more mRNA each comprising an open reading frame encoding a polypeptide that 

enhances an immune response to the KRAS activating oncogene mutation peptides in a 

subject.  In some aspects, the concatemer comprises from N- to C- terminus G12D, G12V, 

G13D, and G12C.  In some aspects, the concatemer comprises from N- to C- terminus G12C, 20 

G13D, G12V, and G12D.  

              Disclosed herein is an immunomodulatory therapeutic composition comprising an 

mRNA formulated in a lipid nanoparticle (LNP), wherein: the mRNA comprises an open 

reading frame encoding a concatemer of four KRAS activating oncogene mutation peptides, 

each of the KRAS activating oncogene mutation peptides having an amino acid sequence 25 

independently selected from the group consisting of SEQ ID NOs: 121, 36, 39, 122, 37, 40, 

123, 38, 41, 124, 125, and 72. 

            Disclosed herein is an immunomodulatory therapeutic composition comprising an 

mRNA formulated in a lipid nanoparticle (LNP), wherein: the mRNA comprises an open 

reading frame encoding a concatemer of four KRAS activating oncogene mutation peptides, 30 

each of the KRAS activating oncogene mutation peptides having an amino acid sequence 

independently selected from the group consisting of SEQ ID NOs: 39, 40, 41, and 72. 

             Disclosed herein is an immunomodulatory therapeutic composition, comprising: an 
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mRNA comprising an open reading frame encoding a concatemer of 3-10 KRAS activating 

oncogene mutation peptides, wherein each peptide is about 10-30 amino acids in length, and 

wherein each peptide comprises a mutation independently selected from the group consisting 

of G12D, G12V, G12C, G12S, G12A, G12R and G13D mutations in human KRAS of SEQ 

ID NO: 166. 5 

                Disclosed herein is an immunomodulatory therapeutic composition, comprising: an 

mRNA comprising an open reading frame encoding a concatemer of four KRAS activating 

oncogene mutation peptides, wherein each peptide is about 10-30 amino acids in length, 

wherein each peptide comprises a mutation independently selected from the group consisting 

of G12D, G12V, G12C, and G13D mutations in human KRAS of SEQ ID NO: 166, and 10 

wherein the peptides are linked directly to one another without a linker. 

Some embodiments of the present disclosure provide immunomodulatory therapeutic 

compositions that include an mRNA comprising an open reading frame encoding a 

concatemer of two or more activating oncogene mutation peptides.  In some embodiments, at 

least two of the peptide epitopes are separated from one another by a single Glycine.  In some 15 

embodiments, the concatemer comprises 3-10 activating oncogene mutation peptides. In 

some such embodiments, all of the peptide epitopes are separated from one another by a 

single Glycine.  In other embodiments, at least two of the peptide epitopes are linked directly 

to one another without a linker. 

In some aspects, the disclosure provides an immunomodulatory therapeutic 20 

composition, comprising: 1, 2, 3, or 4 mRNAs encoding 1, 2, 3, or 4 activating oncogene 

mutation peptides; and one or more mRNA each comprising an open reading frame encoding 

a polypeptide that enhances an immune response to the activating oncogene mutation peptide 

in a subject.  In some aspects, the composition comprises 4 mRNAs encoding 4 activating 

oncogene mutation peptides.  In some aspects, the 4 mRNAs encode KRAS activating 25 

oncogene mutation peptides G12D, G12V, G12C, and G13D.  

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein the activating 

oncogene mutation peptide comprises 10-30, 15-25, or 20-25 amino acids in length.  In some 

aspects, the activating oncogene mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino 30 

acids in length.  In some aspects, the activating oncogene mutation peptide comprises 25 

amino acids in length.  

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein the mRNA 
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encoding a polypeptide that enhances an immune response to the activating oncogene 

mutation peptide in a subject encodes a constitutively active human STING polypeptide.  In 

some aspects, the constitutively active human STING polypeptide comprises one or more 

mutations selected from the group consisting of V147L, N154S, V155M, R284M, R284K, 

R284T, E315Q, R375A, and combinations thereof.    5 

In some aspects, the constitutively active human STING polypeptide comprises 

mutation V155M (e.g., having the amino acid sequence shown in SEQ ID NO: 1 or encoded 

by a nucleotide sequence shown in SEQ ID NO: 139 or 170).  In some aspects the 

constitutively active human STING polypeptide comprises mutations V147L/N154S/V155M.  

In some aspects, the constitutively active human STING polypeptide comprises mutations 10 

R284M/V147L/N154S/V155M.   

In other aspects, the constitutively active human STING polypeptide comprises an 

amino acid sequence set forth in any one of SEQ ID NOs: 1-10 and 164.  In another aspect, 

the constitutively active human STING polypeptide is encoded by a nucleotide sequence set 

forth in any one of SEQ ID NOs: 139-148, 165,168, 170, 201-209 and 225. In some aspects, 15 

the constitutively active human STING polypeptide comprises a 3' UTR comprising at least 

one miR-122 microRNA binding site, such as for example set forth in SEQ ID NO: 149. 

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein the mRNA 

encoding a polypeptide that enhances an immune response to the activating oncogene 20 

mutation peptide in a subject encodes a constitutitively active human IRF3 polypeptide.  In 

one aspect, the constitutively active human IRF3 polypeptide comprises an S396D mutation.  

In one aspect, the constitutively active human IRF3 polypeptide comprises an amino acid 

sequence set forth in SEQ ID NO: 12 or is encoded by a nucleotide sequence set forth in SEQ 

ID NO: 151 or 212.  In one aspect, the constitutively active IRF3 polypeptide is a mouse 25 

IRF3 polypeptide, for example comprising an amino acid sequence set forth in SEQ ID NO: 

11 or encoded by the nucleotide sequence shown in SEQ ID NO: 150 or 211. 

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein the mRNA 

encoding a polypeptide that enhances an immune response to the activating oncogene 30 

mutation peptide in a subject encodes a constitutitively active human IRF7 polypeptide.  In 

one aspect, the constitutively active human IRF7 polypeptide comprises one or more 

mutations selected from the group consisting of S475D, S476D, S477D, S479D, L480D, 

S483D, S487D, and combinations thereof; deletion of amino acids 247-467; and 
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combinations of the foregoing mutations and/or deletions.  In one embodiment, the 

constitutively active human IRF7 polypeptide comprises an amino acid sequence set forth in 

any one of SEQ ID NOs: 14-18.  In one embodiment, the constitutively active human IRF7 

polypeptide is encoded by a nucleotide sequence set forth in any one of SEQ ID NOs: 153-

157 and 214-218. 5 

In yet other aspects, the disclosure provides an immune potentiator mRNA encoding a 

polypeptide selected from the group consisting of MyD88, TRAM, IRF1, IRF8, IRF9, TBK1, 

IKKi, STAT1, STAT2, STAT4, STAT6, c-FLIP, IKKβ, RIPK1, TAK-TAB1 fusion, 

DIABLO, Btk, self-activating caspase-1 and Flt3. 

In some aspects, the disclosure provides an immunomodulatory therapeutic 10 

composition of any one of the foregoing embodiments, wherein the composition further 

comprises a cancer therapeutic agent.  In some aspects, the composition further comprises an 

inhibitory checkpoint polypeptide.  In some aspects, the inhibitory checkpoint polypeptide is 

an antibody or fragment thereof that specifically binds to a molecule selected from the group 

consisting of PD-1, PD-L1, TIM-3, VISTA, A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, 15 

KIR and LAG3. 

In other embodiments, the composition further comprises a recall antigen. For 

example, in some embodiments, the recall antigen is an infectious disease antigen.  

In some embodiments, the composition does not comprise a stabilization agent.   

In some aspects, the disclosure provides an immunomodulatory therapeutic 20 

composition of any one of the foregoing embodiments, wherein the mRNA is formulated in a 

lipid nanoparticle.  In some aspects, the lipid nanoparticle comprises a molar ratio of about 

20-60% ionizable amino lipid: 5-25% phospholipid: 25-55% sterol; and 0.5-15% PEG-

modified lipid.  In some aspects, the inonizable amino lipid is selected from the group 

consisting of for example, 2,2-dilinoleyl-4-dimethylaminoethyl-[1,3]-dioxolane (DLin-KC2-25 

DMA), dilinoleyl-methyl-4-dimethylaminobutyrate (DLin-MC3-DMA), and di((Z)-non-2-en-

1-yl) 9-((4-(dimethylamino)butanoyl)oxy)heptadecanedioate (L319).  In some aspects, the 

ionizable amino lipid comprises a compound of any of Formulae (I), (IA), (II), (IIa), (IIb), 

(IIc), (IId), and (IIe).  In some aspects, the ionizable amino lipid comprises a compound of 

Formula (I).  In some aspects, the compound of Formula (I) is Compound 25. 30 

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing embodiments, wherein each mRNA includes at least 

one chemical modification.  In some aspects, the chemical modification is selected from the 
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group consisting of pseudouridine, N1-methylpseudouridine, 2-thiouridine, 4’-thiouridine, 5-

methylcytosine, 2-thio-1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-

thio-5-aza-uridine, 2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-pseudouridine, 

4-methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-pseudouridine, 

4-thio-pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-methyluridine, 5-5 

methyluridine, 5-methoxyuridine, and 2’-O-methyl uridine.  In some aspects, the chemical 

modification is pseudouridine or a pseudouridine analog.  In some aspects, the chemical 

modification is N1-methylpseudouridine.  In some aspects, each mRNA comprises fully 

modified N1-methylpseudouridine.  

In some aspects, the disclosure provides an immunomodulatory therapeutic 10 

composition, including mRNA compositions and lipid-based compositions such as lipid 

nanoparticles, comprising: one or more mRNA each comprising an open reading frame 

encoding a KRAS activating oncogene mutation peptide, and optionally one or more mRNA 

each comprising an open reading frame encoding a constitutively active human STING 

polypeptide; and a pharmaceutically acceptable carrier.  In some aspects, the constitutively 15 

active human STING polypeptide comprises mutation V155M.  In some aspects, the 

constitutively active human STING polypeptide comprises an amino acid sequence shown in 

SEQ ID NO: 1.  In some aspects, the constitutively active human STING polypeptide 

comprises a 3' UTR comprising at least one miR-122 microRNA binding site.   

In some aspects, the disclosure provides an immunomodulatory therapeutic 20 

composition of any one of the foregoing embodiments, wherein the KRAS activating 

oncogene mutation peptide is selected from G12D, G12V, G12S, G12C, G12A, G12R, and 

G13D.  In some aspects, the KRAS activating oncogene mutation peptide is selected from 

G12D, G12V, G12C, and G13D.   

In some aspects, the disclosure provides an immunomodulatory therapeutic 25 

composition of any one of the foregoing embodiments, wherein the mRNA comprises an 

open reading frame encoding a concatemer of two or more KRAS activating oncogene 

mutation peptides.  In some aspects, the concatemer comprises 3, 4, 5, 6, 7, 8, 9 or 10 KRAS 

activating oncogene mutation peptides.  In some aspects, the concatemer comprises 4 KRAS 

activating oncogene mutation peptides.  In some aspects, the concatemer comprises G12D, 30 

G12V, G12C, and G13D.  In some aspects, the concatemer comprises from N- to C- terminus 

G12D, G12V, G13D, and G12C.  In some aspects, the concatemer comprises from N- to C- 

terminus G12C, G13D, G12V, and G12D.  
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In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing embodiments, wherein the composition comprises 1, 

2, 3, or 4 mRNAs encoding 1, 2, 3, or 4 KRAS activating oncogene mutation peptides.  In 

some aspects, the composition comprises 4 mRNAs encoding 4 KRAS activating oncogene 

mutation peptides.  In some aspects, the 4 KRAS activating oncogene mutation peptides 5 

comprise G12D, G12V, G12C, and G13D.   

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein the KRAS 

activating oncogene mutation peptide comprises 10-30, 15-25, or 20-25 amino acids in 

length.  In some aspects, the KRAS activating oncogene mutation peptide comprises 20, 21, 10 

22, 23, 24, or 25 amino acids in length. In some aspects, the activating oncogene mutation 

peptide comprises 25 amino acids in length.  

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein the mRNA has an 

open reading frame encoding a concatemer of two or more KRAS activating oncogene 15 

mutation peptides and the concatemer comprises an amino acid sequence selected from the 

group set forth in SEQ ID NOS: 42-47, 73 and 137.   In some aspects, wherein the mRNA 

encoding the concatemer comprises a nucleotide sequence selected from the group set forth 

in SEQ ID NOS: 129-131, 133, 138, 167, 169, 193-195 and 197-198.  

In some aspects, the disclosure provides an immunomodulatory therapeutic 20 

composition of any one of the foregoing or related embodiments, wherein the composition 

comprises 1, 2, 3, or 4 mRNAs encoding 1, 2, 3, or 4 KRAS activating oncogene mutation 

peptides, and wherein the KRAS activating oncogene mutation peptides comprise an amino 

acid sequence selected from the group set forth in SEQ ID NOs: 36-41, 72 and 125.  In some 

aspects, the KRAS activating oncogene mutation peptides comprise the amino acid sequence 25 

set forth in SEQ ID NOs: 39-41 and 72. In some aspects, the mRNA encoding the KRAS 

activating oncogene mutation peptide comprises a nucleotide sequence selected from the 

group set forth in SEQ ID NOs: 126-128, 132, 190-192 and 196.    

In other aspects, the disclosure provides an immunomodulatory therapeutic 

composition, including mRNA compositions and/or lipid nanoparticles comprising the same, 30 

comprising an mRNA construct encoding at least one mutant human KRAS antigen and a 

constitutively active human STING polypeptide, for example wherein the mRNA (e.g., a 

modified mRNA) encodes an amino acid sequence as set forth in any one of SEQ ID NOs: 

48-71.   
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In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein each mRNA is 

formulated in the same or different lipid nanoparticle.  In some aspects, each mRNA 

encoding a KRAS activating oncogene mutation peptide is formulated in the same or 

different lipid nanoparticle.  In some aspects, each mRNA encoding constitutively active 5 

human STING is formulated in the same or different lipid nanoparticle.  In some aspects, 

each mRNA encoding a KRAS activating oncogene mutation peptide is formulated in the 

same lipid nanoparticle and each mRNA encoding constitutively active human STING is 

formulated in a different lipid nanoparticle.  In some aspects, each mRNA encoding a KRAS 

activating oncogene mutation peptide is formulated in the same lipid nanoparticle and each 10 

mRNA encoding constitutively active human STING is formulated in the same lipid 

nanoparticle as each mRNA encoding a KRAS activating oncogene mutation peptide.  In 

some aspects, each mRNA encoding a KRAS activating oncogene mutation peptide is 

formulated in a different lipid nanoparticle and each mRNA encoding constitutively active 

human STING is formulated in the same lipid nanoparticle as each mRNA encoding each 15 

KRAS activating oncogene mutation peptide. 

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing embodiments, wherein the immunomodulatory 

therapeutic composition is formulated in a lipid nanoparticle, wherein the lipid nanoparticle 

comprises a molar ratio of about 20-60% ionizable amino lipid: 5-25% phospholipid: 25-55% 20 

sterol; and 0.5-15% PEG-modified lipid.  In some aspects, the ionizable amino lipid is 

selected from the group consisting of for example, 2,2-dilinoleyl-4-dimethylaminoethyl-

[1,3]-dioxolane (DLin-KC2-DMA), dilinoleyl-methyl-4-dimethylaminobutyrate (DLin-MC3-

DMA), and di((Z)-non-2-en-1-yl) 9-((4-(dimethylamino)butanoyl)oxy)heptadecanedioate 

(L319). In some aspects, the ionizable amino lipid comprises a compound of any of Formulae 25 

(I), (IA), (II), (IIa), (IIb), (IIc), (IId), and (IIe).  In some aspects, the ionizable amino lipid 

comprises a compound of Formula (I).  In some aspects, the compound of Formula (I) is 

Compound 25.   

 Disclosed herein is an immunomodulatory therapeutic composition comprising an 

mRNA formulated in a lipid nanoparticle (LNP), wherein: the mRNA comprises an open 30 

reading frame encoding a concatemer of four KRAS activating oncogene mutation peptides, 

the concatemer comprising amino acid sequence SEQ ID NO: 137; the LNP comprises a 

molar ratio of about 20-60% Compound 25: about 5-25% DSPC: about 25-55% cholesterol: 
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about 0.1-15% PEG-DMG; and wherein one or more uridine nucleosides in the mRNA are 

N1-methylpseudouridine. 

In certain embodiments, the lipid nanoparticle comprises Compound 25 (as the 

ionizable amino lipid), DSPC (as the phospholipid), cholesterol (as the sterol) and PEG-DMG 

(as the PEG-modified lipid).  In certain embodiments, the lipid nanoparticle comprises a 5 

molar ratio of about 20-60% Compound 25:5-25% DSPC:25-55% cholesterol; and 0.5-15% 

PEG-DMG.  In one embodiment, the lipid nanoparticle comprises a molar ratio of about 50% 

Compound 25: about 10% DSPC: about 38.5% cholesterol: about 1.5% PEG-DMG (i.e., 

Compound 25:DSPC:cholesterol:PEG-DMG at about a 50:10:38.5:1.5 ratio).  In one 

embodiment, the lipid nanoparticle comprises a molar ratio of 50% Compound 25:10% 10 

DSPC:38.5% cholesterol:1.5% PEG-DMG (i.e., Compound 25:DSPC:cholesterol:PEG-DMG 

at a 50:10:38.5:1.5 ratio).  

In some aspects, the disclosure provides an immunomodulatory therapeutic 

composition of any one of the foregoing or related embodiments, wherein each mRNA 

includes at least one chemical modification.  In some aspects, the chemical modification is 15 

selected from the group consisting of pseudouridine, N1-methylpseudouridine, 2-thiouridine, 

4’-thiouridine, 5-methylcytosine, 2-thio-1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-

pseudouridine, 2-thio-5-aza-uridine, 2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-

thio-pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-

methyl-pseudouridine, 4-thio-pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-20 

methyluridine, 5-methyluridine, 5-methoxyuridine, and 2’-O-methyl uridine.  In some 

aspects, the chemical modification is pseudouridine or a pseudouridine analog.  In some 

aspects, the chemical modification is N1-methylpseudouridine.  In some aspects, each mRNA 

comprises fully modified N1-methylpseudouridine. 

In some aspects, the disclosure provides a lipid nanoparticle comprising: an mRNA 25 

comprising an open reading frame encoding a concatemer of 4 KRAS activating oncogene 

mutation peptides, wherein the 4 KRAS activating oncogene mutation peptides comprise 

G12D, G12V, G12C, and G13D; an mRNA comprising an open reading frame encoding a 

constitutively active human STING polypeptide.  In some aspects, the concatemer comprises 

from N- to C- terminus G12D, G12V, G13D, and G12C.  In some aspects, the concatemer 30 

comprises from N- to C- terminus G12C, G13D, G12V, and G12D.   

In some aspects, the disclosure provides lipid nanoparticle of any one of the foregoing 

embodiments, wherein each KRAS activating oncogene mutation peptide comprises 20, 21, 
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22, 23, 24, or 25 amino acids in length.  In some aspects, each KRAS activating oncogene 

mutation peptide comprises 25 amino acids in length.    

In some aspects, the disclosure provides a lipid nanoparticle comprising: an mRNA 

comprising an open reading frame encoding a concatemer of 4 KRAS activating oncogene 

mutation peptides, wherein the 4 KRAS activating oncogene mutation peptides comprise 5 

G12D, G12V, G12C, and G13D, and wherein the concatemer comprises the amino acid 

sequence set forth in SEQ ID NO:137; an mRNA comprising an open reading frame 

encoding a constitutively active human STING polypeptide.  In some aspects, the mRNA 

encoding the concatemer of 4 KRAS activating oncogene mutation peptides comprises the 

nucleotide sequence set forth in SEQ ID NO: 138, SEQ ID NO: 167 or SEQ ID NO: 169.  In 10 

some aspects, the constitutively active human STING polypeptide comprises mutation 

V155M.  In some aspects, the constitutively active human STING polypeptide comprises the 

amino acid sequence shown in SEQ ID NO: 1.  In some aspects, the mRNA encoding the 

constitutively active human STING polypeptide comprises a 3' UTR comprising at least one 

miR-122 microRNA binding site.  In some aspects, the mRNA encoding the constitutively 15 

active human STING polypeptide comprises the nucleotide sequence shown in SEQ ID NO: 

139, SEQ ID NO: 168, or SEQ ID NO: 170. 

In other aspects, the disclosure provides a lipid nanoparticle comprising: 

a first mRNAs comprising an open reading frame encoding a KRAS activating 

oncogene mutation peptide comprising G12D; 20 

a second mRNA comprising an open reading frame encoding a KRAS activating 

oncogene mutation peptide comprising G12V;  

a third mRNA comprising an open reading frame encoding a KRAS activating 

oncogene mutation peptide comprising G12C;  

a fourth mRNA comprising an open reading frame encoding a KRAS activating 25 

oncogene mutation peptide comprising G13D; and 

a fifth mRNA comprising an open reading frame encoding a constitutively active 

human STING polypeptide.  In certain embodiments, the mRNAs are present at a 

KRAS:STING mass ratio selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 

7:1, 8:1, 9:1 and 10:1.  In one embodiment, the mRNAs are present at a KRAS:STING mass 30 

ratio of 5:1. 

In some aspects of the foregoing lipid nanoparticle, each KRAS activating oncogene 

mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in length. In some aspects, 

each KRAS activating oncogene mutation peptide comprises 25 amino acids in length.  
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In some aspects of the foregoing lipid nanoparticle, the KRAS activating oncogene 

mutation peptides comprise the amino acid sequences set forth in SEQ ID NOs: 39-41 and 

72.  In some aspects, the mRNAs encoding the KRAS activating oncogene mutation peptides 

comprise the nucleotide sequences set forth in SEQ ID NOs: 126-128, 132, 190-192 and 196.  

In some aspects of the foregoing lipid nanoparticle, the constitutively active human 5 

STING polypeptide comprises mutation V155M.  In some aspects, the constitutively active 

human STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 1.  In 

some aspects, the mRNA encoding the constitutively active human STING polypeptide 

comprises a 3' UTR comprising at least one miR-122 microRNA binding site.  In some 

aspects, the mRNA encoding the constitutively active human STING polypeptide comprises 10 

the nucleotide sequence shown in SEQ ID NO: 139, SEQ ID NO: 168, or SEQ ID NO: 170. 

In some aspects, the disclosure provides a lipid nanoparticle of any one of the 

foregoing embodiments, wherein the lipid nanoparticle comprises a molar ratio of about 20-

60% ionizable amino lipid: 5-25% phopholipid: 25-55% sterol; and 0.5-15% PEG-modified 

lipid.  In some aspects, the inonizable amino  lipid is selected from the group consisting of for 15 

example, 2,2-dilinoleyl-4-dimethylaminoethyl-[1,3]-dioxolane (DLin-KC2-DMA), 

dilinoleyl-methyl-4-dimethylaminobutyrate (DLin-MC3-DMA), and di((Z)-non-2-en-1-yl) 9-

((4-(dimethylamino)butanoyl)oxy)heptadecanedioate (L319).  In some aspects, the ionizable 

amino lipid comprises a compound of any of Formulae (I), (IA), (II), (IIa), (IIb), (IIc), (IId), 

and (IIe).  In some aspects, the ionizable amino lipid comprises a compound of Formula (I).  20 

In some aspects, the compound of Formula (I) is Compound 25. 

In some aspects, the disclosure provides a lipid nanoparticle of any one of the 

foregoing embodiments, wherein each mRNA includes at least one chemical modification.  In 

some aspects, the chemical modification is selected from the group consisting of 

pseudouridine, N1-methylpseudouridine, 2-thiouridine, 4’-thiouridine, 5-methylcytosine, 2-25 

thio-1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-thio-5-aza-uridine, 

2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-

pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-pseudouridine, 4-thio-

pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-methyluridine, 5-methyluridine, 5-

methoxyuridine, and 2’-O-methyl uridine.  In some aspects, the chemical modification is 30 

pseudouridine or a pseudouridine analog.  In some aspects, the chemical modification is N1-

methylpseudouridine.  In some aspects, each mRNA comprises fully modified N1-

methylpseudouridine. 
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In some aspects, the disclosure provides a drug product comprising any of the 

foregoing or related lipid nanoparticles for use in cancer therapy, optionally with instructions 

for use in cancer therapy.    

In other aspects, the disclosure provides a first lipid nanoparticle comprising: an 

mRNA comprising an open reading frame encoding a KRAS activating oncogene mutation 5 

peptide comprising G12D; and an mRNA comprising an open reading frame encoding a 

constitutively active human STING polypeptide.   

In some aspects, the disclosure provides a second lipid nanoparticle comprising: an 

mRNA comprising an open reading frame encoding a KRAS activating oncogene mutation 

peptide comprising G12V; and an mRNA comprising an open reading frame encoding a 10 

constitutively active human STING polypeptide. 

In some aspects, the disclosure provides a third lipid nanoparticle comprising an 

mRNA comprising an open reading frame encoding a KRAS activating oncogene mutation 

peptide comprising G12C; and an mRNA comprising an open reading frame encoding a 

constitutively active human STING polypeptide. 15 

In some aspects, the disclosure provides a fourth lipid nanoparticle comprising: an 

mRNA comprising an open reading frame encoding a KRAS activating oncogene mutation 

peptide comprising G13D; and an mRNA comprising an open reading frame encoding a 

constitutively active human STING polypeptide.   

In some aspects of the foregoing first, second, third and fourth lipid nanoparticles, 20 

each KRAS activating oncogene mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino 

acids in length. In some aspects, each KRAS activating oncogene mutation peptide comprises 

25 amino acids in length.  

In some aspects of the foregoing first, second, third and fourth lipid nanoparticles, the 

KRAS activating oncogene mutation peptide comprises the amino acid sequences set forth in 25 

SEQ ID NO: 39.  In some aspects, the mRNA encoding the KRAS activating oncogene 

mutation peptide comprises the nucleotide sequence set forth in SEQ ID NOs: 126 or 190. 

In some aspects of the foregoing first, second, third and fourth lipid nanoparticles, the 

KRAS activating oncogene mutation peptide comprises the amino acid sequences set forth in 

SEQ ID NO: 40. In some aspect, the mRNA encoding the KRAS activating oncogene 30 

mutation peptide comprises the nucleotide sequence set forth in SEQ ID NOs: 127 or 191. 

In some aspects of the foregoing first, second, third and fourth lipid nanoparticles, the 

KRAS activating oncogene mutation peptide comprises the amino acid sequences set forth in 
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SEQ ID NO: 72. In some aspects, the mRNA encoding the KRAS activating oncogene 

mutation peptide comprises the nucleotide sequence set forth in SEQ ID NOs: 132 or 196.  

In some aspects of the foregoing first, second, third and fourth lipid nanoparticles, 

wherein the KRAS activating oncogene mutation peptide comprises the amino acid 

sequences set forth in SEQ ID NO: 41. In some aspects, the mRNA encoding the KRAS 5 

activating oncogene mutation peptide comprises the nucleotide sequence set forth in SEQ ID 

NOs: 128 or 192.  

In some aspects of the foregoing first, second, third and fourth lipid nanoparticles, the 

constitutively active human STING polypeptide comprises mutation V155M.  In some 

aspects, the constitutively active human STING polypeptide comprises the amino acid 10 

sequence shown in SEQ ID NO: 1. In some aspects, the constitutively active human STING 

polypeptide comprises a 3' UTR comprising at least one miR-122 microRNA binding site.  In 

some aspects, the mRNA encoding the constitutively active human STING polypeptide 

comprises the nucleotide sequence shown in SEQ ID NO: 139, SEQ ID NO: 168, or SEQ ID 

NO: 170. 15 

In some aspects, the disclosure provides a drug product comprising any of the 

foregoing or related lipid nanoparticles for use in cancer therapy, optionally with instructions 

for use in cancer therapy.   In some aspects, the disclosure provides a drug product 

comprising any of the foregoing first, second, third and fourth lipid nanoparticles , for use in 

cancer therapy, optionally with instructions for use in cancer therapy.   20 

In some aspects, the disclosure provides a drug product comprising a first, second, 

third and fourth lipid nanoparticles, for use in cancer therapy, optionally with instructions for 

use in cancer therapy, wherein: 

(i) the first lipid nanoparticle comprises: an mRNA comprising an open reading frame 

encoding a KRAS activating oncogene mutation peptide comprising G12D; and an mRNA 25 

comprising an open reading frame encoding a constitutively active human STING 

polypeptide;  

(ii) the second lipid nanoparticle comprises: an mRNA comprising an open reading 

frame encoding a KRAS activating oncogene mutation peptide comprising G12V; and an 

mRNA comprising an open reading frame encoding a constitutively active human STING 30 

polypeptide;  

(iii) the third lipid nanoparticle comprises: an mRNA comprising an open reading 

frame encoding a KRAS activating oncogene mutation peptide comprising G12C; and an 



  MDN-015PC 

16 

mRNA comprising an open reading frame encoding a constitutively active human STING 

polypeptide; and  

(iv) the fourth lipid nanoparticle comprises: an mRNA comprising an open reading 

frame encoding a KRAS activating oncogene mutation peptide comprising G13D; and an 

mRNA comprising an open reading frame encoding a constitutively active human STING 5 

polypeptide.   

            Disclosed herein an immunomodulatory therapeutic composition as defined herein for 

use as a medicament. 

In any of the foregoing or related aspects, the disclosure provides a method for 

treating a subject, comprising: administering to a subject having cancer any of the foregoing 10 

or related immunomodulatory therapeutic compositions or any of the foregoing or related 

lipid nanoparticle.  In some aspects, the immunomodulatory therapeutic composition or lipid 

nanoparticle is administered in combination with a cancer therapeutic agent.  In some aspects, 

the immunomodulatory therapeutic composition or lipid nanoparticle is administered in 

combination with an inhibitory checkpoint polypeptide.  In some aspects, the inhibitory 15 

checkpoint polypeptide is an antibody or fragment thereof that specifically binds to a 

molecule selected from the group consisting of PD-1, PD-L1, TIM-3, VISTA, A2AR, B7-H3, 

B7-H4, BTLA, CTLA-4, IDO, KIR and LAG3.   

            Disclosed herein is the use of the immunomodulatory therapeutic composition as 

defined herein in the manufacture of a medicament for treating cancer in an individual. 20 

           Disclosed herein is the use of the immunomodulatory therapeutic composition as 

defined herein in the manufacture of a medicament for reducing or decreasing a size of a 

tumor, inhibiting tumor growth, or inducing an anti-tumor response in a subject in need 

thereof. 

Methods provided herein may be used for treating a subject having cancer.  In some 25 

embodiments, the cancer is selected from cancer of the pancreas, peritoneum, large intestine, 

small intestine, biliary tract, lung, endometrium, ovary, genital tract, gastrointestinal tract, 

cervix, stomach, urinary tract, colon, rectum, and hematopoietic and lymphoid tissues.  In 

some embodiments, the cancer is colorectal cancer.  In some embodiments, the cancer is 

pancreatic cancer.  In some embodiments, the cancer is lung cancer, such as non-small cell 30 

lung cancer (NSCLC).  In some embodiments, the cancer is selected from the group 

consisting of colorectal cancer, pancreatic cancer and lung cancer (e.g., NSCLC). 

 An mRNA (e.g., mmRNA) construct of the disclosure (e.g., an immune potentiator 

mRNA, antigen-encoding mRNA, or combination thereof) can comprise, for example, a 5' 
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UTR, a codon optimized open reading frame encoding the polypeptide, a 3' UTR and a 3' 

tailing region of linked nucleosides.  In one embodiment, the mRNA further comprises one or 

more microRNA (miRNA) binding sites. 

 In one embodiment, a modified mRNA construct of the disclosure is fully modified.  

For example, in one embodiment, the mmRNA comprises pseudouridine (ψ), pseudouridine 5 

(ψ) and 5-methyl-cytidine (m5C), 1-methyl-pseudouridine (m1ψ), 1-methyl-pseudouridine 

(m1ψ) and 5-methyl-cytidine (m5C), 2-thiouridine (s2U), 2-thiouridine and 5-methyl-cytidine 

(m5C), 5-methoxy-uridine (mo5U), 5-methoxy-uridine (mo5U) and 5-methyl-cytidine (m5C), 

2’-O-methyl uridine, 2’-O-methyl uridine and 5-methyl-cytidine (m5C), N6-methyl-

adenosine (m6A) or N6-methyl-adenosine (m6A) and 5-methyl-cytidine (m5C).  In another 10 

embodiment, the mmRNA comprises pseudouridine (ψ), N1-methylpseudouridine (m1ψ), 2-

thiouridine, 4’-thiouridine, 5-methylcytosine, 2-thio-1-methyl-1-deaza-pseudouridine, 2-thio-

1-methyl-pseudouridine, 2-thio-5-aza-uridine, 2-thio-dihydropseudouridine, 2-thio-

dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-

pseudouridine, 4-thio-1-methyl-pseudouridine, 4-thio-pseudouridine, 5-aza-uridine, 15 

dihydropseudouridine, 5-methoxyuridine, or 2’-O-methyl uridine, or combinations thereof.  

In yet another embodiment, the mmRNA comprises 1-methyl-pseudouridine (m1ψ), 5-

methoxy-uridine (mo5U), 5-methyl-cytidine (m5C), pseudouridine (ψ), α-thio-guanosine, or 

α-thio-adenosine, or combinations thereof.  In some aspects, the mmRNA comprises 

pseudouridine or a pseudouridine analog.  In some aspects, the mmRNA comprises N1-20 

methylpseudouridine.  In some aspects, each mmRNA comprises fully modified N1-

methylpseudouridine. 

In some embodiments the dosage of the RNA polynucleotide in the 

immunomodulatory therapeutic composition is 1-5 µg, 5-10 µg, 10-15 µg, 15-20 µg, 10-25 

µg, 20-25 µg, 20-50 µg, 30-50 µg, 40-50 µg, 40-60 µg, 60-80 µg, 60-100 µg, 50-100 µg, 80-25 

120 µg, 40-120 µg, 40-150 µg, 50-150 µg, 50-200 µg, 80-200 µg, 100-200 µg, 100-300 µg, 

120-250 µg, 150-250 µg, 180-280 µg, 200-300 µg, 30-300 µg, 50-300 µg, 80-300 µg, 100-

300 µg, 40-300 µg, 50-350 µg, 100-350 µg, 200-350 µg, 300-350 µg, 320-400 µg, 40-380 

µg, 40-100 µg, 100-400 µg, 200-400 µg, or 300-400 µg per dose. In some embodiments, the 

immunomodulatory therapeutic composition is administered to the subject by intradermal or 30 

intramuscular injection.  In some embodiments, the immunomodulatory therapeutic 

composition is administered to the subject on day zero.  In some embodiments, a second dose 

of the immunomodulatory therapeutic composition is administered to the subject on day 

twenty one. 
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In some embodiments, a dosage of 25 micrograms of the RNA polynucleotide is 

included in the immunomodulatory therapeutic composition administered to the subject.  In 

some embodiments, a dosage of 10 micrograms of the RNA polynucleotide is included in the 

immunomodulatory therapeutic composition administered to the subject.  In some 

embodiments, a dosage of 30 micrograms of the RNA polynucleotide is included in the 5 

immunomodulatory therapeutic composition administered to the subject.  In some 

embodiments, a dosage of 100 micrograms of the RNA polynucleotide is included in the 

immunomodulatory therapeutic composition administered to the subject.  In some 

embodiments, a dosage of 50 micrograms of the RNA polynucleotide is included in the 

immunomodulatory therapeutic composition administered to the subject. In some 10 

embodiments, a dosage of 75 micrograms of the RNA polynucleotide is included in the 

immunomodulatory therapeutic composition administered to the subject.  In some 

embodiments, a dosage of 150 micrograms of the RNA polynucleotide is included in the 

immunomodulatory therapeutic composition administered to the subject. In some 

embodiments, a dosage of 400 micrograms of the RNA polynucleotide is included in the 15 

immunomodulatory therapeutic composition administered to the subject. In some 

embodiments, a dosage of 300 micrograms of the RNA polynucleotide is included in the 

immunomodulatory therapeutic composition administered to the subject.  In some 

embodiments, a dosage of 200 micrograms of the RNA polynucleotide is included in the 

immunomodulatory therapeutic composition administered to the subject.  In some 20 

embodiments, the RNA polynucleotide accumulates at a 100 fold higher level in the local 

lymph node in comparison with the distal lymph node. In other embodiments the 

immunomodulatory therapeutic composition is chemically modified and in other 

embodiments the immunomodulatory therapeutic composition is not chemically modified. 

In some embodiments, the effective amount is a total dose of 1-100 µg. In some 25 

embodiments, the effective amount is a total dose of 100 µg. In some embodiments, the 

effective amount is a dose of 25 µg administered to the subject a total of one or two times. In 

some embodiments, the effective amount is a dose of 100 µg administered to the subject a 

total of two times. In some embodiments, the effective amount is a dose of 1 µg -10 µg, 1 µg 

-20 µg, 1 µg -30 µg, 5 µg -10 µg, 5 µg -20 µg, 5 µg -30 µg, 5 µg -40 µg, 5 µg -50 µg, 10 µg -30 

15 µg, 10 µg -20 µg, 10 µg -25 µg, 10 µg -30 µg, 10 µg -40 µg, 10 µg -50 µg, 10 µg -60 µg, 

15 µg -20 µg, 15 µg -25 µg, 15 µg -30 µg, 15 µg -40 µg, 15 µg -50 µg, 20 µg -25 µg, 20 µg -

30 µg, 20 µg -40 µg 20 µg -50 µg, 20 µg -60 µg, 20 µg -70 µg, 20 µg -75µg, 30 µg -35 µg, 
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30 µg -40 µg, 30 µg -45 µg 30 µg -50 µg, 30 µg -60 µg, 30 µg -70 µg, 30 µg -75µg which 

may be administered to the subject a total of one or two times or more.  

In some aspects, the disclosure provides a composition (e.g., a vaccine) comprising an 

mRNA encoding a KRAS activating oncogene mutation peptide and an mRNA encoding a 

constiutively active human STING polypeptide wherein the mRNA encoding the KRAS 5 

activating oncogene mutation peptide and the mRNA encoding the constiutively active 

human STING polypeptide are present at a KRAS:STING mass ratio of 1:1, 2:1, 3:1, 4:1, 5:1, 

6:1, 7:1, 8:1, 9:1, 10:1 or 20:1, or alternatively at a STING:KRAS mass ratio of 1:1, 1:2, 1:3, 

1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10 or 1:20.  In some aspects, the mRNAs are present at a mass 

ratio of 5:1 of mRNA encoding the KRAS activating oncogene mutation peptide to the 10 

mRNA encoding the constiutively active human STING polypeptide (KRAS:STING mass 

ratio of 5:1 or alternatively a STING:KRAS mass ratio of 1:5).  In some aspects, the mRNAs 

are present at a mass ratio of 10:1 of mRNA encoding the KRAS activating oncogene 

mutation peptide to the mRNA encoding the constiutively active human STING polypeptide 

(KRAS:STING mass ratio of 10:1 or alternatively a STING:KRAS ratio of 1:10).   15 

Other aspects of the disclosure relate to a lipid nanoparticle comprising: 

an mRNA comprising an open reading frame encoding a concatemer of 4 KRAS 

activating oncogene mutation peptides, wherein the 4 KRAS activating oncogene mutation 

peptides comprise G12D, G12V, G12C, and G13D;  

an mRNA comprising an open reading frame encoding a constitutively active human 20 

STING polypeptide; 

wherein the mRNAs are present at a KRAS:STING mass ratio selected from the 

group consisting of of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. 

In some aspects, the disclosure relates to a lipid nanoparticle comprising: 

a first mRNAs comprising an open reading frame encoding a KRAS activating 25 

oncogene mutation peptide comprising G12D; 

a second mRNA comprising an open reading frame encoding a KRAS activating 

oncogene mutation peptide comprising G12V;  

a third mRNA comprising an open reading frame encoding a KRAS activating 

oncogene mutation peptide comprising G12C;  30 

a fourth mRNA comprising an open reading frame encoding a KRAS activating 

oncogene mutation peptide comprising G13D;  

a fifth mRNA comprising an open reading frame encoding a constitutively active 

human STING polypeptide;  
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wherein the first, second, third, fourth and fifth mRNAs are present at an 

KRAS:STING mass ratio selected from the group consisting of of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 

7:1, 8:1, 9:1 or 10:1. 

In some of the foregoing and related aspects, the concatemer comprises from N- to C- 

terminus G12D, G12V, G13D, and G12C.  In some aspects, the concatemer comprises from 5 

N- to C- terminus G12C, G13D, G12V, and G12D.  In some aspects, each KRAS activating 

oncogene mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in length.   In 

some aspects, each KRAS activating oncogene mutation peptide comprises 25 amino acids in 

length.  In some aspects, the concatemer comprises an amino acid sequence set forth in SEQ 

ID NO: 137.  In some aspects, the mRNA encoding the concatemer of 4 KRAS activating 10 

oncogene mutation peptides comprises the nucleotide sequence set forth in SEQ ID NO: 138, 

SEQ ID NO: 167 or SEQ ID NO: 169.   In some aspects, the constitutively active human 

STING polypeptide comprises mutation V155M.  In some aspects, the constitutively active 

human STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 1.  In 

some aspects, the mRNA encoding the constitutively active human STING polypeptide 15 

comprises a 3' UTR comprising at least one miR-122 microRNA binding site.  In some 

aspects, the mRNA encoding the constitutively active human STING polypeptide comprises 

the nucleotide sequence shown in SEQ ID NO: 139, SEQ ID NO: 168, or SEQ ID NO: 170. 

In some of the foregoing and related aspects, the lipid nanoparticle comprises mRNAs 

present at an KRAS:STING mass ratio of 1:1.  In some aspects, the mRNAs are present at a 20 

KRAS:STING mass ratio of 2:1.  In some aspects, the mRNAs are present at a KRAS:STING 

mass ratio of 3:1.  In some aspects, the the mRNAs are present at a KRAS:STING mass ratio 

of 4:1.  In some aspects, the mRNAs are present at a KRAS:STING mass ratio of 5:1.  In 

some aspects, the mRNAs are present at a KRAS:STING mass ratio of 6:1.  In some aspects, 

the mRNAs are present at a KRAS:STING mass ratio of 7:1.  In some aspects, the mRNAs 25 

are present at a KRAS:STING mass ratio of 8:1.  In some aspects, the mRNAs are present at 

a KRAS:STING mass ratio of 9:1.  In some aspects, the mRNAS are present at a 

KRAS:STING mass ratio of 10:1. 

In another aspect, the disclosure pertains to a lipid nanoparticle comprising a modified 

mRNA of the disclosure.  In one embodiment, the lipid nanoparticle is a liposome.  In 30 

another embodiment, the lipid nanoparticle comprises a cationic and/or ionizable amino lipid.  

In one embodiment, the cationic and/or ionizable amino lipid is 2,2-dilinoleyl-4-

methylaminoethyl-[1,3]-dioxolane (DLin-KC2-DMA) or dilinoleyl-methyl-4-

dimethylaminobutyrate (DLin-MC3-DMA).  In some aspects, the ionizable amino lipid 
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comprises a compound of any of Formulae (I), (IA), (II), (IIa), (IIb), (IIc), (IId), and (IIe).  In 

some aspects, the ionizable amino lipid comprises a compound of Formula (I). In one 

embodiment, the ionizable amino lipid is Compound 25.  In one embodiment, the lipid 

nanoparticle further comprises a targeting moiety conjugated to the outer surface of the lipid 

nanoparticle.   5 

 In another aspect, the disclosure pertains to a pharmaceutical composition comprising 

a modified mRNA of the disclosure or a lipid nanoparticle of the disclosure, and a 

pharmaceutically acceptable carrier, diluent or excipient.   

 In another aspect, the disclosure pertains to a method for enhancing an immune 

response to an antigen(s) of interest, the method comprising administering to a subject in 10 

need thereof a mRNA composition of disclosure encoding an antigen(s) of interest and a 

polypeptide that enhances an immune response to the antigen(s) of interest, or lipid 

nanoparticle thereof, or pharmaceutical composition therof, such that an immune response to 

the antigen of interest is enhanced in the subject.  In one aspect, enhancing an immune 

response in a subject comprises stimulating cytokine production (e.g., IFN-γ or TNF-α).  In 15 

another aspect, enhancing an immune response in a subject comprises stimulating antigen-

specific CD8+ T cell activity, e.g., priming, proliferation and/or survival (e.g., increasing the 

effector/memory T cell population).  In one aspect, enhancing an immune response in a 

subject comprises stimulating antigen-specific CD4+ T cell activity (e.g., increasing helper T 

cell activity).  In other aspects, enhancing an immune response in a subject comprises 20 

stimulating B cell responses (e.g., increasing antibody production).   

 In one aspect, the discloure provides methods for enhancing an immune response to 

an activating oncogene mutation peptide, wherein the subject is administered two different 

immune potentiator mRNA (e.g., mmRNA) constructs (wherein one or both constructs also 

encode, or are administered with an mRNA (e.g., mmRNA) construct that encodes, the 25 

activating oncogene mutation peptide), either at the same time or sequentially.  In one aspect, 

the subject is administered an immune potentiator mmRNA composition that stimulates 

dendritic cell development or activity prior to administering to the subject an immune 

potentiator mRNA composition that stimulates Type I interferon pathway signaling.   

In other aspects, the disclosure provides methods of stimulating an immune response 30 

to a tumor in a subject in need thereof, wherein the method comprises administering to the 

subject an effective amount of a composition comprising at least one mRNA construct 

encoding a tumor antigen(s) and an mRNA construct encoding a polypeptide that enhances 
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an immune response to the tumor antigen(s), or a lipid nanoparticle thereof, or a 

pharmaceutical composition thereof, such that an immune response to the tumor is stimulated 

in the subject.  In one aspect, the tumor is a liver cancer, a colorectal cancer, a pancreatic 

cancer, a non-small cell lung cancer (NSCLC), a melanoma cancer, a cervical cancer or a 

head or neck cancer.   5 

In another aspect, the disclosure provides a composition comprising: 

(i) a first mRNA comprising an open reading frame encoding a concatemer of 4 

KRAS activating oncogene mutation peptides, wherein the concatemer comprises from N- to 

C- terminus G12D, G12V, G13D, and G12C, and 

(ii) a second mRNA comprising an open reading frame encoding a constitutively 10 

active human STING polypeptide, wherein the constitutively active human STING 

polypeptide comprises mutation V155M,   

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1; 

and a pharmaceutically acceptable carrier.   15 

In some aspects of the foregoing composition, the concatemer of 4 KRAS activating 

oncogene mutation peptides comprises the amino acid sequence set forth in SEQ ID NO: 137.  

In some aspects, the first mRNA encoding the concatemer of 4 KRAS activating oncogene 

mutation peptides comprises the nucleotide sequence set forth in SEQ ID NO: 169.  In some 

aspects, the constitutively active human STING polypeptide comprises the amino acid 20 

sequence shown in SEQ ID NO: 1.  In some aspects, the mRNA encoding the constitutively 

active human STING polypeptide comprises the nucleotide sequence shown in SEQ ID NO: 

170.  In some aspects, the first mRNA comprises a 5’ UTR comprising the nucleotide 

sequence set forth in SEQ ID NO: 176.  In some aspects, the second mRNA comprises a 5’ 

UTR comprising the nucleotide sequence set forth in SEQ ID NO: 176.  In some aspects, the 25 

second mRNA encoding the constitutively active human STING polypeptide comprises a 3’ 

UTR having a miR-122 microRNA binding site.  In some aspects, the miR-122 microRNA 

binding site comprises the nucleotide sequence shown in SEQ ID NO: 175.  In some aspects, 

the first mRNA and second mRNA each comprise a poly A tail.  In some aspects, the poly A 

tail comprises about 100 nucleotides.  In some aspects, the first and second mRNAs each 30 

comprise a 5’ Cap 1 structure.  In some aspects, the first and second mRNAs each comprise 

at least one chemical modification.  In some aspects, the chemical modification is N1-

methylpseudouridine.  In some aspects, the first mRNA is fully modified with N1-

methylpseudouridine.  In some aspects, the second mRNA is fully modified with N1-
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methylpseudouridine.  In some aspects, the pharmaceutically acceptable carrier comprises a 

buffer solution. 

In another aspect, the disclosure provides a composition comprising: 

(i) a first mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 167, 

and 5 

(ii) a second mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 

168,   

wherein the first and second mRNA are each fully modified with N1-

methylpseudouridine, and  

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 10 

selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1; 

and a pharmaceutically acceptable carrier. 

 In one aspect of the foregoing composition, the pharmaceutically acceptable carrier 

comprises a buffer solution.   

In any of the foregoing or related aspects, the disclosure provides a composition 15 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 1:1. 

In any of the foregoing or related aspects, the disclosure provides a composition 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 2:1. 

In any of the foregoing or related aspects, the disclosure provides a composition 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 3:1. 20 

In any of the foregoing or related aspects, the disclosure provides a composition 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 4:1. 

In any of the foregoing or related aspects, the disclosure provides a composition 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 5:1. 

In any of the foregoing or related aspects, the disclosure provides a composition 25 

wherein the first and second mRNAs are present KRAS:STING mass ratio of 6:1. 

 In any of the foregoing or related aspects, the disclosure provides a composition 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 7:1. 

In any of the foregoing or related aspects, the disclosure provides a composition 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 8:1. 30 

In any of the foregoing or related aspects, the disclosure provides a composition 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 9:1. 

In any of the foregoing or related aspects, the disclosure provides a composition 

wherein the first and second mRNAs are present at a KRAS:STING mass ratio of 10:1. 
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In any of the foregoing or related aspects, the disclosure provides a composition 

which is formulated in a lipid nanoparticle.  In some aspects, the lipid nanoparticle comprises 

a molar ratio of about 20-60% ionizable amino lipid: 5-25% phospholipid: 25-55% sterol; 

and 0.5-15% PEG-modified lipid.  In some aspects, the lipid nanoparticle comprises a molar 

ratio of about 50% Compound 25: about 10% DSPC: about 38.5% cholesterol; and about 5 

1.5% PEG-DMG.  

In any of the foregoing or related aspects, the disclosure provides a composition 

which is formulated for intramuscular delivery. 

In some aspects, the disclosure provides a lipid nanoparticle comprising: 

(i) a first mRNA comprising an open reading frame encoding a concatemer of 4 10 

KRAS activating oncogene mutation peptides, wherein the concatemer comprises from N- to 

C- terminus G12D, G12V, G13D, and G12C; and 

(ii) a second mRNA comprising an open reading frame encoding a constitutively 

active human STING polypeptide, wherein the constitutively active human STING 

polypeptide comprises mutation V155M,   15 

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

of 5:1. 

In some aspects of the foregoing lipid nanoparticle, the concatemer of 4 KRAS 

activating oncogene mutation peptides comprises the amino acid sequence set forth in SEQ 

ID NO: 137.  In some aspects, the first mRNA encoding the concatemer of 4 KRAS 20 

activating oncogene mutation peptides comprises the nucleotide sequence set forth in SEQ ID 

NO: 169. In some aspects, the constitutively active human STING polypeptide comprises the 

amino acid sequence shown in SEQ ID NO: 1.  In some aspects, the mRNA encoding the 

constitutively active human STING polypeptide comprises the nucleotide sequence shown in 

SEQ ID NO: 170.  In some aspects, the first mRNA comprises a 5’ UTR comprising the 25 

nucleotide sequence shown in SEQ ID NO: 176.  In some aspects, the second mRNA 

comprises a 5’ UTR comprising the nucleotide sequence shown in SEQ ID NO: 176.  In 

some aspects, the second mRNA encoding the constitutively active human STING 

polypeptide comprises a 3’ UTR having a miR-122 microRNA binding site.  In some aspects, 

the miR-122 microRNA binding site comprises the nucleotide sequence shown in SEQ ID 30 

NO: 175.  In some aspects, the first and second mRNAs each comprise a poly A tail.  In some 

aspects, the poly A tail comprises about 100 nucleotides.  In some aspects, the first and 

second mRNAs each comprise a 5’ Cap 1 structure.  In some aspects, the first and second 

mRNAs each comprise at least one chemical modification.  In some aspects, the chemical 
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modification is N1-methylpseudouridine.  In some aspects, the first mRNA is fully modified 

with N1-methylpseudouridine.  In some aspects, the second mRNA is fully modified with 

N1-methylpseudouridine. 

In some aspects, the disclosure provides a lipid nanoparticle comprising: 

(i) a first mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 167; 5 

and 

(ii) a second mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 

168,   

wherein the first and second mRNA are each fully modified with N1-

methylpseudouridine, and  10 

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

of 5:1. 

In some aspects of the foregoing lipid nanoparticle, the lipid nanoparticle comprises a 

molar ratio of about 20-60% ionizable amino lipid: 5-25% phospholipid: 25-55% sterol; and 

0.5-15% PEG-modified lipid.  In some aspects, the ionizable amino lipid comprises a 15 

compound of any of Formulae (I), (IA), (II), (IIa), (IIb), (IIc), (IId), and (IIe).  In some 

aspects, the ionizable amino lipid comprises a compound of Formula (I).  In some aspects, the 

compound of Formula (I) is Compound 25.  In some aspects, the lipid nanoparticle comprises 

a molar ratio of about 50% Compound 25: about 10% DSPC: about 38.5% cholesterol; and 

about 1.5% PEG-DMG.   20 

In any of the foregoing or related aspects, the disclosure provides pharmaceutical 

composition comprising the lipid nanoparticle, and a pharmaceutically acceptable carrier.  In 

some aspects, the pharmaceutical composition is formulated for intramuscular delivery.   

In any of the foregoing or related aspects, the disclosure provides a lipid nanoparticle, 

and an optional pharmaceutically acceptable carrier, or a pharmaceutical composition for use 25 

in treating or delaying progression of cancer in an individual, wherein the treatment 

comprises administration of the composition in combination with a second composition, 

wherein the second composition comprises a checkpoint inhibitor polypeptide and an 

optional pharmaceutically acceptable carrier. 

In any of the foregoing or related aspects, the disclosure provides use of a lipid 30 

nanoparticle, and an optional pharmaceutically acceptable carrier, in the manufacture of a 

medicament for treating or delaying progression of cancer in an individual, wherein the 

medicament comprises the lipid nanoparticle and an optional pharmaceutically acceptable 

carrier and wherein the treatment comprises administration of the medicament in combination 
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with a composition comprising a checkpoint inhibitor polypeptide and an optional 

pharmaceutically acceptable carrier. 

In any of the foregoing or related aspects, the disclosure provides a kit comprising a 

container comprising a lipid nanoparticle, and an optional pharmaceutically acceptable 

carrier, or a pharmaceutical composition, and a package insert comprising instructions for 5 

administration of the lipid nanoparticle or pharmaceutical composition for treating or 

delaying progression of cancer in an individual.  In some aspects, the package insert further 

comprises instructions for administration of the lipid nanoparticle or pharmaceutical 

composition in combination with a composition comprising a checkpoint inhibitor 

polypeptide and an optional pharmaceutically acceptable carrier for treating or delaying 10 

progression of cancer in an individual. 

In any of the foregoing or related aspects, the disclosure provides a kit comprising a 

medicament comprising a lipid nanoparticle, and an optional pharmaceutically acceptable 

carrier, or a pharmaceutical composition, and a package insert comprising instructions for 

administration of the medicament alone or in combination with a composition comprising a 15 

checkpoint inhibitor polypeptide and an optional pharmaceutically acceptable carrier for 

treating or delaying progression of cancer in an individual.  In some aspects, the kit further 

comprises a package insert comprising instructions for administration of the first medicament 

prior to, current with, or subsequent to administration of the second medicament for treating 

or delaying progression of cancer in an individual.  20 

In any of the foregoing or related aspects, the disclosure provides a lipid nanoparticle, 

a composition, or the use thereof, or a kit comprising a lipid nanoparticle or a composition as 

described herein, wherein the checkpoint inhibitor polypeptide inhibits PD1, PD-L1, CTLA4, 

or a combination thereof.  In some aspects, the checkpoint inhibitor polypeptide is an 

antibody.  In some aspects, the checkpoint inhibitor polypeptide is an antibody selected from 25 

an anti-CTLA4 antibody or antigen-binding fragment thereof that specifically binds CTLA4, 

an anti-PD1 antibody or antigen-binding fragment thereof that specifically binds PD1, an 

anti-PD-L1 antibody or antigen-binding fragment thereof that specifically binds PD-L1, and a 

combination thereof.  In some aspects,  the checkpoint inhibitor polypeptide is an anti-PD-L1 

antibody selected from atezolizumab, avelumab, or durvalumab. In some aspects, the 30 

checkpoint inhibitor polypeptide is an anti-CTLA-4 antibody selected from tremelimumab or 

ipilimumab. In some aspects, the checkpoint inhibitor polypeptide is an anti-PD1 antibody 

selected from nivolumab or pembrolizumab.  In some asepcts, the checkpoint inhibitor 

polypeptide is an anti-PD1 antibody, wherein the anti-PD1 antibody is pembrolizumab. 
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In related aspects, the disclosure provides a method of reducing or decreasing a size 

of a tumor or inhibiting a tumor growth in a subject in need thereof comprising administering 

to the subject any of the foregoing or related lipid nanoparticles of the disclosure, or any of 

the foregoing or related compositions of the disclosure.   

In related aspects, the disclosure provides a method inducing an anti-tumor response 5 

in a subject with cancer comprising administering to the subject any of the foregoing or 

related lipid nanoparticles of the disclosure, or any of the foregoing or related compositions 

of the disclosure.  In some aspects, the anti-tumor response comprises a T-cell response.  In 

some aspects, the T-cell response comprises CD8+ T cells.   

In some aspects of the foregoing methods, the composition is administered by 10 

intramuscular injection. 

In some aspects of the foregoing methods, the method further comprises 

administering a second composition comprising a checkpoint inhibitor polypeptide, and an 

optional pharmaceutically acceptable carrier.  In some aspects, the checkpoint inhibitor 

polypeptide inhibits PD1, PD-L1, CTLA4, or a combination thereof.  In some aspects, the 15 

checkpoint inhibitor polypeptide is an antibody.  In some aspects, the checkpoint inhibitor 

polypeptide is an antibody selected from an anti-CTLA4 antibody or antigen-binding 

fragment thereof that specifically binds CTLA4, an anti-PD1 antibody or antigen-binding 

fragment thereof that specifically binds PD1, an anti-PD-L1 antibody or antigen-binding 

fragment thereof that specifically binds PD-L1, and a combination thereof.  In some aspects, 20 

the checkpoint inhibitor polypeptide is an anti-PD-L1 antibody selected from atezolizumab, 

avelumab, or durvalumab.  In some aspects, the checkpoint inhibitor polypeptide is an anti-

CTLA-4 antibody selected from tremelimumab or ipilimumab. In some aspects, the 

checkpoint inhibitor polypeptide is an anti-PD1 antibody selected from nivolumab or 

pembrolizumab.  In some asepcts, the checkpoint inhibitor polypeptide is an anti-PD1 25 

antibody, wherein the anti-PD1 antibody is pembrolizumab. 

In some aspects of any of the foregoing or related methods, the composition 

comprising the checkpoint inhibitor polypeptide is administered by intravenous injection.  In 

some aspects, the composition comprising the checkpoint inhibitor polypeptide is 

administered once every 2 to 3 weeks.  In some aspects, the composition comprising the 30 

checkpoint inhibitor polypeptide is administered once every 2 weeks or once every 3 weeks.  

In some aspects, the composition comprising the checkpoint inhibitor polypeptide is 

administered prior to, concurrent with, or subsequent to administration of the lipid 

nanoparticle or pharmaceutical composition thereof.   
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In some aspects of any of the foregoing or related methods, the subject has a 

histologically confirmed KRAS mutation selected from G12D, G12V, G13D or G12C.  

In some aspects of any of the foregoing or related methods, the subject has metastatic 

colorectal cancer. 

In some aspects of any of the foregoing or related methods, the subject has 5 

non-small cell lung cancer (NSCLC). 

In some aspects of any of the foregoing or related methods, the subject has pancreatic 

cancer 

 In other aspects, the disclosure provides a method of reducing or decreasing a size of a 

tumor, inhibiting a tumor growth or inducing an anti-tumor response in a subject in need thereof, 10 

comprising administering to the subject an immunomodulatory therapeutic composition comprising: 

one or more first mRNA each comprising an open reading frame encoding a KRAS activating 

oncogene mutation peptide, and optionally one or more second mRNA each comprising an open 

reading frame encoding a constitutively active human STING polypeptide, and optionally wherein the 

first mRNA and second mRNA are at a mass ratio selected from the group consisting of 1:1, 2:1, 3:1, 15 

4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1; and a pharmaceutically acceptable carrier, thereby reducing or 

decreasing a size of a tumor, inhibiting a tumor growth or inducing an anti-tumor response in the 

subject.  In some aspects, the composition comprises 1, 2, 3, or 4 mRNAs encoding 1, 2, 3, or 4 

KRAS activating oncogene mutation peptides.  In some aspects, the composition comprises 4 mRNAs 

encoding 4 KRAS activating oncogene mutation peptides.  In some aspects, the 4 KRAS activating 20 

oncogene mutation peptides comprise G12D, G12V, G12C, and G13D.    

In other aspects, the method comprises administering an immunomodulatory therapeutic 

composition comprising a first, second, third, fourth, and fifth mRNA, wherein  

the first mRNA comprises an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12D;  25 

the second mRNA comprises an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprises G12V;  

the third mRNA comprises an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12C;  

the fourth mRNA comprises an open reading frame encoding a KRAS activating oncogene 30 

mutation peptide comprising G13D; and 

the fifth mRNA comprises an open reading frame encoding a constitutively active human 

STING polypeptide,  

wherein the first, second, third, fourth and fifth mRNAs are present at a KRAS:STING mass 

ratio selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. 35 
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In some aspects, KRAS activating oncogene mutation peptides comprise the amino acid 

sequences set forth in SEQ ID NOs: 39-41 and 72. In some aspects, the mRNA encoding the KRAS 

activating oncogene mutation peptide comprises the nucleotide sequences set forth in SEQ ID NOs: 

126-128 and 132. 

 In other aspects, the method comprises administering an immunomodulatory therapeutic 5 

composition comprising an mRNA comprising an open reading frame encoding a concatemer of two 

or more KRAS activating oncogene mutation peptides.  In some aspects, the concatemer comprises 

G12D, G12V, G12C, and G13D. In some aspects, the concatemer comprises from N- to C- terminus 

G12D, G12V, G13D, and G12C. In some aspects, the concatemer comprises from N- to C- terminus 

G12C, G13D, G12V, and G12D. In some aspects, the concatemer comprises an amino acid sequence 10 

selected from the group set forth in SEQ ID NOs: 42-47, 73 and 137.  In some aspects, the mRNA 

encoding the concatemer comprises the nucleotide sequence selected from the group set forth in SEQ 

ID NOs: 129-131, 133 and 138. 

 In some aspects, the disclosure provides a method of reducing or decreasing a size of a tumor, 

inhibiting a tumor growth or inducing an anti-tumor response in a subject in need thereof, comprising 15 

administering to the subject a lipid nanoparticle comprising:  

(i) one or more first mRNAs selected from the group consisting of: 

(a) an mRNA comprising an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12D;  

(b) an mRNA comprising an open reading frame encoding a KRAS activating oncogene 20 

mutation peptide comprising G12V; 

(c) an mRNA comprising an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12C; 

(d) an mRNA comprising an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G13D; 25 

(e) an mRNA comprising an open reading frame encoding a concatemer of 2, 3, or 4 

KRAS activating oncogene mutation peptides, wherein the KRAS activating 

oncogene mutation peptides comprise G12D, G12V, G12C, and G13D; and  

(f) any combination of mRNAs set forth in (a)-(d); and 

(ii) one or more second mRNAs each comprising an open reading frame encoding a 30 

constitutively active human STING polypeptide, optionally 

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1, 

thereby reducing or decreasing a size of a tumor, inhibiting a tumor growth or inducing an 

anti-tumor response in the subject. 35 

In some aspects, the lipid nanoparticle comprises  

(i) a combination of mRNAs set forth in (a)-(d); and  
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(ii) a second mRNA comprising an open reading frame encoding a constitutively active 

human STING polypeptide, wherein the constitutively active human STING polypeptide comprises 

mutation V155M,   

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. 5 

In some aspects, the lipid nanoparticle comprises 

(i) a first mRNA comprises an open reading frame encoding a concatemer of 4 KRAS 

activating oncogene mutation peptides, wherein the concatemer comprises from N- to C- terminus 

G12D, G12V, G13D, and G12C; and 

(ii) a second mRNA comprising an open reading frame encoding a constitutively active 10 

human STING polypeptide, wherein the constitutively active human STING polypeptide comprises 

mutation V155M,   

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. 

In some aspects, the disclosure provides a method of reducing or decreasing a size of a tumor, 15 

inhibiting a tumor growth or inducing an anti-tumor response in a subject in need thereof, comprising 

administering to the subject a lipid nanoparticle comprising:  

(i) a first mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 167; and 

(ii) a second mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 168,   

wherein the first and second mRNA are each fully modified with N1-methylpseudouridine, 20 

and wherein the first mRNA and second mRNA are present at a mass ratio of 5:1.  In some aspects, 

the lipid nanoparticle comprises a molar ratio of about 50% Compound 25: about 10% DSPC: about 

38.5% cholesterol; and about 1.5% PEG-DMG.  

In some aspects, the lipid nanoparticle or composition is administered by intramuscular 

injection. 25 

In some aspects, the anti-tumor response comprises a T-cell response, such as a  

CD8+ T cell response. 

 In some aspects, the disclosure provides a method of reducing or decreasing a size of a tumor, 

inhibiting a tumor growth or inducing an anti-tumor response in a subject in need thereof, comprising 

administering to the subject an immunomodulatory therapeutic composition or lipid nanoparticle of 30 

the disclosure in combination with (prior to, concurrent with or consecutively) a second composition 

comprising a checkpoint inhibitor polypeptide or polynucleotide encoding the same, and an optional 

pharmaceutically acceptable carrier. In some aspects, the checkpoint inhibitor polypeptide inhibits 

PD1, PD-L1, CTLA4, or a combination thereof.  In some aspects,  

the checkpoint inhibitor polypeptide is an antibody.  In some aspects, the checkpoint inhibitor 35 

polypeptide is an antibody selected from an anti-CTLA4 antibody or antigen-binding fragment thereof 

that specifically binds CTLA4, an anti-PD1 antibody or antigen-binding fragment thereof that 



  MDN-015PC 

31 

specifically binds PD1, an anti-PD-L1 antibody or antigen-binding fragment thereof that specifically 

binds PD-L1, and a combination thereof.  In some aspects, the checkpoint inhibitor polypeptide is an 

anti-PD-L1 antibody selected from atezolizumab, avelumab, or durvalumab.  In some aspects, the 

checkpoint inhibitor polypeptide is an anti-CTLA-4 antibody selected from tremelimumab or 

ipilimumab. In some aspects, the checkpoint inhibitor polypeptide is an anti-PD1 antibody selected 5 

from nivolumab or pembrolizumab. 

In some aspects, the composition comprising the checkpoint inhibitor polypeptide is 

administered by intravenous injection.  In some aspects, the composition comprising the checkpoint 

inhibitor polypeptide is administered once every 2 to 3 weeks.  In some aspects, the composition 

comprising the checkpoint inhibitor polypeptide is administered once every 2 weeks or once every 3 10 

weeks.  In some aspects, the composition comprising the checkpoint inhibitor polypeptide is 

administered prior to, concurrent with, or subsequent to administration of the lipid nanoparticle or 

composition. 

In some aspects, the disclosure provides methods for treating subjects having a histologically 

confirmed KRAS mutation selected from G12D, G12V, G13D or G12C.   In some aspects, the subject 15 

has a histologically confirmed HLA subtype selected from HLA-A11 and/or HLA-C*08.    

In some aspects, wherein the tumor is metastatic colorectal cancer.  In some aspects, the 

tumor is non-small cell lung cancer (NSCLC).  In some aspects, the tumor is pancreatic cancer. 

In some aspects, the subject is administered a chemotherapeutic agent prior to, concurrent 

with, or subsequent to administration of the lipid nanoparticle or composition. 20 

 

Brief Description of the Drawings 

FIG. 1 is a bar graph showing stimulation of IFN-β production in TF1a cells 

transfected with constitutively active STING mmRNA constructs. 

FIG. 2 is a bar graph showing activation of an interferon-sensitive response element 25 

(ISRE) by constitutively active STING constructs.  STING variants 23a and 23b correspond 

to SEQ ID NO: 1, STING variant 42 corresponds to SEQ ID NO: 2, STING variants 19, 21a 

and 21b correspond to SEQ ID NO: 3, STING variant 41 corresponds to SEQ ID NO: 4, 

STING variant 43 corresponds to SEQ ID NO: 5, STING variant 45 corresponds to SEQ ID 

NO: 6, STING variant 46 corresponds to SEQ ID NO: 7, STING variant 47 corresponds to 30 

SEQ ID NO: 8, STING variant 56 corresponds to SEQ ID NO: 9 and STING variant 57 

corresponds to SEQ ID NO: 10. 

FIGs. 3A-3B are bar graphs showing activation of an interferon-sensitive response 

element (ISRE) by constitutively active IRF3 constructs (FIG. 3A) or constitutively active 

IRF7 constructs (FIG. 3B). IRF3 variants 1, 3 and 4 correspond to SEQ ID NO: 12 and IRF3 35 



  MDN-015PC 

32 

variants 2 and 5 correspond to SEQ ID NO: 11 (variants have different tags).  IRF7 variant 36 

corresponds to SEQ ID NO: 18 and variant 31 is the murine version of SEQ ID NO: 18.  

IRF7 variant 32 corresponds to SEQ ID NO: 17 and IRF7 variant 33 corresponds to SEQ ID 

NO: 14.   

FIG. 4 is a bar graph showing activation of an NFκB-luciferase reporter gene by 5 

constitutively active cFLIP and IKKβ mRNA constructs. 

FIG. 5 is a graph showing activation of an NFκB-luciferase reporter gene by 

constitutively active RIPK1 mRNA constructs. 

FIG. 6 is a bar graph showing TNF-α induction in SKOV3 cells transfected with 

DIABLO mmRNA constructs. 10 

FIG. 7 is a bar graph showing interleukin 6 (IL-6) induction in SKOV3 cells 

transfected with DIABLO mmRNA constructs. 

FIGs. 8A-8B are graphs showing MC38 antigen-specific responses by IFN-γ 

intracellular staining (ICS) of day 21 (FIG. 8A) or day 35 (FIG. 8B) CD8+ spenocytes from 

mice immunized with MC38 neo-antigen vaccine construct (ADRvax) coformulated with 15 

either a STING, IRF3 or IRF7 immune potentiator mRNA construct. 

FIGs. 9A-9B are graphs showing the percentage of CD8b+ cells among live CD45+ 

cells in spleen or PBMCs (FIG.9A) or the percentage of CD62Llo cells among CD8b+ cell in 

spleen or PBMCs (FIG. 9B) from mice immunized with MC38 neo-antigen vaccine construct 

(ADRvax) coformulated with either a STING, IRF3 or IRF7 immune potentiator mRNA 20 

construct.   

FIG. 10 depicts NRAS and KRAS mutation frequency in colorectal cancer as 

identified using cBioPortal. 

FIGs. 11A-11B are graphs showing intracellular staining (ICS) of CD8+ splenocytes 

from mice immunized with HPV E6/E7 vaccine constructs coformulated with either a 25 

STING, IRF3 or IRF7 immune potentiator mRNA construct on day 21 post first 

immunization.  FIG. 11A shows E7-specific responses for IFN-γ ICS.  FIG. 11B shows E7-

specific responses for TNF-α ICS.   

FIGs. 12A-12B are graphs showing intracellular staining (ICS) of CD8+ splenocytes   

from mice immunized with HPV E6/E7 vaccine constructs coformulated with either a 30 

STING, IRF3 or IRF7 immune potentiator mRNA construct.  FIG. 12A shows E6-specific 

responses for IFN-γ ICS.  FIG. 12B shows E6-specific responses for TNF-α ICS.   
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FIGs. 13A-13B are graphs showing E7-specific responses for IFN-γ intracellular 

staining (ICS) of day 21 (FIG. 13A) or day 53 (FIG. 13B) CD8+ splenocytes from mice 

immunized with HPV E6/E7 vaccine constructs coformulated with either a STING, IRF3 or 

IRF7 immune potentiator mRNA construct.  

FIGs. 14A-14B are graphs showing the percentage of CD8b+ cells among the live 5 

CD45+ cells for day 21 (FIG. 14A) or day 53 (FIG. 14B) spleen cells from mice immunized 

with HPV E6/E7 vaccine constructs coformulated with either a STING, IRF3 or IRF7 

immune potentiator mRNA construct.  

FIGs. 15A-15B are graphs showing E7-MHC1-tetramer staining of day 21 (FIG. 

15A) or day 53 (FIG. 15B) CD8b+ splenocytes from mice immunized with HPV E6/E7 10 

vaccine constructs coformulated with either a STING, IRF3 or IRF7 immune potentiator 

mRNA construct.  

FIGs. 16A-16D are graphs showing that the majority of E7-tetramer+ CD8+ cells have 

an “effector memory” CD62Llo phenotype, with comparison of day 21 versus day 53 E7-

tetramer+ CD8 cells demonstrating that this “effector-memory” CD62Llo phenotype was 15 

maintained throughout the study.  FIGs. 16A (d21) and 16B (d53) show increased % of CD8 

with effector memory ‘CD62Llo phenotype.  FIGs. 16C and 16D show increased % of E7-

tetramer+ CD8 are CD62Llo.  

FIGs. 17A-17C are graphs showing tumor volume from mice vaccinated 

prophylactically as indicated with HPV E6/E7 construct together with a STING immune 20 

potentiator mRNA construct (alone or in combination with anti-CTLA-4 or anti-PD1 

treatment), either prior to or at the time of challenge with a TC1 tumor that expresses HPV 

E7, showing inhibition of tumor growth by the HPV E6/E7 + STING treatment.  Certain mice 

were treated on days -14 and -7 with soluble E6/E7 + STING (FIG. 17A) or with 

intracellular E6/E7 + STING (FIG. 17B), with tumor challenge on day 1.  Other mice were 25 

treated on days 1 and 8 with soluble E6/E7 + STING (FIG. 17C), with tumor challenge on 

day 1.  

FIGs. 18A-18I are graphs showing tumor volume from mice vaccinated 

therapeutically as indicated with HPV E6/E7 construct together with a STING immune 

potentiator mRNA construct (FIG.18A), alone or in combination with anti-CTLA-4 (FIG. 30 

18B) or anti-PD1 treatment (FIG. 18C), after challenge with a TC1 tumor that expresses 

HPV E7, showing inhibition of tumor growth by the HPV E6/E7 + STING treatment.  FIGs. 

18D-18I show control treatments.  
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FIG. 19 is a graph showing intracellular staining (ICS) of CD8+ splenocytes for IFN-γ 

from mice immunized with an ADR vaccine construct coformulated with a STING immune 

potentiator at the indicated Ag:STING ratios on day 21 post first immunization.  CD8+ cells 

were restimulated with either the mutant ADR antigen composition (comprising three 

peptides) or the wild-type ADR composition (as a control).  5 

FIG. 20 is a graph showing intracellular staining (ICS) of CD8+ splenocytes for TNF-

α from mice immunized with an ADR vaccine construct coformulated with a STING immune 

potentiator at the indicated Ag:STING ratios on day 21 post first immunization.  CD8+ cells 

were restimulated with either the mutant ADR antigen composition (comprising three 

peptides) or the wild-type ADR composition (as a control). 10 

FIGs. 21A-21C are graphs showing intracellular staining (ICS) of CD8+ splenocytes 

for IFN-γ from mice immunized with an ADR vaccine construct coformulated with a STING 

immune potentiator at the indicated Ag:STING ratios on day 21 post first immunization.  

CD8+ cells were restimulated with either a mutant or wild-type (as a control) peptide 

contained within the ADR antigen composition.  FIG. 21A shows responses to the Adpk1 15 

peptide within the ADR composition.  FIG. 21B shows the response to the Reps1 peptide 

within the ADR composition.  FIG. 21C shows the response to the Dpagt1 peptide within the 

ADR composition. 

FIG. 22 is a graph showing antigen-specific T cell responses to MHC class I epitopes 

within the CA-132 vaccine, as measured by ELISpot analysis for IFN-γ, from mice treated 20 

with a coformulation of CA-132 and STING immune potentiator, at the indicated different 

Ag: STING ratios. 

FIGs. 23A-23B show results for Ag:STING ratio studies from mice immunized with 

HPV E6/E7 vaccine construct coformulated with a STING immune protentiator mRNA 

construct.  FIG. 23A shows intracellular staining (ICS) of CD8+ splenocytes for IFN-γ from 25 

mice immunized at the indicated Ag:STING ratios on day 21 post immunization.  FIG. 23B 

shows H2-Kb/E7 peptide-tetramer staining of day 21 CD8+ splenocytes from mice 

immunized at the indicated Ag:STING ratios. 

FIGs. 24A-24C are bar graphs showing TNFα intracellular staining (ICS) results for 

CD8+ T cells from cynomolgus monkeys vaccinated with HPV vaccine + STING constructs, 30 

followed by ex vivo stimulation with either HPV16 E6 peptide pool (FIG. 24A), HPV16 E7 

peptide pool (FIG. 24B) or medium (negative control) (FIG. 24C). 
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FIGs. 25A-25C are bar graphs showing IL-2 intracellular staining (ICS) results for 

CD8+ T cells from cynomolgus monkeys vaccinated with HPV vaccine + STING constructs, 

followed by ex vivo stimulation with either HPV16 E6 peptide pool (FIG. 25A), HPV16 E7 

peptide pool (FIG. 25B) or medium (negative control) (FIG. 25C). 

FIG. 26 is a graph showing ELISA results for anti-E6 IgG in serum from cynomolgus 5 

monkeys vaccinated/immunized with HPV vaccine + STING constructs. 

FIG. 27 is a graph showing ELISA results for anti-E7 IgG in serum from cynomolgus 

monkeys vaccinated/immunized with HPV vaccine + STING constructs. 

FIG. 28 is a graph showing ELISA results for anti-E6 IgG in a two-fold dilution 

series of day 25 serum from cynomolgus monkeys treated with HPV vaccine + STING 10 

construct at a 1:10 STING:Ag ratio. 

FIGs. 29A-29B are graphs showing calculated titer values of ELISA results for anti-

E6 IgG (FIG. 29A) or anti-E7 IgG (FIG. 29B) in day 25 serum from cynomolgus monkeys 

treated with HPV vaccine + STING construct at the indicated STING:Ag ratios. 

FIG. 30 is a graph showing the intracellular staining (ICS) results for CD8+ 15 

splenocytes for IFNγ from mice immunized with mutant KRAS vaccine + STING construct 

followed by ex vivo stimulation with KRAS-G12V peptide. 

FIG. 31 is a graph showing the intracellular staining (ICS) results for CD8+ 

splenocytes for IFNγ from mice immunized with mutant KRAS vaccine + STING construct 

followed by ex vivo stimulation with KRAS-G12D peptide. 20 

FIG. 32 is a graph showing the intracellular staining (ICS) results or CD8+ 

splenocytes for IFNγ from mice immunized with mutant KRAS vaccine + STING construct 

followed by ex vivo co-culture with Cos7 cells virally transduced with HLA*A11 allele and 

pulsed with KRAS-G12V. 

FIG. 33 is a graph showing the intracellular staining (ICS) results or CD8+ 25 

splenocytes for IFN-g from mice immunized with mutant KRAS vaccine + STING construct 

followed by ex vivo co-culture with Cos7 cells virally transduced with HLA*A11 allele and 

pulsed with KRAS-G12D. 

FIG. 34 is a graph showing the intracellular staining (ICS) results or CD8+ 

splenocytes for IFN-g from mice immunized with an A11 viral epitope concatemer + STING 30 

construct followed by ex vivo stimulation with individual viral epitopes. 

 

Detailed Description 
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 Provided herein are immunomodulatory therapeutic compositions, including mRNA 

compositions and/or lipid nanoparticles comprising the same, comprising one or more RNAs 

(e.g., messenger RNAs (mRNAs)) that can safely direct the body’s cellular machinery to 

produce a cancer protein or fragment thereof of interest, e.g., an activating oncogene 

mutation peptide.  In some embodiments, the RNA is a modified RNA.  The 5 

immunomodulatory therapeutic compositions and lipid nanoparticles of the present disclosure 

may be used to induce a balanced immune response against cancers, comprising both cellular 

and humoral immunity, without risking the possibility of insertional mutagenesis, for 

example.  

 Accordingly, in some aspects, the disclosure provides an immunomodulatory 10 

therapeutic composition, including a lipid-based composition such as a lipid nanoparticles, 

comprising: one or more mRNA each having an open reading frame encoding an activating 

oncogene mutation peptide, and optionally one or more mRNA each having an open reading 

frame encoding a polypeptide that enhances an immune response to the activating oncogene 

mutation peptide in a subject, wherein the immune response comprises a cellular or humoral 15 

immune.   

 In one aspect, the disclosure provides an immunomodulatory therapeutic composition 

comprising four different activating oncogene mutation peptides (e.g., KRAS G12D, G12C, 

G12V and G13D), which is capable of treating patients having any one of colorectal cancer, 

pancreactic carcinoma, and non-small cell lung carcinoma.  The ability to target to four 20 

different mutations and three different cancers is a significant advantage of the compositions 

and methods provided herein. 

 An mRNA encoding a polypeptide that enhances an immune response to the 

activating oncogene mutation peptide in a subject is also referred to herein as "an immune 

potentiator mRNA" or "mRNA encoding an immune potentiator" or simply "immune 25 

potentiator."  An enhanced immune response can be a cellular response, a humoral response 

or both.  As used herein, a “cellular” immune response is intended to encompass immune 

responses that involve or are mediated by T cells, whereas a “humoral” immune response is 

intended to encompass immune responses that involve or are mediated by B cells.  An mRNA 

encoding an immune potentiator may enhance an immune response by, for example,  30 

 (i) stimulating Type I interferon pathway signaling; 

 (ii) stimulating NFkB pathway signaling; 
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 (iii) stimulating an inflammatory response; 

 (iv) stimulating cytokine production; or  

 (v) stimulating dendritic cell development, activity or mobilization; and  

 (vi) a combination of any of (i)-(v). 

 As used herein, “stimulating Type I interferon pathway signaling” is intended to 5 

encompass activating one or more components of the Type I interferon signaling pathway 

(e.g., modifying phosphorylation, dimerization or the like of such components to thereby 

activate the pathway), stimulating transcription from an interferon-sensitive response element 

(ISRE) and/or stimulating production or secretion of Type I interferon (e.g., IFN-α, IFN-β, 

IFN-ε, IFN-κ and/or IFN-ω).  As used herein, “stimulating NFkB pathway signaling” is 10 

intended to encompass activating one or more components of the NFkB signaling pathway 

(e.g., modifying phosphorylation, dimerization or the like of such components to thereby 

activate the pathway), stimulating transcription from an NFkB site and/or stimulating 

production of a gene product whose expression is regulated by NFkB.   As used herein, 

“stimulating an inflammatory response” is intended to encompass stimulating the production 15 

of inflammatory cytokines (including but not limited to Type I interferons, IL-6 and/or 

TNFα).  As used herein, “stimulating dendritic cell development, activity or mobilization” is 

intended to encompass directly or indirectly stimulating dendritic cell maturation, 

proliferation and/or functional activity.  

 The present disclosure provides compositions, including mRNA compositions and/or 20 

lipid nanoparticles comprising the same, which include one or more mRNA constructs 

encoding a polypeptide that enhances immune responses to an activating oncogene mutation 

peptide (also referred to herein as "an antigen of interest"), referred to herein as immune 

potentiator mRNA or immune potentiator mRNAs, including chemically modified mRNAs 

(mmRNAs).  The immune potentiator mRNAs of the disclosure enhance immune responses 25 

by, for example, activating Type I interferon pathway signaling such that antigen-specific 

responses to an antigen of interest (i.e., activating oncogene mutation peptide(s)) are 

stimulated.   

 The immune potentiator mRNAs of the disclosure enhance immune responses to an 

exogenous antigen that is administered to the subject with the immune potentiator mRNA 30 

(e.g., an mRNA construct encoding activating oncogene mutation peptide(s) that is 

coformulated and coadministered with the immune potentiator mRNA or an mRNA construct 
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encoding activating oncogene mutation peptide(s) that is formulated and administered 

separately from the immune potentiator mRNA).  Administration of an immune potentiator 

mRNA enhances an immune response in a subject by stimulating, for example, cytokine 

production, T cells responses (e.g., antigen-specific CD8+ or CD4+ T cell responses) or B cell 

responses (e.g., antigen-specific antibody production) in the subject.  5 

 In other aspects, the disclosure provides compositions, including mRNA compositions 

and lipid nanoparticles, comprising one or more mRNA constructs (e.g., one or more 

mmRNA constructs), wherein the one or more mRNA constructs encode an activating 

oncogene mutation peptide(s) and, in the same or a separate mRNA construct, encode a 

polypeptide that enhances an immune response to the antigen of interest.  In some aspects, 10 

the disclosure provides nanoparticles, e.g., lipid nanoparticles, which include an immune 

potentiator mRNA that enhances an immune response, alone or in combination with mRNAs 

that encode activating oncogene mutation peptide(s).  The disclosure also provides 

pharmaceutical compositions comprising any of the mRNAs as described herein or 

nanoparticles, e.g., lipid nanoparticles comprising any of the mRNAs as described herein.   15 

 In other aspects, the disclosure provides methods for enhancing an immune response 

to an activating oncogene mutation peptide(s) by administering to a subject one or more 

mRNAs encoding activating oncogene mutation peptide(s) and a mRNA encoding a 

polypeptide that enhances an immune response to the peptide(s) of interest, or lipid 

nanoparticle thereof, or pharmaceutical composition therof, such that an immune response to 20 

the activating oncogene mutation peptide(s) is enhanced in the subject.  The methods of 

enhancing an immune response can be used, for example, to stimulate an immunogenic 

response to a tumor in a subject. 
 

Cancer Antigens of Interest  25 

 The imune potentiators mRNAs of the disclosure are useful in combination with any 

type of antigen for which enhancement of an immune response is desired, including with 

mRNA sequences encoding at least one antigen of interest (on either the same or a separate 

mRNA construct) to enhance immune responses against the antigen of interest, such as a 

tumor antigen.  Thus, the immune potentiator mRNAs of the disclosure enhance, for 30 

example, mRNA vaccine responses, thereby acting as genetic adjuvants.   

 
Activating Oncogene Mutation Peptides 
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 In one embodiment, the antigen(s) of interest is a tumor antigen.  In one embodiment, 

the tumor antigen comprises a tumor neoepitope, e.g., mutant peptide from a tumor antigen.  

In one embodiment, the tumor antigen is a Ras antigen.  A comprehensive survery of Ras 

mutations in cancer has been described in the art (Prior, I.A. et al. (2012) Cancer Res. 

72:2457-2467).  Accordingly, a Ras amino acid sequence comprising at least one mutation 5 

associated with cancer can be used as an antigen of interest.  In one embodiment, the tumor 

antigen is a mutant KRAS antigen.  Mutant KRAS antigens have been implicated in acquired 

resistance to certain therapeutic agents (see e.g., Misale, S. et al. (2012) Nature 486:532-536; 

Diaz, L.A. et al. (2012) Nature 486:537-540).   

Although attempts have been made to produce functional immunomodulatory 10 

therapeutic compositions, including mRNA compositions, the therapeutic efficacy of these 

RNA compositions has not yet been fully established. Quite surprisingly, the inventors have 

discovered a class of formulations for delivering mRNA immunomodulatory therapeutic 

compositions that results in significantly enhanced, and in many respects synergistic, immune 

responses including enhanced T cell responses.  KRAS is the most frequently mutated 15 

oncogene in human cancer (~15%).  Such KRAS mutations are mostly conserved in a few 

“hotspots” and activate the oncogene.  

The immunomodulatory therapeutic compositions of the invention include activating 

oncogene mutation peptides, such as KRAS mutation peptides.  Prior research has shown 

limited ability to raise T cells specific to the oncogenic mutation. Much of this research was 20 

done in the context of the most common HLA allele (A2, which occurs in ~50% of 

Caucasians). More recent work has explored the generation of specific T cells against point 

mutations in the context of less common HLA alleles (A11, C8). These findings have 

significant implications for the treatment of cancer. Oncogenic mutations are common in 

many cancers. The ability to target these mutations and generate T cells that are sufficient to 25 

kill tumors has broad applicability to cancer therapy. It is quite surprising that delivery of 

antigens using mRNA would have such a significant advantage over the delivery of peptide 

vaccines. Thus the invention involves, in some aspects, the surprising finding that activating 

oncogenic mutation antigens delivered in vivo in the form of an mRNA significantly 

enhances the generation of T cell effector and memory responses.  30 

HLA class I molecules are highly polymorphic trans-membrane glycoproteins 

composed of two polypeptide chains (heavy chain and light chain). Human leucocyte antigen, 

the major histocompatibility complex in humans, is specific to each individual and has 

hereditary features. The class I heavy chains are encoded by three genes: HLA-A, HLA-B 
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and HLA-C. HLA class I molecules are important for establishing an immune response by 

presenting endogenous antigens to T lymphocytes, which initiates a chain of immune 

reactions that lead to tumor cell elimination by cytotoxic T cells. Altered levels of production 

of HLA class I antigens is a widespread phenomenon in malignancies and is accompanied by 

significant inhibition of anti-tumor T cell function. It represents one of the main mechanisms 5 

used by cancer cells to evade immuno-surveillance. Down regulated levels of HLA class I 

antigens were detected in 90% of NSCLC tumors (n=65). A reduction or loss of HLA was 

detected in 76% of pancreatic tumor samples (n=19). The expression of HLA class I antigens 

in colon cancer was dramatically reduced or undetectable in 96% of tumor samples (n=25). 

Mounting evidence suggests that two general strategies are utilized by tumor cells to 10 

escape immune surveillance: immunoselection (poorly immunogenic tumor cell variants) and 

immunosubversion (subversion of the immune system). A correlation between changes in 

HLA class I antigens and the presence of KRAS codon 12 mutations was demonstrated, 

which suggests a possible inductive effect of KRAS codon 12 mutations on HLA class I 

antigen regulation in cancer progression. Many frequent cancer mutations are predicted to 15 

bind HLA Class I alleles with high-affinity (IC50 <= 50 nM)7 and may be suitable for 

prophylactic cancer vaccination. 

The generation of cancer antigens that elicit a desired immune response (e.g. T-cell 

responses) against targeted polypeptide sequences in immunomodulatory therapeutic 

development remains a challenging task. The invention involves technology to overcome 20 

hurdles associated with such development. Through the use of the technology of the 

invention, it is possible to elicit a desired immune response by selecting appropriate 

activating oncogene mutation peptides and formulating the mRNA encoding peptides for 

effective delivery in vivo.  

The immunomodulatory therapeutic compositions provide unique therapeutic 25 

alternatives to peptide based or DNA vaccines. When the mRNA containing 

immunomodulatory therapeutic composition is delivered to a cell, the mRNA will be 

translated into a polypeptide by the intracellular machinery which can then process the 

polypeptide into sensitive fragments capable of being presented on MDC and stimulating an 

immune response against the tumor.  30 

The immunomodulatory therapeutic compositions described herein include at least 

one ribonucleic acid (RNA) polynucleotide having an open reading frame encoding at least 

one cancer antigenic polypeptide or an immunogenic fragment thereof (e.g., an immunogenic 

fragment capable of inducing an immune response to cancer). The antigenic peptide includes 
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an activating oncogenic mutation. In some preferred embodiments the composition is 

multiple epitopes of a mixture of activating oncogenic mutations. Many activating oncogenic 

mutations are known in the art. 

When oncogenes are activated they can inhibit programmed cell death and/or cause 

abnormal cellular proliferation.  Such oncogene activation can lead to cancer.  The KRAS 5 

gene (Ki-ras2 Kirsten rat sarcoma viral oncogene homolog) is an oncogene that encodes a 

small GTPase transductor protein. KRAS relays external signals to the cell nucleus and 

contributes to regulation of cell division. Activating mutations in the KRAS gene impair the 

ability of the KRAS protein to switch between active and inactive states.  KRAS activation 

leads to cell transformation and increased resistance to chemotherapy and biological therapies 10 

targeting epidermal growth factor receptors. (Jancik, Sylwia et al. Clinical Relevance of 

KRAS in Human Cancers, Journal of Biomedicine and Biotechnology,Volume 2010 Article 

ID 150960 (2010)).  Human KRAS amino acid sequence is provided below (UniProtKB 

P01116).  KRAS mutations are common in many cancers, and G12 is the site of most 

common KRAS mutations.   15 

>sp|P01116|1-186 

MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDI

LDTAGQEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVPM

VLVGNKCDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQRVEDAFYTLVREIRQYRL

KKISKEEKTPGCVKIKKC (SEQ ID NO: 166) 20 

Mutant N-RAS proteins are highly prevalent in certain types of cancers and are useful 

as cancer vaccines. For instance, 29% of Cutaneous Melanoma involves a RAS mutation, of 

which 94% are of N-RAS origin. This represents about 2,500 new US cases/year of the most 

aggressive form of melanoma accounting for the majority of melanoma deaths. (Channing 

Der, Are All RAS Proteins Created Equal in Cancer?, September 22, 2014, cancer.gov).  25 

There are 30,280 news cases of multiple myeloma annually, of which 26% are NRAS*. This 

represents ~6,100 new NRAS* cases per year. Thus, the N-Ras vaccines described herein are 

useful in some embodiments in the treatment of melanoma and multiple myeloma as well as 

other malignancies that harbor NRAS mutations. 

Accordingly, in some aspects, the present invention provides mRNA encoding peptide 30 

sequences resulting from certain activating mutations in one or more oncogenes, not limited 

to missense SNVs and often resulting in alternative splicing, for use as targets for therapeutic 

vaccination.  In some embodiments, the activating oncogene mutation is a KRAS mutation.  

In some embodiments, the KRAS mutation is a G12 mutation.  In some embodiments, the 
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G12 KRAS mutation is selected from a G12D, G12V, G12S, G12C, G12A, and a G12R 

KRAS mutation, e.g., the G12 KRAS mutation is selected from a G12D, G12V, and a G12S 

KRAS mutation.   In some embodiments, the G12 KRAS mutation is selected from a G12D, 

G12V, and a G12C KRAS mutation.  In other embodiments, the KRAS mutation is a G13 

mutation, e.g., the G13 KRAS mutation is a G13D KRAS mutation.  In some embodiments, 5 

the activating oncogene mutation is a H-RAS or N-RAS mutation.  

In one embodiment, one or more mRNAs encode a mutant KRAS peptide(s) 

comprising an amino acid sequence having one or more mutations selected from G12D, 

G12V, G13D and G12C, and combinations thereof.  Non-limiting examples of mutant KRAS 

antigens include those comprising one or more of the amino acid sequences shown in SEQ ID 10 

NOs: 36-41 and 72, 125.   

CD8+ T cells specific for the G12D or G12V mutations can be restricted by HLA-

A*02:01, A*03:01; -A*11:01, -B*35:01, -Cw*08:02, and potentially others.  Accordingly, in 

some embodiments, a KRAS mutation is selected for inclusion in an immunomodulatory 

therapeutic composition for a subject having T cells that are restricted by HLA-A*02:01, 15 

A*03:01; -A*11:01, -B*35:01, or -Cw*08:02.  In some embodiments, the subject has T cells 

that are HLA-A*02:01 restricted. 

In one embodiment, the mutant KRAS antigen is one or more mutant KRAS 15-mer 

peptides comprising a mutation selected from G12D, G12V, G13D and G12C, non-limiting 

examples of which are shown in SEQ ID NO: 36-38 and 125. 20 

In another embodiment, the mutant KRAS antigen is one or more mutant KRAS 25-

mer peptides comprising a mutation selected from G12D, G12V, G13D and G12C, non-

limiting examples of which are shown in SEQ ID NO: 39-41 and 72.   

In another embodiment, the mutant KRAS antigen is one or more mutant KRAS 

3x15mer peptides (3 copies of the 15-mer peptide) comprising a mutation selected from 25 

G12D, G12V, G13D and G12C, non-limiting examples of which are shown in SEQ ID NO: 

42-44 and 183.   

In another embodiment, the mutant KRAS antigen is one or more mutant KRAS 

3x25mer peptides (three copies of the 25-mer peptide) comprising a mutation selected from 

G12D, G12V, G13D and G12C, non-limiting examples of which are shown in SEQ ID NO: 30 

45-47 and 73.   

In another embodiment, the mutant KRAS antigen is a 100-mer concatemer peptide of 

the 25-mer peptides containing the G12D, G12V, G13D and G12C mutations (i.e., a 100-mer 

concatemer of SEQ ID NOs: 39, 40, 41 and 72).  Accordingly, in one embodiment, the 
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mutant KRAS antigen comprises an mRNA construct encoding SEQ ID NOs: 39, 40, 41 and 

72.  Non-limiting examples of nucleotide sequences encoding a concatemer of peptides 

containing G12D, G12V, G13D and G12C mutations include SEQ ID NO: 138, SEQ ID NO: 

167 and SEQ ID NO: 169.  Further description of mutant KRAS antigens, amino acid 

sequences thereof, and mRNA sequences encoding therefor, are disclosed in U.S. Application 5 

Serial Number 62/453,465, the entire contents of which is expressly incorporated herein by 

reference. 

Some embodiments of the present disclosure provide immunomodulatory therapeutic 

compositions that include an mRNA having an open reading frame encoding a concatemer of 

two or more activating oncogene mutation peptides.  In some embodiments, at least two of 10 

the peptide epitopes are separated from one another by a single Glycine.  In some 

embodiments, the concatemer comprises 3-10 activating oncogene mutation peptides. In 

some such embodiments, all of the peptide epitopes are separated from one another by a 

single Glycine.  In other embodiments, at least two of the peptide epitopes are linked directly 

to one another without a linker. 15 

In one embodiment, a tumor antigen is encoded by an mRNA construct that also 

comprises an immune potentiator (i.e., also encodes a polypeptide that enhances an immune 

response against the tumor antigen).  Non-limiting examples of such constructs include the 

KRAS-STING constructs encoding one of the amino acid sequences shown in SEQ ID NOs: 

48-71.  Non-limiting examples of nucleotide sequences encoding the KRAS-STING 20 

constructs are shown in SEQ ID NOs: 160-163 and 221-224. 

The disclosure provides an immunomodulatory therapeutic composition, comprising: 

an mRNA having an open reading frame encoding a concatemer of two or more activating 

oncogene mutation peptides, wherein the concatemer comprises KRAS activating oncogene 

mutation peptides G12D, G12V, G12C, and G13D; and one or more mRNA each having an 25 

open reading frame encoding a polypeptide that enhances an immune response to the KRAS 

activating oncogene mutation peptides in a subject, such as a STING immune potentiator 

mRNA.  Such an immunomodulatory composition targets somatic point mutations of KRAS, 

which constitute not only exquisitely specific tumor neoantigens but also significant 

oncogenic driver mutations in various malignancies.   Unlike many neoantigens, which are 30 

largely passenger mutations, maintenance of KRAS mutant expression is important to cancer 

cells’ survival as it helps drive aberrant cell proliferation and is likely to be a truncal event 

(an early event and therefore present in many tumor cells).   

In order to model KRAS mutant antigens in preclinical studies described herein 
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examining the immune potentiating capacity of STING, two model antigens were 

selected:  (1) HPV E6 and E7 and (2) the ADR concatemer of three point mutations from 

three genes found in the murine cell line MC38.  These antigens are appropriate models of 

the KRAS mutant antigens for a number of reasons.  For example, HPV E6 and E7 are viral 

oncogenic proteins whose expression is vital for the transformed phenotype, like mutant 5 

KRAS.  Accordingly, HPV E6 and E7 are suitable model antigens because, similar to mutant 

KRAS, they are oncogenic drivers.  The three ADR mutant epitopes, in contrast, are 

stereotypical neoantigens in that they are most likely passenger mutations.  However, ADR 

more effectively models other properties of KRAS antigens encoded by our vaccine in that: 

(1) each antigen contains a single missense mutation relative to its wild-type counterpart 10 

which is likely to be more challenging to recognize as “non-self” by the immune system than 

a viral antigen and (2) they are concatemerized.  

The immunomodulatory therapeutic compositions of the disclosure may include one 

or more cancer antigens.  In some embodiments the immunomodulatory therapeutic 

composition is composed of 2 or more, 3 or more, 4 or more, 5 or more 6 or more 7 or more, 15 

8 or more, 9 or more antigens, e.g., activating oncogene mutation peptides.  In other 

embodiments the immunomodulatory therapeutic composition is composed of 1000 or less, 

900 or less, 500 or less, 100 or less, 75 or less, 50 or less, 40 or less, 30 or less, 20 or less or 

100 or less cancer antigens, e.g., activating oncogene mutation peptides.  In yet other 

embodiments the immunomodulatory therapeutic composition has 3-10, 3-100, 5-100, 10-20 

100, 15-100, 20-100, 25-100, 30-100, 35-100, 40-100, 45-100, 50-100, 55-100, 60-100, 65-

100, 70-100, 75-100, 80-100, 90-100, 5-50, 10-50, 15-50, 20-50, 25-50, 30-50, 35-50, 40-50, 

45-50, 100-150, 100-200, 100-300, 100-400, 100-500, 50-500, 50-800, 50-1,000, or 100-

1,000 cancer antigens, e.g., activating oncogene mutation peptides. 

An epitope, also known as an antigenic determinant, as used herein is a portion of an 25 

antigen that is recognized by the immune system in the appropriate context, specifically by 

antibodies, B cells, or T cells. Epitopes include B cell epitopes and T cell epitopes. B-cell 

epitopes are peptide sequences which are required for recognition by specific antibody 

producing B-cells. B cell epitopes refer to a specific region of the antigen that is recognized 

by an antibody. The portion of an antibody that binds to the epitope is called a paratope. An 30 

epitope may be a conformational epitope or a linear epitope, based on the structure and 

interaction with the paratope.  A linear, or continuous, epitope is defined by the primary 

amino acid sequence of a particular region of a protein. The sequences that interact with the 

antibody are situated next to each other sequentially on the protein, and the epitope can 
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usually be mimicked by a single peptide. Conformational epitopes are epitopes that are 

defined by the conformational structure of the native protein. These epitopes may be 

continuous or discontinuous, i.e. components of the epitope can be situated on disparate parts 

of the protein, which are brought close to each other in the folded native protein structure. 

T-cell epitopes are peptide sequences which, in association with proteins on APC, are 5 

required for recognition by specific T-cells. T cell epitopes are processed intracellularly and 

presented on the surface of APCs, where they are bound to MHC molecules including MHC 

class II and MHC class I.  The peptide epitope may be any length that is reasonable for an 

epitope.  In some embodiments the peptide epitope is 9-30 amino acids.  In other 

embodiments the length is 9- 22, 9-29, 9-28, 9-27, 9-26, 9-25, 9-24, 9-23, 9-21, 9-20, 9-19, 9-10 

18, 10-22, 10-21, 10-20, 11-22, 22-21, 11-20, 12-22, 12-21, 12-20,13-22, 13-21, 13-20, 14–

19, 15-18, or 16-17 amino acids. 

In some embodiments the immunomodulatory therapeutic composition may include a 

recall antigen, also sometimes referred to as a memory antigen. A recall antigen is an antigen 

that has previously been encountered by an individual and for which there are pre-existent 15 

memory lymphocytes. In some embodiments the recall antigen may be an infectious disease 

antigen that the individual has likely encountered such as an influenza antigen. The recall 

antigen helps promote a more robust immune response.  

The therapeutic mRNA can be delivered alone or in combination with other cancer 

therapeutics such as checkpoint inhibitors to provide a significantly enhanced immune 20 

response against tumors. The checkpoint inhibitors can enhance the effects of the mRNA 

encoding activing oncogenic peptides by eliminating some of the obstacles to promoting an 

immune response, thus allowing the activated T cells to efficiently promote an immune 

response against the tumor.   

 The mRNA may be delivered to the subject in the form of carrier such as a lipid 25 

nanoparticle (LNP). A number of LNPs are known in the art. For instance some LNPs such as 

those which have been used previously to deliver siRNA various in animal models as well as 

in humans have been observed to cause an undesirable inflammatory response associated 

with a transient IgM response, typically leading to a reduction in antigen production and a 

compromised immune response. In contrast to the findings observed with siRNA, lipid 30 

nanoparticle-mRNA immunomodulatory therapeutic compositions are provided herein that 

generate T cell responses sufficient for therapeutic methods rather than promoting transient 

IgM responses. The LNPs described herein are not liposomes. A liposome as used herein is a 
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lipid based structure having a simple lipid bilayer shell with a nucleic acid payload in the 

core.  

An mRNA construct encoding an antigen(s) of interest typically comprises, in 

addition to the antigen-encoding sequences, other structural properties as described herein for 

mRNA constructs (e.g., modified nucleobases, 5’ cap, 5’ UTR, 3’ UTR, miR binding site(s), 5 

polyA tail, as described herein).  Suitable mRNA construct components are as described 

herein.  

 

Personalized Cancer Antigens- Neoepitopes 

The cancer antigens can be personalized cancer antigens. Personalized 10 

immunomodulatory therapeutic compositions, for instance, may include RNA encoding for 

one or more known cancer antigens specific for the tumor or cancer antigens specific for each 

subject, referred to as neoepitopes or subject specific epitopes or antigens. A “subject specific 

cancer antigen” is an antigen that has been identified as being expressed in a tumor of a 

particular patient. The subject specific cancer antigen may or may not be typically present in 15 

tumor samples generally. Tumor associated antigens that are not expressed or rarely 

expressed in non-cancerous cells, or whose expression in non-cancerous cells is sufficiently 

reduced in comparison to that in cancerous cells and that induce an immune response induced 

upon vaccination, are referred to as neoepitopes. Neoepitopes, like tumor associated antigens, 

are completely foreign to the body and thus would not produce an immune response against 20 

healthy tissue or be masked by the protective components of the immune system.  In some 

embodiments personalized immunomodulatory therapeutic compositions based on 

neoepitopes are desirable because such vaccine formulations will maximize specificity 

against a patient’s specific tumor. Mutation-derived neoepitopes can arise from point 

mutations, non-synonymous mutations leading to different amino acids in the protein; read-25 

through mutations in which a stop codon is modified or deleted, leading to translation of a 

longer protein with a novel tumor-specific sequence at the C-terminus; splice site mutations 

that lead to the inclusion of an intron in the mature mRNA and thus a unique tumor-specific 

protein sequence; chromosomal rearrangements that give rise to a chimeric protein with 

tumor-specific sequences at the junction of 2 proteins (i.e., gene fusion); frameshift mutations 30 

or deletions that lead to a new open reading frame with a novel tumor-specific protein 

sequence; and translocations. Thus, in some embodiments the immunomodulatory therapeutic 

compositions include at least 1 cancer antigens including mutations selected from the group 
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consisting of frame-shift mutations and recombinations or any of the other mutations 

described herein.    

Methods for generating personalized immunomodulatory therapeutic compositions 

generally involve identification of mutations, e.g., using deep nucleic acid or protein 

sequencing techniques, identification of neoepitopes, e.g., using application of validated 5 

peptide-MHC binding prediction algorithms  or other analytical techniques to generate a set 

of candidate T cell epitopes that may bind to patient HLA alleles and are based on mutations 

present in tumors, optional demonstration of antigen-specific T cells against selected 

neoepitopes or demonstration that a candidate neoepitope is bound to HLA proteins on the 

tumor surface and development of the vaccine. The immunomodulatory therapeutic 10 

compositions of the invention may include multiple copies of a single neoepitope, multiple 

different neoepitopes based on a single type of mutation, i.e. point mutation, multiple 

different neoepitopes based on a variety of mutation types, neoepitopes and other antigens, 

such as tumor associated antigens or recall antigens.   

Examples of techniques for identifying mutations include but are not limited to 15 

dynamic allele-specific hybridization (DASH), microplate array diagonal gel electrophoresis 

(MADGE), pyrosequencing, oligonucleotide-specific ligation, the TaqMan system as well as 

various DNA "chip" technologies i.e. Affymetrix SNP chips, and methods based on the 

generation of small signal molecules by invasive cleavage followed by mass spectrometry or 

immobilized padlock probes and rolling-circle amplification. 20 

The deep nucleic acid or protein sequencing techniques are known in the art. Any 

type of sequence analysis method can be used.  Nucleic acid sequencing may be performed 

on whole tumor genomes, tumor exomes (protein-encoding DNA), tumor transcriptomes, or 

exosomes. Real-time single molecule sequencing-by-synthesis technologies rely on the 

detection of fluorescent nucleotides as they are incorporated into a nascent strand of DNA 25 

that is complementary to the template being sequenced. Other rapid high throughput 

sequencing methods also exist. Protein sequencing may be performed on tumor proteomes. 

Additionally, protein mass spectrometry may be used to identify or validate the presence of 

mutated peptides bound to MHC proteins on tumor cells. Peptides can be acid-eluted from 

tumor cells or from HLA molecules that are immunoprecipitated from tumor cells, and then 30 

identified using mass spectrometry. The results of the sequencing may be compared with 

known control sets or with sequencing analysis performed on normal tissue of the patient. 

Accordingly, the present invention relates to methods for identifying and/or detecting 

neoepitopes of an antigen, such as T-cell epitopes. Specifically, the invention provides 
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methods of identifying and/or detecting tumor specific neoepitopes that are useful in inducing 

a tumor specific immune response in a subject. Optionally, these neoepitopes bind to class I 

HLA proteins with a greater affinity than the wild-type peptide and/or are capable of 

activating anti-tumor CD8 T-cells. Identical mutations in any particular gene are rarely found 

across tumors.  5 

Proteins of MHC class I are present on the surface of almost all cells of the body, 

including most tumor cells. The proteins of MHC class I are loaded with antigens that usually 

originate from endogenous proteins or from pathogens present inside cells, and are then 

presented to cytotoxic T-lymphocytes (CTLs). T-Cell receptors are capable of recognizing 

and binding peptides complexed with the molecules of MHC class I. Each cytotoxic T-10 

lymphocyte expresses a unique T-cell receptor which is capable of binding specific 

MHC/peptide complexes.  

Using computer algorithms, it is possible to predict potential neoepitopes such as T-

cell epitopes, i.e. peptide sequences, which are bound by the MHC molecules of class I or 

class II in the form of a peptide-presenting complex and then, in this form, recognized by the 15 

T-cell receptors of T-lymphocytes. Examples of programs useful for identifying peptides 

which will bind to MHC include for instance: Lonza Epibase, SYFPEITHI (Rammensee et 

al., Immunogenetics, 50 (1999), 213-219) and HLA_BIND (Parker et al., J. Immunol., 152 

(1994), 163-175).   

Once putative neoepitopes are selected, they can be further tested using in vitro and/or 20 

in vivo assays. Conventional in vitro lab assays, such as Elispot assays may be used with an 

isolate from each patient, to refine the list of neoepitopes selected based on the algorithm's 

predictions. Neoepitope vaccines, methods of use thereof and methods of preparing are all 

described in PCT/US2016/044918 which is incorporated herein by reference in its entirety. 

 25 

Endogeous Tumor Antigens 

In another embodiment, the tumor antigen is an endogenous tumor antigen, such as a 

tumor antigen that is released upon destruction of tumor cells in situ.  It has been established 

in the art that natural mechanisms exist that results in cell death in vivo leading to release of 

intracellular components such that an immune response may be stimulated against the 30 

intracellular components.  Such mechanisms are referred to herein as immunogenic cell death 

and include necroptosis and pyroptosis.  Accordingly, in one embodiment, an immune 

potentiator mRNA construct of the disclosure is administered to a tumor-bearing subject 

under conditions in which endogenous immunogenic cell death is occurring such that one or 
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more endogenous tumor antigens are released, to thereby enhance an immune response 

against the tumor antigens.  In one embodiment, the immune potentiator mRNA construct is 

administered to a tumor-bearing subject together with a second mRNA construct encoding an 

“executioner mRNA construct”, which stimulates immunogenic cell death of tumor cells in 

the subject.  Examples of executioner mRNA constructs include those encoding MLKL, 5 

RIPK3, RIPK1, DIABLO, FADD, GSDMD, caspase-4, caspase-5, caspase-11, Pyrin, NLRP3 

and ASC/PYCARD.  Executioner mRNA constructs, and their use in combination with an 

immune potentiator mRNA construct, are described in further detail in U.S. Application 

Serial No. 62/412,933, the entire contents of which is expressly incorporated herein by 

reference. 10 

 

Characteristics of Cancer Antigens 

The activating oncogene mutation peptides selected for inclusion in the 

immunomodulatory therapeutic composition typically will be high affinity binding peptides. 

In some aspect the activating oncogene mutation peptide binds an HLA protein with greater 15 

affinity than a wild-type peptide. The activating oncogene mutation peptides has an IC50 of 

at least less than 5000 nM, at least less than 500 nM, at least less than 250 nM, at least less 

than 200 nM, at least less than 150 nM, at least less than 100 nM, at least less than 50 nM or 

less in some embodiments. Typically, peptides with predicted IC50<50 nM, are generally 

considered medium to high affinity binding peptides and will be selected for testing their 20 

affinity empirically using biochemical assays of HLA-binding.  

In some embodiments, subject specific activating oncogene mutation peptides may be 

identified in a sample of a patient.  For instance, the sample may be a tissue sample or a 

tumor sample. For instance, a sample of one or more tumor cells may be examined for the 

presence of subject specific activating oncogene mutations. The tumor sample may be 25 

examined using whole genome, exome or transcriptome analysis in order to identify the 

subject specific activating oncogene mutations.  

Alternatively the subject specific activating oncogene mutation peptides may be 

identified in an exosome of the subject.  When the activating oncogene mutation peptides are 

identified in an exosome of the subject, such peptides are said to be representative of 30 

exosome peptides of the subject. 

Exosomes are small microvesicles shed by cells, typically having a diameter of 

approximately 30-100 nm. Exosomes are classically formed from the inward invagination 

and pinching off of the late endosomal membrane, resulting in the formation of a 
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multivesicular body (MVB) laden with small lipid bilayer vesicles, each of which contains a 

sample of the parent cell's cytoplasm. Fusion of the MVB with the cell membrane results in 

the release of these exosomes from the cell, and their delivery into the blood, urine, 

cerebrospinal fluid, or other bodily fluids. Exosomes can be recovered from any of these 

biological fluids for further analysis.  5 

Nucleic acids within exosomes have a role as biomarkers for tumor antigens. An 

advantage of analyzing exosomes in order to identify subject specific cancer antigens, is that 

the method circumvents the need for biopsies.  This can be particularly advantageous when 

the patient needs to have several rounds of therapy including identification of cancer 

antigens, and vaccination. 10 

A number of methods of isolating exosomes from a biological sample have been 

described in the art. For example, the following methods can be used: differential 

centrifugation, low speed centrifugation, anion exchange and/or gel permeation 

chromatography, sucrose density gradients or organelle electrophoresis, magnetic activated 

cell sorting (MACS), nanomembrane ultrafiltration concentration, Percoll gradient isolation 15 

and using microfluidic devices. Exemplary methods are described in US Patent Publication 

No. 2014/0212871 for instance. 

Immune Potentiator mRNAs  

 One aspect of the disclosure pertains to mRNAs that encode a polypeptide that 

stimulates or enhances an immune response against one or more antigens of interest 20 

(activating oncogene mutation peptide(s)).  Such mRNAs that enhance immune responses to 

an antigen(s) of interest are referred to herein as immune potentiator mRNA constructs or 

immune potentiator mRNAs, including chemically modified mRNAs (mmRNAs).  In some 

aspects, the disclosure provides an mRNA encoding a polypeptide that stimulates or enhances 

an immune response in a subject in need thereof (e.g., potentiates an immune response in the 25 

subject) by, for example, inducing adaptive immunity (e.g., by stimulating Type I interferon 

production), stimulating an inflammatory response, stimulating NFkB signaling and/or 

stimulating dendritic cell (DC) development, activity or mobilization in the subject.  In some 

aspects, administration of an immune potentiator mRNA to a subject in need thereof 

enhances cellular immunity (e.g., T cell-mediated immunity), humoral immunity (e.g., B cell-30 

mediated immunity) or both cellular and humoral immunity in the subject.  In some aspects, 

administration of an immune potentiator mRNA stimulates cytokine production (e.g., 

inflammatory cytokine production), stimulates antigen-specific CD8+ effector cell responses, 
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stimulates antigen-specific CD4+ helper cell responses, increases the effector memory 

CD62Llo T cell population, stimulates B cell activity or stimulates antigen-specific antibody 

production, including combinations of the foregoing responses.   

 In some aspects, administration of an immune potentiator mRNA stimulates cytokine 

production (e.g., inflammatory cytokine production) and stimulates antigen-specific CD8+ 5 

effector cell responses.  In some aspects, administration of an immune potentiator mRNA 

stimulates cytokine production (e.g., inflammatory cytokine production), and stimulates 

antigen-specific CD4+ helper cell responses.  In some aspects, administration of an immune 

potentiator mRNA stimulates cytokine production (e.g., inflammatory cytokine production), 

and increases the effector memory CD62Llo T cell population.  In some aspects, 10 

administration of an immune potentiator mRNA stimulates cytokine production (e.g., 

inflammatory cytokine production), and stimulates B cell activity or stimulates antigen-

specific antibody production. 

 

Immune Potentiators mRNAs that Stimulate Type I Interferon  15 

 In some aspects, the disclosure provides an immune potentiator mRNA encoding a 

polypeptide that stimulates or enhances an immune response against an antigen of interest by 

simulating or enhacing Type I interferon pathway signaling, thereby stimulating or enhancing 

Type I interferon (IFN) production.  It has been established that successful induction of anti-

tumor or anti-microbial adaptive immunity requires Type I IFN signaling (see e.g., Fuertes, 20 

M.B. et al. (2013) Trends Immunol. 34:67-73).  The production of Type I IFNs (including 

IFN-α, IFN-β, IFN-ε, IFN-κ and IFN-ω) plays a role in clearance of microbial infections, 

such as viral infections.  It has also been appreciated that host cell DNA (for example derived 

from damaged or dying cells) is capable of inducing Type I interferon production and that the 

Type I IFN signaling pathway plays a role in the development of adaptive anti-tumor 25 

immunity.  However, many pathogens and cancer cells have evolved mechanisms to reduce 

or inhibit Type I interferon responses.  Thus, activation (including stimulation and/or 

enhancement) of the Type I IFN signaling pathway in a subject in need thereof, by providing 

an immune potentiator mRNA of the disclosure to the subject, stimulates or enhances an 

immune response in the subject in a wide variety of clinical situations, including treatment of 30 

cancer and pathogenic infections, as well as in potentiating vaccine responses to provide 

protective immunity. 
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Type I interferons (IFNs) are pro-inflammatory cytokines that are rapidly produced in 

multiple different cell types, typically upon viral infection, and known to have a wide variety 

of effects. The canonical consequences of type I IFN production in vivo is the activation of 

antimicrobial cellular programs and the development of innate and adaptive immune 

responses. Type I IFN induces a cell-intrinsic antimicrobial state in infected and neighboring 5 

cells that limits the spread of infectious agents, particularly viral pathogens. Type I IFN also 

modulates innate immune cell activation (e.g., maturation of dendritic cells) to promote 

antigen presentation and nature killer cell functions. Type I IFN also promotes the 

development of high-affinity antigen-specific T and B cell responses and immunological 

memory (Ivashkiv and Donlin (2014) Nat Rev Immunol 14(1):36-49). 10 

Type I IFN activates dendritic cells (DCs) and promotes their T cell stimulatory 

capacity through autocrine signaling (Montoya et al., (2002) Blood 99:3263-3271). Type I 

IFN exposure facilitates maturation of DCs via increasing the expression of chemokine 

receptors and adhesion molecules (e.g., to promote DC migration into draining lymph nodes), 

co-stimulatory molecules, and MHC class I and class II antigen presentation. DCs that mature 15 

following type I IFN exposure can effectively prime protective T cell responses (Wijesundara 

et al., (2014) Front Immunol 29(412) and references therein).  

Type I IFN can either promote or inhibit T cell activation, proliferation, 

differentiation and survival depending largely on the timing of type I IFN signaling relative to 

T cell receptor signaling (Crouse et al., (2015) Nat Rev Immunol 15:231-242).  Early studies 20 

revealed that MHC-I expression is upregulated in response to type I IFN in multiple cell 

types (Lindahl et al., (1976), J Infect Dis 133(Suppl):A66-A68; Lindahl et al., (1976) Proc 

Natl Acad Sci USA 17:1284-1287) which is a requirement for optimal T cell stimulation, 

differentiation, expansion and cytolytic activity. Type I IFN can exert potent co-stimulatory 

effects on CD8 T cells, enhancing CD8 T cell proliferation and differentiation (Curtsinger et 25 

al., (2005) J Immunol 174:4465-4469; Kolumam et al., (2005) J Exp Med 202:637-650).  

Similar to effects on T cells, type I IFN signaling has both positive and negative 

effects on B cell responses depending on the timing and context of exposure (Braun et al., 

(2002) Int Immunol 14(4):411-419; Lin et al, (1998) 187(1):79-87).  The survival and 

maturation of immature B cells can be inhibited by type I IFN signaling. In contrast to 30 

immature B cells, type I IFN exposure has been shown to promote B cell activation, antibody 

production and isotype switch following viral infection or following experimental 



  MDN-015PC 

53 

immunization (Le Bon et al., (2006) J Immunol 176:4:2074-2078; Swanson et al., (2010) J 

Exp Med 207:1485-1500). 

 A number of components involved in Type I IFN pathway signaling have been 

established, including STING, Interferon Regulatory Factors, such as IRF1, IRF3, IRF5, 

IRF7, IRF8, and IRF9, TBK1, IKKi, MyD88 and TRAM.  Additional components involved 5 

in Type I IFN pathway signaling include TRAF3, TRAF6, IRAK-1, IRAK-4, TRIF, IPS-1, 

TLR-3, TLR-4, TLR-7, TLR-8, TLR-9, RIG-1, DAI and IFI16. 

 Accordingly, in one embodiment, an immune potentiator mRNA encodes any of the 

foregoing components involved in Type I IFN pathway signaling.  

 10 

Immune Potentiator mRNA Encoding STING  

The present disclosure encompasses mRNA (including mmRNA) encoding STING, 

including constitutively active forms of STING, as immune potentiators.  STING 

(STimulator of INterferon Genes; also known as transmembrane protein 173 (TMEM173), 

mediator of IRF3 activation (MITA), methionine-proline-tyrosine-serine (MPYS), and ER 15 

IFN stimulator (ERIS)) is a 379 amino acid, endoplasmic reticulum (ER) resident 

transmembrane protein that functions as a signaling molecule controlling the transcription of 

immune response genes, including type I IFNs and pro-inflammatory cytokines (Ishikawa & 

Barber, (2008) Nature 455:647-678; Ishikawa et al., (2009) Nature 461:788-792; Barber 

(2010) Nat Rev Immunol 15(12):760-770).  20 

STING functions as a signaling adaptor linking the cytosolic detection of DNA to the 

TBK1/IRF3/Type I IFN signaling axis. The signaling adaptor functions of STING are 

activated through the direct sensing of cyclic dinucleotides (CDNs). Examples of CDNs 

include cyclic di-GMP (guanosine 5'-monophosphate), cyclic di-AMP (adenosine 5'-

monophosphate) and cyclic GMP-AMP (cGAMP). Initially characterized as ubiquitous 25 

bacterial secondary messengers, CDNs are now known to constitute a class of pathogen-

associated molecular pattern molecules (PAMPs) that activate the TBK1/IRF3/type I IFN 

signaling axis via direct interaction with STING. STING is capable of sensing aberrant DNA 

species and/or CDNs in the cytosol of the cell, including CDNs derived from bacteria, and/or 

from the host protein cyclic GMP-AMP synthase (cGAS). The cGAS protein is a DNA 30 

sensor that produces cGAMP in response to detection of DNA in the cytosol (Burdette et al., 
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(2011) Nature 478:515-518; Sun et al., (2013) Science 339:786-791; Diner et al., (2013) Cell 

Rep 3:1355-1361; Ablasser et al., (2013) Nature 498:380-384). 

Upon binding to a CDN, STING dimerizes and undergoes a conformational change 

that promotes formation of a complex with TANK-binding kinase 1 (TBK1) (Ouyang et al., 

(2012) Immunity 36(6):1073-1086). This complex translocates to the perinuclear Golgi, 5 

resulting in delivery of TBK1 to endolysosomal compartments where it phosphorylates IRF3 

and NF-κB transcription factors (Zhong et al., (2008) Immunity 29:538-550). A recent study 

has shown that STING functions as a scaffold by binding to both TBK1 and IRF3 to 

specifically promote the phosphorylation of IRF3 by TBK1 (Tanaka & Chen, (2012) Sci 

Signal 5(214):ra20). Activation of the IRF3-, IRF7- and NF-κB-dependent signaling 10 

pathways induces the production of cytokines and other immune response-related proteins, 

such as type I IFNs, which promote anti-pathogen and/or anti-tumor activity. 

A number of studies have investigated the use of CDN agonists of STING as potential 

vaccine adjuvants or immunomodulatory agents to elicit humoral and cellular immune 

responses (Dubensky et al., (2013) Ther Adv Vaccines 1(4):131-143 and references therein). 15 

Initial studies demonstrated that administration of the CDN c-di-GMP attenuated 

Staphylococcus aureus infection in vivo, reducing the number of recovered bacterial cells in a 

mouse infection model yet c-di-GMP had no observable inhibitory or bactericidal effect on 

bacterial cells in vitro suggesting the reduction in bacterial cells was due to an effect on the 

host immune system (Karaolis et al., (2005) Antimicrob Agents Chemother 49:1029-1038; 20 

Karaolis et al., (2007) Infect Immun 75:4942-4950). Recent studies have shown that synthetic 

CDN derivative molecules formulated with granulocyte-macrophage colony-stimulating 

factor (GM-CSF)-producing cancer vaccines (termed STINGVAX) elicit enhanced in vivo 

antitumor effects in therapeutic animal models of cancer as compared to immunization with 

GM-CSF vaccine alone (Fu et al., (2015) Sci Transl Med 7(283):283ra52), suggesting that 25 

CDN are potent vaccine adjuvants. 

Mutant STING proteins resulting from polymorphisms mapped to the human 

TMEM173 gene have been described exhibiting a gain-of function or constitutively active 

phenotype.  When expressed in vitro, mutant STING alleles were shown to potently stimulate 

induction of type I IFN (Liu et al., (2014) N Engl J Med 371:507-518; Jeremiah et al., (2014) 30 

J Clin Invest 124:5516-5520; Dobbs et al., (2015) Cell Host Microbe 18(2):157-168; Tang & 

Wang, (2015) PLoS ONE 10(3):e0120090; Melki et al., (2017) J Allergy Clin Immunol In 
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Press; Konig et al., (2017) Ann Rheum Dis 76(2):468-472; Burdette et al. (2011) Nature 

478:515-518).  

Provided herein are mRNAs (e.g., mmRNAs) encoding constitutively active forms of 

STING, including mutant human STING isoforms for use as immune potentiators as 

described herein.  mmRNAs encoding constitutively active forms of STING, including 5 

mutant human STING isoforms are set forth in the Sequence Listing herein.  The amino acid 

residue numbering for mutant human STING polypeptides used herein corresponds to that 

used for the 379 amino acid residue wild type human STING (isoform 1) available in the art 

as Genbank Accession Number NP_938023. 

Accordingly, in one aspect, the disclosure provides a mRNA (e.g., mmRNA) 10 

encoding a mutant human STING protein having a mutation at amino acid residue 155, in 

particular an amino acid substitution, such as a V155M mutation.  In one embodiment, the 

mRNA (e.g., mmRNAs) encodes an amino acid sequence as set forth in SEQ ID NO:1.  In 

one embodiment, the STING V155M mutant is encoded by a nucleotide sequence shown in 

SEQ ID NO: 139, SEQ ID NO: 168 or SEQ ID NO: 170.  In one embodiment, the mRNA 15 

(e.g., mmRNAs) comprises a 3’ UTR sequence as shown in SEQ ID NO: 149, which includes 

an miR122 binding site.  

In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a mutant 

human STING protein having a mutation at amino acid residue 284, such as an amino acid 

substitution.  Non-limiting examples of residue 284 substitutions include R284T, R284M and 20 

R284K.  In certain embodiments, the mutant human STING protein has as a R284T mutation, 

for example has the amino acid sequence set forth in SEQ ID NO: 2 or is encoded by an the 

nucleotide sequence shown in SEQ ID NO: 140 or 201.  In certain embodiments, the mutant 

human STING protein has a R284M mutation, for example has the amino acid sequence as 

set forth in SEQ ID NO: 3 or is encoded by the nucleotide sequence shown in SEQ ID NO: 25 

141 or 202.  In certain embodiments, the mutant human STING protein has a R284K 

mutation, for example has the amino acid sequence as set forth in SEQ ID NO: 4 or 164, or is 

encoded by the nucleotide sequence shown in SEQ ID NO: 142, 165, 203 or 225.  

In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a mutant 

human STING protein having a mutation at amino acid residue 154, such as an amino acid 30 

substitution, such as a N154S mutation.  In certain embodiments, the mutant human STING 
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protein has a N154S mutation, for example has the amino acid sequence as set forth in SEQ 

ID NO: 5 or is encoded by the nucleotide sequence shown in SEQ ID NO: 143 or 204.   

In yet other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a 

mutant human STING protein having a mutation at amino acid residue 147, such as an amino 

acid substitution, such as a V147L mutation.  In certain embodiments, the mutant human 5 

STING protein having a V147L mutation has the amino acid sequence as set forth in SEQ ID 

NO: 6 or is encoded by the nucleotide sequence shown in SEQ ID NO: 144 or 205.   

In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a mutant 

human STING protein having a mutation at amino acid residue 315, such as an amino acid 

substitution, such as a E315Q mutation.  In certain embodiments, the mutant human STING 10 

protein having a E315Q mutation has the amino acid sequence as set forth in SEQ ID NO: 7 

or is encoded by the nucleotide sequence shown in SEQ ID NO: 145 or 206.   

In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a mutant 

human STING protein having a mutation at amino acid residue 375, such as an amino acid 

substitution, such as a R375A mutation.  In certain embodiments, the mutant human STING 15 

protein having a R375A mutation has the amino acid sequence as set forth in SEQ ID NO: 8 

or is encoded by the nucleotide sequence shown in SEQ ID NO: 146 or 207.   

In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a mutant 

human STING protein having a one or more or a combination of two, three, four or more of 

the foregoing mutations.  Accordingly, in one aspect the disclosure provides a mRNA (e.g., 20 

mmRNA) encoding a mutant human STING protein having one or more mutations selected 

from the group consisting of: V147L, N154S, V155M, R284T, R284M, R284K, E315Q and 

R375A, and combinations thereof.  In other aspects, the disclosure provides a mRNA (e.g., 

mmRNA) encoding a mutant human STING protein having a combination of mutations 

selected from the group consisting of: V155M and R284T; V155M and R284M; V155M and 25 

R284K; V155M and V147L; V155M and N154S; V155M and E315Q; and V155M and 

R375A.   

In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a mutant 

human STING protein having a V155M and one, two, three or more of the following 

mutations:  R284T; R284M; R284K; V147L; N154S; E315Q; and R375A.  In other aspects, 30 

the disclosure provides a mRNA (e.g., mmRNA) encoding a mutant human STING protein 

having V155M, V147L and N154S mutations.  In other aspects, the disclosure provides a 
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mRNA (e.g., mmRNA) encoding a mutant human STING protein having V155M, V147L, 

N154S mutations, and, optionally, a mutation at amino acid 284.  In yet other aspects, the 

disclosure provides a mRNA (e.g., mmRNA) encoding a mutant human STING protein 

having V155M, V147L, N154S mutations, and a mutation at amino acid 284 selected from 

R284T, R284M and R284K.  In other aspects, the disclosure provides a mRNA (e.g., 5 

mmRNA) encoding a mutant human STING protein having V155M, V147L, N154S, and 

R284T mutations.  In other aspects, the disclosure provides a mRNA (e.g., mmRNA) 

encoding a mutant human STING protein having V155M, V147L, N154S, and R284M 

mutations.  In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a 

mutant human STING protein having V155M, V147L, N154S, and R284K mutations.   10 

In other embodiments, the disclosure provides a mRNA (e.g., mmRNA) encoding a 

mutant human STING protein having a combination of mutations at amino acid residue 147, 

154, 155 and, optionally, 284, in particular amino acid substitutions, such as a V147L, 

N154S, V155M and, optionally, R284M.  In certain embodiments, the mutant human STING 

protein has V147N, N154S and V155M mutations, such as the amino acid sequence as set 15 

forth in SEQ ID NO: 9 or encoded by the nucleotide sequence shown in SEQ ID NO: 147.  In 

certain embodiments, the mutant human STING protein has R284M, V147N, N154S and 

V155M mutations, such as the amino acid sequence as set forth in SEQ ID NO: 10 or 

encoded by the nucleotide sequence shown in SEQ ID NO: 148 or 209. 

In another embodiment, the disclosure provides a mRNA (e.g., mmRNA) encoding a 20 

mutant human STING protein that is a constitutively active truncated form of the full-length 

379 amino acid wild type protein, such as a constitutively active human STING polypeptide 

consisting of amino acids 137-379.   

 

Immune Potentiator mRNA Encoding Immune Regulatory Factor (IRF)  25 

The present disclosure provides mRNA (including mmRNA) encoding Interferon 

Regulatory Factors, such as IRF1, IRF3, IRF5, IRF7, IRF8, and IRF9 as immune 

potentiators.  The IRF transcription factor family is involved in the regulation of gene 

expression leading to the production of type I interferons (IFNs) during innate immune 

responses. Nine human IRFs have been identified to date (IRF-1–IRF-9), with each family 30 

member sharing extensive sequence homology within their N-terminal binding domains 

(DBDs) (Mamane et al., (1999) Gene 237:1-14; Taniguchi et al., (2001) Annu Rev Immunol 
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19:623-655). Within the IRF family, IRF1, IRF3, IRF5, and IRF7 have been specifically 

implicated as positive regulators of type I IFN gene transcription (Honda et al., (2006) 

Immunity 25(3):349-360). IRF1 was the first family member discovered to activate type I IFN 

gene promoters (Miyamoto et al., (1988) Cell 54:903-913). Although studies show that IRF1 

participates in type I IFN gene expression, normal induction of type I IFN was observed in 5 

virus-infected IRF1-/- murine fibroblasts, suggesting dispensability (Matsuyama et al., (1993) 

Cell 75:83-97). IRF5 was also shown to be dispensable for type I IFN induction by viruses or 

TLR agonists (Takaoka et al., (2005) Nature 434:243-249). 

Accordingly, in some aspects, the disclosure provides mRNA encoding constitutively 

active forms of human IRF1, IRF3, IRF5, IRF7, IRF8, and IRF9 as immune potentiators.  In 10 

some aspects, the disclosure provides mRNA encoding constitutively active forms of human 

IRF3 and/or IRF7.   

During innate immune responses, IRF-3 plays a critical role in the early induction of 

type I IFNs. The IRF3 transcription factor is constitutively expressed and shuttles between 

the nucleus and cytoplasm of cells in latent form, with a predominantly cytosolic localization 15 

prior to phosphorylation (Hiscott (2007) J Biol Chem 282(21):15325-15329; Kumar et al., 

(2000) Mol Cell Biol 20(11):4159-4168). Upon phosphorylation of serine residues at the C-

terminus by TBK-1 (TANK binding kinase 1; also known as T2K and NAK) and/or IKKε 

(inducible IκB kinase; also known as IKKi), IRF3 translocates from the cytoplasm into the 

nucleus (Fitzgerald et al., (2003) Nat Immuno 4(5):491-496; Sharma et al., (2003) Science 20 

300:1148-1151; Hemmi et al., (2004) J Exp Med 199:1641-1650). The transcriptional activity 

of IRF3 is mediated by these phosphorylation and translocation events. A model for IRF3 

activation proposes that C-terminal phosphorylation induces a conformational change in IRF3 

that promotes homo- and/or heterodimerization (e.g. with IRF7; see Honda et al., (2006) 

Immunity 25(3):346-360), nuclear localization, and association with the transcriptional co-25 

activators CBP and/or p300 (Lin et al., (1999) Mol Cell Biol 19(4):2465-2474). While 

inactive IRF3 constitutively shuttles into and out of the nucleus, phosphorylated IRF3 

proteins remain associated with CBP and/or p300, are retained in the nucleus, and induce 

transcription of IFN and other genes (Kumar et al., (2000) Mol Cell Biol 20(11):4159-4168). 

In contrast to IRF3, IRF7 exhibits a low expression level in most cells, but is strongly 30 

induced by type I IFN-mediated signaling, supporting the notion that IRF3 is primarily 

responsible for the early induction of IFN genes and that IRF7 is involved in the late 
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induction phase (Sato et al., (2000) Immunity 13(4):539-548). Ligand-binding to the type I 

IFN receptor results in the activation of a heterotrimeric transcriptional activator, termed 

IFN-stimulated gene factor 3 (ISGF3), which consists of IRF9, STAT1, and STAT2, and is 

responsible for the induction of the IRF7 gene (Marie et al., (1998) EMBO J 17(22):6660-

6669). Like IRF3, IRF7 can partition between cytoplasm and nucleus after serine 5 

phosphorylation of its C-terminal region, allowing its dimerization and nuclear translocation. 

IRF7 forms a homodimer or a heterodimer with IRF3, and each of these different dimers 

differentially acts on the type I IFN gene family members. IRF3 is more potent in activating 

the IFN-β gene than the IFN-α genes, whereas IRF7 efficiently activates both IFN-α and IFN-

β genes (Marie et al., (1998) EMBO J 17(22):6660-6669). 10 

Provided herein are mRNAs (e.g., mmRNAs) encoding constitutively active forms of 

IRF3 and IRF7 including mutant human IRF3 and mutant human IRF7 isoforms for use as 

immune potentiators as described herein.  mRNAs (e.g., mmRNAs) encoding constitutively 

active forms of IRF3 and IRF7, including mutant human IRF3 and IRF7 isoforms are set 

forth in the Sequence Listing herein.  The amino acid residue numbering for mutant human 15 

IRF3 polypeptides used herein corresponds to that used for the 427 amino acid residue wild 

type human IRF3 (isoform 1) available in the art as Genbank Accession Number NP_001562.  

The amino acid residue numbering for mutant human IRF7 polypeptides used herein 

corresponds to that used for the 503 amino acid residue wild type human IRF7 (isoform a) 

available in the art as Genbank Accession Number NP_001563. 20 

Accordingly, in some aspects, the disclosure provides a mRNA (e.g., mmRNA) 

encoding a mutant human IRF3 protein that is constitutively active, e.g., having a mutation at 

amino acid residue 396, such as an amino acid substitution, such as a S396D mutation, for 

example as set forth in the amino acid sequence of SEQ ID NO: 12 or encoded by the 

nucleotide sequence shown in SEQ ID NO: 151 or 212.  In other aspects, the mRNA (e.g., 25 

mmRNA) construct encodes a constitutively active mouse IRF3 polypeptide comprising an 

S396D mutation, for example as set forth in the amino acid sequence of SEQ ID NO: 11 or 

encoded by the nucleotide sequence shown in SEQ ID NO: 150 or 211. 

In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a mutant 

human IRF7 protein that is constitutively active.  In one aspect, the disclosure provides a 30 

mRNA (e.g., mmRNA) encoding a constitutively active IR7 protein comprising one or more 

point mutations (amino acid substitutions compared to wild-type).  In other aspects, the 
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disclosure provides a mRNA (e.g., mmRNA) encoding a constitutively active IR7 protein 

comprising a truncated form of the protein (amino acid deletions compared to wild-type).  In 

yet other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a constitutively 

active IR7 protein comprising a truncated form of the protein that also includes one or more 

point mutations (a combination of amino acid deletions and amino acid substitutions 5 

compared to wild-type).   

The wild-type amino acid sequence of human IRF7 (isoform a) is set forth in SEQ ID 

NO: 13, encoded by the nucleotide sequence shown in SEQ ID NO: 152 or 213.  A series of 

constitutively active forms of human IRF7 were prepared comprising point mutations, 

deletions, or both, as compared to the wild-type sequence.  In one aspect, the disclosure 10 

provides an immune potentiator mRNA construct encoding a constitutively active IRF7 

polypeptide comprising one or more of the following mutations: S475D, S476D, S477D, 

S479D, L480D, S483D and S487D, and combinations thereof.  In other aspects, the 

disclosure provides a mRNA (e.g., mmRNA) encoding a constitutively active IRF7 

polypeptide comprising mutations S477D and S479D, as set forth in the amino acid sequence 15 

of SEQ ID NO: 14, encoded by the nucleotide sequence shown in SEQ ID NO: 153 or 214.  

In another aspect, the disclosure provides a mRNA (e.g., mmRNA) encoding a constitutively 

active IRF7 polypeptide comprising mutations S475D, S477D and L480D, as set forth in the 

amino acid sequence of SEQ ID NO: 15, encoded by the nucleotide sequence shown in SEQ 

ID NO: 154 or 215.  In other aspects, the disclosure provides a mRNA (e.g., mmRNAs) 20 

encoding a constitutively active IRF7 polypeptide comprising mutations S475D, S476D, 

S477D, S479D, S483D and S487D, as set forth in the amino acid sequence of SEQ ID NO: 

16, encoded by the nucleotide sequence shown in SEQ ID NO: 155 or 216.  In another aspect, 

the disclosure provides a mRNA (e.g., mmRNA) encoding a constitutively active IRF7 

polypeptide comprising a deletion of amino acid residues 247-467 (i.e., comprising amino 25 

acid residues 1-246 and 468-503), as set forth in the amino acid sequence of SEQ ID NO: 17, 

encoded by the nucleotide sequence shown in SEQ ID NO: 156 or 217.  In yet other aspects, 

the disclosure provides a mRNA (e.g., mmRNA) encoding a constitutively active IRF7 

polypeptide comprising a deletion of amino acid residues 247-467 (i.e., comprising amino 

acid residues 1-246 and 468-503) and further comprising mutations S475D, S476D, S477D, 30 

S479D, S483D and S487D, as set forth in the amino acid sequence of SEQ ID NO: 18, 

encoded by the nucleotide sequence shown in SEQ ID NO: 157 or 218.   
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In other aspects, the disclosure provides a mRNA (e.g., mmRNA) encoding a 

truncated IRF7 inactive “null” polypeptide construct comprising a deletion of residues 152-

246 (i.e., comprising amino acid residues 1-151 and 247-503), as set forth in the amio acid 

sequence of SEQ ID NO: 19, encoded by the nucleotide sequence shown in SEQ ID NO: 158 

or 219 (used, for example, for control purposes).  In other aspects, the disclosure provides a 5 

mRNA (e.g., mmRNA) encoding a truncated IRF7 inactive “null” polypeptide construct 

comprising a deletion of residues 1-151 (i.e., comprising amino acid residues 152-503), as set 

forth in the amino acid sequence of SEQ ID NO: 20, encoded by the nucleotide sequence 

shown in SEQ ID NO: 159 or 220 (used, for example, for control purposes). 

 10 

Additional Immune Potentiator mRNAs that Activate Type I IFN 

 In addition to the STING and IRF mRNA constructs described above, the disclosure 

provides mRNA constructs encoding additional components of the Type I IFN signaling 

pathway that can be use as immune potentiators to enhance immune responses through 

activation of the Type I IFN signaling pathway.  For example, in one embodiment, the 15 

immune potentiator mRNA construct encodes a MyD88 protein.  MyD88 is known in the art 

to signal upstream of IRF7.  In one aspect, the disclosure provides a mRNA (e.g., mmRNA) 

encoding a constitutively active MyD88 protein, such as mutant MyD88 protein having one 

or more point mutations.  In one aspect, the disclosure provides a mRNA (e.g., mmRNA) 

encoding a mutant human or mouse MyD88 protein having a L265P substitutions, as set forth 20 

in SEQ ID NOs: 75 and 76, respectively.   

 In another aspect, an immune potentiator mRNA construct encodes a TRAM 

(TICAM2) protein.  TRAM is known in the art to signal upstream of IRF3.  In one aspect, the 

disclosure encompasses a mRNA (e.g., mmRNA) encoding a constitutively active TRAM 

protein, such as mutant TRAM protein having one or more point mutations.  In another 25 

aspect, the disclosure encompasses a wild-type TRAM protein that is overexpressed.  In one 

aspect, the disclosure provides a mRNA (e.g., mmRNA) encoding a mouse TRAM protein as 

shown in SEQ ID NO: 77.  

In yet other aspects, the disclosure provides an immune potentiator mRNA construct 

encoding a TANK-binding kinase 1 (TBK1) or an inducible IκB kinase (IKKi, also known as 30 

IKKε), including constitutively active forms of TBK1 or IKKi, as immune potentiators.  

TBK1 and IKKi have been demonstrated to be components of the virus-activated kinase that 
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phosphorylates IRF3 and IRF7, thus acting upstream from IRF3 and IRF7 in the Type I IFN 

signaling pathway (Sharma, S. et al. (2003) Science 300:1148-1151). TBK1 and IKKi are 

involved in the phosphorylation and activation of transcription factors (e.g. IRF3/7 & NF-κB) 

that induce expression of type I IFN genes as well as IFN-inducible genes (Fitzgerald, K.A. et 

al., (2003) Nat Immunol 4(5):491-496).   5 

Accordingly, in one aspect, the disclosure provides an immune potentiator mRNA 

construct that encodes a TBK1 protein, including a constitutively active form of TBK1, 

including mutant human TBK1 isoforms.  In yet other aspects, an immune potentiator mRNA 

construct encodes a IKKi protein, including a constitutively active form of IKKi, including 

mutant human IKKi isoforms. 10 

 

Immune Potentiators mRNAs that Stimulate Inflammatory Responses 

 In other aspects, the disclosure provides immune potentiator mRNA constructs that 

enhance an immune response by stimulating an inflammatory response.   Non-limiting 

examples of agents that stimulate an inflammatory response include STAT1, STAT2, STAT4 15 

and STAT6.  Accordingly, the disclosure provides an immune potentiator mRNA construct 

encoding one or a combination of these inflammation-inducing proteins, including a 

constitutively active form. 

Provided herein are mRNAs (e.g., mmRNAs) encoding constitutively active forms of 

STAT6, including mutant human STAT6 isoforms for use as immune potentiators as 20 

described herein.  mRNAs (e.g., mmRNAs) encoding constitutively active forms of STAT6, 

including mutant human STAT6 isoforms are set forth in the Sequence Listing herein.  The 

amino acid residue numbering for mutant human STAT6 polypeptides used herein 

corresponds to that used for the 847 amino acid residue wild type human STAT6 (isoform 1) 

available in the art as Genbank Accession Number NP_001171550.1. 25 

 In one embodiment, the disclosure provides a mRNA construct encoding a 

constitutively active human STAT6 construct comprising one or more amino acid mutations 

selected from the group consisting of S407D, V547A, T548A, Y641F, and combinations 

thereof.  In another embodiment, the mRNA construct encodes a constitutively active human 

STAT6 construct comprising V547A and T548A mutations, such as the sequence shown in 30 

SEQ ID NO: 78.  In another embodiment, the mRNA construct encodes a constitutively 

active human STAT6 construct comprising a S407D mutation, such as the sequence shown in 
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SEQ ID NO: 79.   In another embodiment, the mRNA construct encodes a constitutively 

active human STAT6 construct comprising S407D, V547A and T548A mutations, such as the 

sequence shown in SEQ ID NO: 80.  In another embodiment, the mRNA construct encodes a 

constitutively active human STAT6 construct comprising V547A, T548A and Y641F 

mutations, such as the sequence shown in SEQ ID NO: 81.  5 

 

Immune Potentiator mRNAs that Stimulate NFkB Signaling 

 In other aspects, the disclosure provides immune potentiator mRNA constructs that 

enhance an immune response by stimulating an NFkB signaling, which is known to be 

involved in stimulation of immune responses. Non-limiting examples of proteins that 10 

stimulate NFkB signaling include c-FLIP, IKKβ, RIPK1, Btk and TAK-TAB1.  Accordingly, 

an immune potentiator mRNA construct of the present disclosure can encode any of these 

NFkB pathway-inducing proteins, for example in a constitutively active form. 

In one embodiment, the disclosure provides an immune potentiator mRNA construct 

that activates NFκB signaling encodes a c-FLIP (cellular caspase 8 (FLICE)-like inhibitory 15 

protein) protein (also known in the art as CASP8 and FADD-like apoptosis regulator), 

including a constitutively active c-FLIP.  Provided herein are mRNAs (e.g., mmRNAs) 

encoding constitutively active forms of c-FLIP, including mutant human c-FLIP isoforms for 

use as immune potentiators as described herein.  mRNAs (e.g., mmRNAs) encoding 

constitutively active forms of c-FLIP, including mutant human c-FLIP isoforms are set forth 20 

in the Sequence Listing herein.  The amino acid residue numbering for mutant human c-FLIP 

polypeptides used herein corresponds to that used for the 480 amino acid residue wild type 

human c-FLIP (isoform 1) available in the art as Genbank Accession Number NP_003870. 

 In one embodiment, the mRNA encodes a c-FLIP long (L) isoform comprising two 

DED domains, a p20 domain and a p12 domain, such as having the sequence shown in SEQ 25 

ID NO: 82.  In another embodiment, the mRNA encodes a c-FLIP short (S) isoform, 

encoding amino acids 1-227, comprising two DED domains, such as having the sequence 

shown in SEQ ID NO: 83.  In another embodiment, the mRNA encodes a c-FLIP p22 

cleavage product, encoding amino acids 1-198, such as having the sequence shown in SEQ 

ID NO: 84.  In another embodiment, the mRNA encodes a c-FLIP p43 cleavage product, 30 

encoding amino acids 1-376, such as having the sequence shown in SEQ ID NO: 85.  In 
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another embodiment, the mRNA encodes a c-FLIP p12 cleavage product, encoding amino 

acids 377-480, such as having the sequence shown in SEQ ID NO: 86.  

In another embodiment, an immune potentiator mRNA construct that activates NFκB 

signaling encodes a constitutively active IKKα mRNA construct or a constitutively active 

IKKβ mRNA construct.  In one embodiment, the constitutively active human IKKβ 5 

polypeptide comprises S177E and S181E mutations, such as the sequence shown in SEQ ID 

NO: 87.  In another embodiment, the constitutively active human IKKβ polypeptide 

comprises S177A and S181A mutations, such as the sequence shown in SEQ ID NO: 88.  In 

another embodiment, the mRNA construct encodes a constitutively active mouse IKKβ 

polypeptide.  In one embodiment, the constitutively active mouse IKKβ polypeptide 10 

comprises S177E and S181E mutations, such as the sequence shown in SEQ ID NO: 148.  In 

another embodiment, the constitutively active mouse IKKβ polypeptide comprises S177A 

and S181A mutations, such as the sequence shown in SEQ ID NO: 89.  In another 

embodiment, the mRNA construct encodes a constitutively active human or mouse 

IKKα polypeptide comprising a PEST mutation, such as having a sequence as shown in SEQ 15 

ID NOs: 91-92 (human) or 95-96 (mouse).  In another embodiment, the mRNA construct 

encodes a constitutively active human or mouse IKKβ polypeptide comprising a PEST 

mutation, such as having the sequence shown in SEQ ID NOs: 93-94 (human) or 97-98 

(mouse).  

 In another embodiment, the disclosure provides an immune potentiator mRNA 20 

construct that activates NFκB signaling encoding a receptor-interacting protein kinase 1 

(RIPK1) protein.  Structure of DNA constucts encoding RIPK1 constructs that induce 

immunogenic cell death are described in the art, for example, Yatim, N. et al. (2015) Science 

350:328-334 or Orozco, S. et al. (2014) Cell Death Differ. 21:1511-1521, and can be used in 

the design of suitable RNA constructs that are shown herein to also active NFkB signaling 25 

(see Examples).  In one embodiment, the mRNA construct encodes RIPK1 amino acids 1-555 

of a human or mouse RIPK1 polypeptide as well as an IZ domain, such as having the 

sequence shown in SEQ ID N: 99 (human) or 102 (mouse).  In one embodiment, the mRNA 

construct encodes RIPK1 amino acids 1-555 of a human or mouse RIPK1 polypeptide as well 

as EE and DM domains, such as having the sequence shown in SEQ ID NO: 100 (human) or 30 

103 (mouse).  In one embodiment, the mRNA construct encodes RIPK1 amino acids 1-555 of 
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a human or mouse RIPK1 polypeptide as well as RR and DM domains, such as having the 

sequence shown in SEQ ID NO: 101 (human) or 104 (mouse). 

 In yet another embodiment, an immune potentiator mRNA construct that activates 

NFκB signaling encodes a Btk polypeptide, such as a mutant Btk polypeptide such as a 

Btk(E41K) polypeptide (e.g., encoding an ORF amino acid sequence shown in SEQ ID NO: 5 

114) 

 In yet another embodiment, an immune potentiator mRNA construct that activates 

NFκB signaling encodes a TAK-TAB1 protein, such as a constitutively active TAK-TAB1.  

In one embodiment, an immune potentiator mRNA construct encodes a human TAK-TAB1 

protein, such as having the sequence shown in SEQ ID NO: 105.  10 

 

Additional Immune Potentiator mRNAs 

 The present disclosure provides additional immune potentiator mRNA constructs.  

For example, in one embodiment, an immune potentiator mRNA construct encodes direct 

IAP binding protein with low pI (DIABLO) (also known as SMAC/DIABLO). As described 15 

in the examples herein, DIABLO constructs induce release of cytokines.  In one embodiment, 

the disclosure provides a mRNA construct encoding a wild-type human DIABLO Isoform 1 

sequence, such as having the sequence shown in SEQ ID NO: 106 (corresponding to the 239 

amino acid human DIABLO isoform 1 precursor disclosed in the art as Genbank Accession 

No. NP_063940.1).  In another embodiment, the mRNA construct encodes a human DIABLO 20 

Isoform 1 sequence comprising an S126L mutation, such as having the sequence shown in 

SEQ ID NO: 107.  In another embodiment, the mRNA construct encodes amino acids 56-239 

of human DIABLO Isoform 1, such as having the sequence shown in SEQ ID N: 108.  In 

another embodiment, the mRNA construct encodes amino acids 56-239 of human DIABLO 

Isoform 1 and comprises an S126L mutation, such as having the sequence shown in SEQ ID 25 

NO: 109.  In another embodiment, the mRNA construct encodes a wild-type human DIABLO 

Isoform 3 sequence, such as having the sequence shown in SEQ ID NO: 110 (corresponding 

to the 195 amino acid human DIABLO isoform 3 disclosed in the art as Genbank Accession 

No. NP_001265271.1).  In another embodiment, the mRNA construct encodes a human 

DIABLO Isoform 3 sequence comprising an S82L mutation, such as having the sequence 30 

shown in SEQ ID NO: 110.  In another embodiment, the mRNA construct encodes amino 

acids 56-195 of human DIABLO Isoform 3, such as having the sequence shown in SEQ ID 
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NO: 111.  In another embodiment, the mRNA construct encodes amino acids 56-195 of 

human DIABLO Isoform 3 and comprises an S82L mutation, such as having the sequence 

shown in SEQ ID NO: 112.  

 In additional embodiments, the immune potentiator mRNA construct encodes a SOC3 

polypeptide (e.g., encoding an ORF amino acid sequence shown in SEQ ID NO: 115) or 5 

encodes a self-activating caspase-1 polypeptide (e.g, encoding any of the ORF amino acid 

sequences shown in SEQ ID NOs: 116-119), which can promote cleavage of pro-IL1β and 

pro-IL18 to their respective mature forms. 

 In yet other embodiments, an immune potentiator mRNA construct encodes a protein 

that modulates dendritic cell (DC) activity, such as stimulating DC production, activity or 10 

mobilization.  A non-limiting example of a protein that stimulates DC mobilization is FLT3.  

Accordingly, in one embodiment, the immune potentiator mRNA construct encodes a FLT3 

protein. 
 An immune potentiator mRNA construct typically comprises, in addition to the 

polypeptide-encoding sequences, other structural properties as described herein for mRNA 15 

constructs (e.g., modified nucleobases, 5’ cap, 5’ UTR, 3’ UTR, miR binding site(s), polyA 

tail, as described herein).  Suitable mRNA construct components are as described herein.  

 

Compositions of Cancer Antigens of Interest and Immune Potentiators 

 In another aspect, the disclosure provides a composition comprising at least one 20 

messenger RNA (e.g., modified mRNA (mmRNA)) encoding: (i) at least one antigen of 

interest (an activating oncogene mutation peptide(s)); and (ii) a polypeptide that enhances an 

immune response against the at least one antigen of interest (an activating oncogene mutation 

peptide(s)) when the at least on mRNA is administered to a subject, wherein said mRNA 

comprises one or more modified nucleobases.  Thus, the disclosure provides compositions 25 

comprising an immune potentiator mRNA and an mRNA encoding an antigen of interest (an 

activating oncogene mutation peptide(s)), wherein a single mRNA construct can encode both 

the antigen(s) or interest and the polypeptide that enhances an immune response to the 

antigen(s) or, alternatively, the composition can comprise two or more separate mRNA 

constructs, a first mRNA and a second mRNA (or third or fourth mRNA), wherein the first 30 

mRNA encodes the at least one antigen of interest and the second mRNA encodes the 

polypeptide that enhances an immune response to the antigen(s) (i.e., the second mRNA 

comprises the immune potentiator).  
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 In those embodiments comprising a first mRNA encoding an antigen(s) of interest and 

a second mRNA encoding the polypeptide that enhances an immune response to the 

antigen(s) of interest, the first mRNA and the second mRNAs can be coformulated together 

(e.g., prior to coadministration), such as coformulated in the same lipid nanoparticle. 

 In those embodiments comprising a single mRNA encoding both the antigen(s) of 5 

interest and the polypeptide that enhances an immune response to the antigen(s) of interest, 

the sequences encoding the polypeptide can be positioned on the mRNA construct either 

upstream or downstream of the sequences encoding the antigen of interest.  For example, 

non-limiting examples of mRNA constructs encoding both an antigen and an 

immunostimulatory polypeptide include those encoding at least one mutant KRAS antigen 10 

and a constitutively active STING polypeptide, e.g., encoding an amino acid sequence shown 

in any one of SEQ ID NOs: 48-71.  In one embodiment, the constitutively active STING 

polypeptide is located at the N-terminal end of the construct (i.e., upstream of the antigen-

encoding sequences), as shown in SEQ ID NOs: 48-57.  In another embodiment, the 

constitutively active STING polypeptide is located at the C-terminal end of the construct (i.e., 15 

downstream of the antigen-encoding sequences), as shown in SEQ ID NOs: 58-71.   

 Various mRNAs encoding antigens of interest (e.g., mRNA vaccines) that can be used 

in combination with an immune potentiator mRNA of the disclosure are described in further 

detail below.   

 20 

mRNA Construct Components 

An mRNA may be a naturally or non-naturally occurring mRNA.  An mRNA may 

include one or more modified nucleobases, nucleosides, or nucleotides, as described below, 

in which case it may be referred to as a “modified mRNA” or “mmRNA.”  As described 

herein “nucleoside” is defined as a compound containing a sugar molecule (e.g., a pentose or 25 

ribose) or derivative thereof in combination with an organic base (e.g., a purine or 

pyrimidine) or a derivative thereof (also referred to herein as “nucleobase”).  As described 

herein, “nucleotide” is defined as a nucleoside including a phosphate group.   

 An mRNA may include a 5’ untranslated region (5’-UTR), a 3’ untranslated region 

(3’-UTR), and/or a coding region (e.g., an open reading frame).  An exemplary 5’ UTR for 30 

use in the constructs is shown in SEQ ID NO: 21.  An exemplary 3’ UTR for use in the 

constructs is shown in SEQ ID NO: 22.  An exemplary 3’ UTR comprising miR-122 and 

miR-142.3p binding sites for use in the constructs is shown in SEQ ID NO: 23.  An mRNA 
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may include any suitable number of base pairs, including tens (e.g., 10, 20, 30, 40, 50, 60, 70, 

80, 90 or 100), hundreds (e.g., 200, 300, 400, 500, 600, 700, 800, or 900) or thousands (e.g., 

1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000) of base pairs.  Any number 

(e.g., all, some, or none) of nucleobases, nucleosides, or nucleotides may be an analog of a 

canonical species, substituted, modified, or otherwise non-naturally occurring.  In certain 5 

embodiments, all of a particular nucleobase type may be modified.   

 In some embodiments, an mRNA as described herein may include a 5’ cap structure, a 

chain terminating nucleotide, optionally a Kozak sequence (also known as a Kozak consensus 

sequence), a stem loop, a polyA sequence, and/or a polyadenylation signal. 

 A 5’ cap structure or cap species is a compound including two nucleoside moieties 10 

joined by a linker and may be selected from a naturally occurring cap, a non-naturally 

occurring cap or cap analog, or an anti-reverse cap analog (ARCA).  A cap species may 

include one or more modified nucleosides and/or linker moieties.  For example, a natural 

mRNA cap may include a guanine nucleotide and a guanine (G) nucleotide methylated at the 

7 position joined by a triphosphate linkage at their 5’ positions, e.g., m7G(5’)ppp(5’)G, 15 

commonly written as m7GpppG.  A cap species may also be an anti-reverse cap analog.  A 

non-limiting list of possible cap species includes m7GpppG, m7Gpppm7G, m73′dGpppG, 

m2
7,O3′GpppG, m2

7,O3′GppppG, m2
7,O2′GppppG, m7Gpppm7G, m73′dGpppG, m2

7,O3′GpppG, 

m2
7,O3′GppppG, and m2

7,O2′GppppG.   

 An mRNA may instead or additionally include a chain terminating nucleoside.  For 20 

example, a chain terminating nucleoside may include those nucleosides deoxygenated at the 

2’ and/or 3’ positions of their sugar group.  Such species may include 3'-deoxyadenosine 

(cordycepin), 3'-deoxyuridine, 3'-deoxycytosine, 3'-deoxyguanosine, 3'-deoxythymine, and 

2',3'-dideoxynucleosides, such as 2',3’-dideoxyadenosine, 2',3'-dideoxyuridine, 

2',3'-dideoxycytosine, 2',3'-dideoxyguanosine, and 2',3'-dideoxythymine.  In some 25 

embodiments, incorporation of a chain terminating nucleotide into an mRNA, for example at 

the 3’-terminus, may result in stabilization of the mRNA, as described, for example, in 

International Patent Publication No. WO 2013/103659.   

 An mRNA may instead or additionally include a stem loop, such as a histone stem 

loop.  A stem loop may include 2, 3, 4, 5, 6, 7, 8, or more nucleotide base pairs.  For 30 

example, a stem loop may include 4, 5, 6, 7, or 8 nucleotide base pairs.  A stem loop may be 

located in any region of an mRNA.  For example, a stem loop may be located in, before, or 
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after an untranslated region (a 5’ untranslated region or a 3’ untranslated region), a coding 

region, or a polyA sequence or tail.  In some embodiments, a stem loop may affect one or 

more function(s) of an mRNA, such as initiation of translation, translation efficiency, and/or 

transcriptional termination.   

 An mRNA may instead or additionally include a polyA sequence and/or 5 

polyadenylation signal.  A polyA sequence may be comprised entirely or mostly of adenine 

nucleotides or analogs or derivatives thereof.  A polyA sequence may be a tail located 

adjacent to a 3’ untranslated region of an mRNA.  In some embodiments, a polyA sequence 

may affect the nuclear export, translation, and/or stability of an mRNA.     

 An mRNA may instead or additionally include a microRNA binding site. 10 

 In some embodiments, an mRNA is a bicistronic mRNA comprising a first coding 

region and a second coding region with an intervening sequence comprising an internal 

ribosome entry site (IRES) sequence that allows for internal translation initiation between the 

first and second coding regions, or with an intervening sequence encoding a self-cleaving 

peptide, such as a 2A peptide. IRES sequences and 2A peptides are typically used to enhance 15 

expression of multiple proteins from the same vector.  A variety of IRES sequences are 

known and available in the art and may be used, including, e.g., the encephalomyocarditis 

virus IRES.   

 In one embodiment, the polynucleotides of the present disclosure may include a 

sequence encoding a self-cleaving peptide.  The self-cleaving peptide may be, but is not 20 

limited to, a 2A peptide.  A variety of 2A peptides are known and available in the art and may 

be used, including e.g., the foot and mouth disease virus (FMDV) 2A peptide, the equine 

rhinitis A virus 2A peptide, the Thosea asigna virus 2A peptide, and the porcine teschovirus-

1 2A peptide.  2A peptides are used by several viruses to generate two proteins from one 

transcript by ribosome-skipping, such that a normal peptide bond is impaired at the 2A 25 

peptide sequence, resulting in two discontinuous proteins being produced from one 

translation event.  As a non-limiting example, the 2A peptide may have the protein sequence: 

GSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 24), fragments or variants thereof.  In one 

embodiment, the 2A peptide cleaves between the last glycine and last proline.  As another 

non-limiting example, the polynucleotides of the present disclosure may include a 30 

polynucleotide sequence encoding the 2A peptide having the protein sequence 

GSGATNFSLLKQAGDVEENPGP (SEQ ID NO:24) fragments or variants thereof.  One 
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example of a polynucleotide sequence encoding the 2A peptide is: 

GGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAG

AACCCTGGACCT (SEQ ID NO: 25).  In one illustrative embodiment, a 2A peptide is 

encoded by the following sequence: 5’-

TCCGGACTCAGATCCGGGGATCTCAAAATTGTCGCTCCTGTCAAACAAACTCTTA5 

ACTTTGATTTACTCAAACTGGCTGGGGATGTAGAAAGCAATCCAGGTCCACTC-

3’(SEQ ID NO: 26). The polynucleotide sequence of the 2A peptide may be modified or 

codon optimized by the methods described herein and/or are known in the art.   

 In one embodiment, this sequence may be used to separate the coding regions of two 

or more polypeptides of interest.  As a non-limiting example, the sequence encoding the F2A 10 

peptide may be between a first coding region A and a second coding region B (A-F2Apep-B).  

The presence of the F2A peptide results in the cleavage of the one long protein between the 

glycine and the proline at the end of the F2A peptide sequence (NPGP is cleaved to result in 

NPG and P) thus creating separate protein A (with 21 amino acids of the F2A peptide 

attached, ending with NPG) and separate protein B (with 1 amino acid, P, of the F2A peptide 15 

attached).  Likewise, for other 2A peptides (P2A, T2A and E2A), the presence of the peptide 

in a long protein results in cleavage between the glycine and proline at the end of the 2A 

peptide sequence (NPGP is cleaved to result in NPG and P).  Protein A and protein B may be 

the same or different peptides or polypeptides of interest.  In particular embodiments, protein 

A is a polypeptide that induces immunogenic cell death and protein B is another polypeptide 20 

that stimulates an inflammatory and/or immune response and/or regulates immune 

responsiveness (as described further below).  
 

Modified mRNAs 

 In some embodiments, an mRNA of the disclosure comprises one or more modified 25 

nucleobases, nucleosides, or nucleotides (termed “modified mRNAs” or “mmRNAs”).  In 

some embodiments, modified mRNAs may have useful properties, including enhanced 

stability, intracellular retention, enhanced translation, and/or the lack of a substantial 

induction of the innate immune response of a cell into which the mRNA is introduced, as 

compared to a reference unmodified mRNA.  Therefore, use of modified mRNAs may 30 

enhance the efficiency of protein production, intracellular retention of nucleic acids, as well 

as possess reduced immunogenicity. 
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 In some embodiments, an mRNA includes one or more (e.g., 1, 2, 3 or 4) different 

modified nucleobases, nucleosides, or nucleotides.  In some embodiments, an mRNA 

includes one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or 

more) different modified nucleobases, nucleosides, or nucleotides.  In some embodiments, 

the modified mRNA may have reduced degradation in a cell into which the mRNA is 5 

introduced, relative to a corresponding unmodified mRNA.   

In some embodiments, the modified nucleobase is a modified uracil.  Exemplary 

nucleobases and nucleosides having a modified uracil include pseudouridine (ψ), pyridin-4-

one ribonucleoside, 5-aza-uridine, 6-aza-uridine, 2-thio-5-aza-uridine, 2-thio-uridine (s2U), 4-

thio-uridine (s4U), 4-thio-pseudouridine, 2-thio-pseudouridine, 5-hydroxy-uridine (ho5U), 5-10 

aminoallyl-uridine, 5-halo-uridine (e.g., 5-iodo-uridineor 5-bromo-uridine), 3-methyl-uridine 

(m3U), 5-methoxy-uridine (mo5U), uridine 5-oxyacetic acid (cmo5U), uridine 5-oxyacetic 

acid methyl ester (mcmo5U), 5-carboxymethyl-uridine (cm5U), 1-carboxymethyl-

pseudouridine, 5-carboxyhydroxymethyl-uridine (chm5U), 5-carboxyhydroxymethyl-uridine 

methyl ester (mchm5U), 5-methoxycarbonylmethyl-uridine (mcm5U), 5-15 

methoxycarbonylmethyl-2-thio-uridine (mcm5s2U), 5-aminomethyl-2-thio-uridine (nm5s2U), 

5-methylaminomethyl-uridine (mnm5U), 5-methylaminomethyl-2-thio-uridine (mnm5s2U), 5-

methylaminomethyl-2-seleno-uridine (mnm5se2U), 5-carbamoylmethyl-uridine (ncm5U), 5-

carboxymethylaminomethyl-uridine (cmnm5U), 5-carboxymethylaminomethyl-2-thio-uridine 

(cmnm5s2U), 5-propynyl-uridine, 1-propynyl-pseudouridine, 5-taurinomethyl-uridine (τm5U), 20 

1-taurinomethyl-pseudouridine, 5-taurinomethyl-2-thio-uridine(τm5s2U), 1-taurinomethyl-4-

thio-pseudouridine, 5-methyl-uridine (m5U, i.e., having the nucleobase deoxythymine), 1-

methyl-pseudouridine (m1ψ), 5-methyl-2-thio-uridine (m5s2U), 1-methyl-4-thio-

pseudouridine (m1s4ψ), 4-thio-1-methyl-pseudouridine, 3-methyl-pseudouridine (m3ψ), 2-

thio-1-methyl-pseudouridine, 1-methyl-1-deaza-pseudouridine, 2-thio-1-methyl-1-deaza-25 

pseudouridine, dihydrouridine (D), dihydropseudouridine, 5,6-dihydrouridine, 5-methyl-

dihydrouridine (m5D), 2-thio-dihydrouridine, 2-thio-dihydropseudouridine, 2-methoxy-

uridine, 2-methoxy-4-thio-uridine, 4-methoxy-pseudouridine, 4-methoxy-2-thio-

pseudouridine, N1-methyl-pseudouridine, 3-(3-amino-3-carboxypropyl)uridine (acp3U), 1-

methyl-3-(3-amino-3-carboxypropyl)pseudouridine (acp3 ψ), 5-30 

(isopentenylaminomethyl)uridine (inm5U), 5-(isopentenylaminomethyl)-2-thio-uridine 

(inm5s2U), α-thio-uridine, 2′-O-methyl-uridine (Um), 5,2′-O-dimethyl-uridine (m5Um), 2′-O-

methyl-pseudouridine (ψm), 2-thio-2′-O-methyl-uridine (s2Um), 5-methoxycarbonylmethyl-

2′-O-methyl-uridine (mcm5Um), 5-carbamoylmethyl-2′-O-methyl-uridine (ncm5Um), 5-
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carboxymethylaminomethyl-2′-O-methyl-uridine (cmnm5Um), 3,2′-O-dimethyl-uridine 

(m3Um), and 5-(isopentenylaminomethyl)-2′-O-methyl-uridine (inm5Um), 1-thio-uridine, 

deoxythymidine, 2’‐F‐ara‐uridine, 2’‐F‐uridine, 2’‐OH‐ara‐uridine, 5‐(2‐carbomethoxyvinyl) 

uridine, and 5‐[3‐(1‐E‐propenylamino)]uridine.   

 In some embodiments, the modified nucleobase is a modified cytosine.  Exemplary 5 

nucleobases and nucleosides having a modified cytosine include 5-aza-cytidine, 6-aza-

cytidine, pseudoisocytidine, 3-methyl-cytidine (m3C), N4-acetyl-cytidine (ac4C), 5-formyl-

cytidine (f5C), N4-methyl-cytidine (m4C), 5-methyl-cytidine (m5C), 5-halo-cytidine (e.g., 5-

iodo-cytidine), 5-hydroxymethyl-cytidine (hm5C), 1-methyl-pseudoisocytidine, pyrrolo-

cytidine, pyrrolo-pseudoisocytidine, 2-thio-cytidine (s2C), 2-thio-5-methyl-cytidine, 4-thio-10 

pseudoisocytidine, 4-thio-1-methyl-pseudoisocytidine, 4-thio-1-methyl-1-deaza-

pseudoisocytidine, 1-methyl-1-deaza-pseudoisocytidine, zebularine, 5-aza-zebularine, 5-

methyl-zebularine, 5-aza-2-thio-zebularine, 2-thio-zebularine, 2-methoxy-cytidine, 2-

methoxy-5-methyl-cytidine, 4-methoxy-pseudoisocytidine, 4-methoxy-1-methyl-

pseudoisocytidine, lysidine (k2C), α-thio-cytidine, 2′-O-methyl-cytidine (Cm), 5,2′-O-15 

dimethyl-cytidine (m5Cm), N4-acetyl-2′-O-methyl-cytidine (ac4Cm), N4,2′-O-dimethyl-

cytidine (m4Cm), 5-formyl-2′-O-methyl-cytidine (f5Cm), N4,N4,2′-O-trimethyl-cytidine 

(m4
2Cm), 1-thio-cytidine, 2’‐F‐ara‐cytidine, 2’‐F‐cytidine, and 2’‐OH‐ara‐cytidine. 

In some embodiments, the modified nucleobase is a modified adenine.  Exemplary 

nucleobases and nucleosides having a modified adenine include α-thio-adenosine, 2-amino-20 

purine, 2, 6-diaminopurine, 2-amino-6-halo-purine (e.g., 2-amino-6-chloro-purine), 6-halo-

purine (e.g., 6-chloro-purine), 2-amino-6-methyl-purine, 8-azido-adenosine, 7-deaza-adenine, 

7-deaza-8-aza-adenine, 7-deaza-2-amino-purine, 7-deaza-8-aza-2-amino-purine, 7-deaza-2,6-

diaminopurine, 7-deaza-8-aza-2,6-diaminopurine, 1-methyl-adenosine (m1A), 2-methyl-

adenine (m2A), N6-methyl-adenosine (m6A), 2-methylthio-N6-methyl-adenosine (ms2m6A), 25 

N6-isopentenyl-adenosine (i6A), 2-methylthio-N6-isopentenyl-adenosine (ms2i6A), N6-(cis-

hydroxyisopentenyl)adenosine (io6A), 2-methylthio-N6-(cis-hydroxyisopentenyl)adenosine 

(ms2io6A), N6-glycinylcarbamoyl-adenosine (g6A), N6-threonylcarbamoyl-adenosine (t6A), 

N6-methyl-N6-threonylcarbamoyl-adenosine (m6t6A), 2-methylthio-N6-threonylcarbamoyl-

adenosine (ms2g6A), N6,N6-dimethyl-adenosine (m6
2A), N6-hydroxynorvalylcarbamoyl-30 

adenosine (hn6A), 2-methylthio-N6-hydroxynorvalylcarbamoyl-adenosine (ms2hn6A), N6-

acetyl-adenosine (ac6A), 7-methyl-adenine, 2-methylthio-adenine, 2-methoxy-adenine, α-

thio-adenosine, 2′-O-methyl-adenosine (Am), N6,2′-O-dimethyl-adenosine (m6Am), 
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N6,N6,2′-O-trimethyl-adenosine (m6
2Am), 1,2′-O-dimethyl-adenosine (m1Am), 2′-O-

ribosyladenosine (phosphate) (Ar(p)), 2-amino-N6-methyl-purine, 1-thio-adenosine, 8-azido-

adenosine, 2’‐F‐ara‐adenosine, 2’‐F‐adenosine, 2’‐OH‐ara‐adenosine, and N6‐(19‐amino‐

pentaoxanonadecyl)-adenosine. 

 In some embodiments, the modified nucleobase is a modified guanine.  Exemplary 5 

nucleobases and nucleosides having a modified guanine include α-thio-guanosine, inosine 

(I), 1-methyl-inosine (m1I), wyosine (imG), methylwyosine (mimG), 4-demethyl-wyosine 

(imG-14), isowyosine (imG2), wybutosine (yW), peroxywybutosine (o2yW), 

hydroxywybutosine (OhyW), undermodified hydroxywybutosine (OhyW*), 7-deaza-

guanosine, queuosine (Q), epoxyqueuosine (oQ), galactosyl-queuosine (galQ), mannosyl-10 

queuosine (manQ), 7-cyano-7-deaza-guanosine (preQ0), 7-aminomethyl-7-deaza-guanosine 

(preQ1), archaeosine (G+), 7-deaza-8-aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-

guanosine, 6-thio-7-deaza-8-aza-guanosine, 7-methyl-guanosine (m7G), 6-thio-7-methyl-

guanosine, 7-methyl-inosine, 6-methoxy-guanosine, 1-methyl-guanosine (m1G), N2-methyl-

guanosine (m2G), N2,N2-dimethyl-guanosine (m2
2G), N2,7-dimethyl-guanosine (m2,7G), N2, 15 

N2,7-dimethyl-guanosine (m2,2,7G), 8-oxo-guanosine, 7-methyl-8-oxo-guanosine, 1-methyl-

6-thio-guanosine, N2-methyl-6-thio-guanosine, N2,N2-dimethyl-6-thio-guanosine, α-thio-

guanosine, 2′-O-methyl-guanosine (Gm), N2-methyl-2′-O-methyl-guanosine (m2Gm), 

N2,N2-dimethyl-2′-O-methyl-guanosine (m2
2Gm), 1-methyl-2′-O-methyl-guanosine (m1Gm), 

N2,7-dimethyl-2′-O-methyl-guanosine (m2,7Gm), 2′-O-methyl-inosine (Im), 1,2′-O-dimethyl-20 

inosine (m1Im), 2′-O-ribosylguanosine (phosphate) (Gr(p)) , 1-thio-guanosine, O6-methyl-

guanosine, 2’‐F‐ara‐guanosine, and 2’‐F‐guanosine.   

 In some embodiments, an mRNA of the disclosure includes a combination of one or 

more of the aforementioned modified nucleobases (e.g., a combination of 2, 3 or 4 of the 

aforementioned modified nucleobases.) 25 

 In some embodiments, the modified nucleobase is pseudouridine (ψ), N1-

methylpseudouridine (m1ψ), 2-thiouridine, 4’-thiouridine, 5-methylcytosine, 2-thio-1-methyl-

1-deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-thio-5-aza-uridine , 2-thio-

dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-

pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-pseudouridine, 4-thio-30 

pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-methoxyuridine, or 2’-O-methyl 

uridine.  In some embodiments, an mRNA of the disclosure includes a combination of one or 

more of the aforementioned modified nucleobases (e.g., a combination of 2, 3 or 4 of the 
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aforementioned modified nucleobases.)  In one embodiment, the modified nucleobase is N1-

methylpseudouridine (m1ψ) and the mRNA of the disclosure is fully modified with N1-

methylpseudouridine (m1ψ).  In some embodiments, N1-methylpseudouridine (m1ψ) 

represents from 75-100% of the uracils in the mRNA.  In some embodiments, N1-

methylpseudouridine (m1ψ) represents 100% of the uracils in the mRNA. 5 

 In some embodiments, the modified nucleobase is a modified cytosine.  Exemplary 

nucleobases and nucleosides having a modified cytosine include N4-acetyl-cytidine (ac4C), 

5-methyl-cytidine (m5C), 5-halo-cytidine (e.g., 5-iodo-cytidine), 5-hydroxymethyl-cytidine 

(hm5C), 1-methyl-pseudoisocytidine, 2-thio-cytidine (s2C), 2-thio-5-methyl-cytidine.  In 

some embodiments, an mRNA of the disclosure includes a combination of one or more of the 10 

aforementioned modified nucleobases (e.g., a combination of 2, 3 or 4 of the aforementioned 

modified nucleobases.) 

In some embodiments, the modified nucleobase is a modified adenine.  Exemplary 

nucleobases and nucleosides having a modified adenine include 7-deaza-adenine, 1-methyl-

adenosine (m1A), 2-methyl-adenine (m2A), N6-methyl-adenosine (m6A).  In some 15 

embodiments, an mRNA of the disclosure includes a combination of one or more of the 

aforementioned modified nucleobases (e.g., a combination of 2, 3 or 4 of the aforementioned 

modified nucleobases.) 

In some embodiments, the modified nucleobase is a modified guanine.  Exemplary 

nucleobases and nucleosides having a modified guanine include inosine (I), 1-methyl-inosine 20 

(m1I), wyosine (imG), methylwyosine (mimG), 7-deaza-guanosine, 7-cyano-7-deaza-

guanosine (preQ0), 7-aminomethyl-7-deaza-guanosine (preQ1), 7-methyl-guanosine (m7G), 1-

methyl-guanosine (m1G), 8-oxo-guanosine, 7-methyl-8-oxo-guanosine.  In some 

embodiments, an mRNA of the disclosure includes a combination of one or more of the 

aforementioned modified nucleobases (e.g., a combination of 2, 3 or 4 of the aforementioned 25 

modified nucleobases.) 

 In some embodiments, the modified nucleobase is 1-methyl-pseudouridine (m1ψ), 5-

methoxy-uridine (mo5U), 5-methyl-cytidine (m5C), pseudouridine (ψ), α-thio-guanosine, or 

α-thio-adenosine.  In some embodiments, an mRNA of the disclosure includes a combination 

of one or more of the aforementioned modified nucleobases (e.g., a combination of 2, 3 or 4 30 

of the aforementioned modified nucleobases.) 

 In some embodiments, the mRNA comprises pseudouridine (ψ).  In some 

embodiments, the mRNA comprises pseudouridine (ψ) and 5-methyl-cytidine (m5C). In some 

embodiments, the mRNA comprises 1-methyl-pseudouridine (m1ψ).  In some embodiments, 
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the mRNA comprises 1-methyl-pseudouridine (m1ψ) and 5-methyl-cytidine (m5C). In some 

embodiments, the mRNA comprises 2-thiouridine (s2U).  In some embodiments, the mRNA 

comprises 2-thiouridine and 5-methyl-cytidine (m5C).  In some embodiments, the mRNA 

comprises 5-methoxy-uridine (mo5U).  In some embodiments, the mRNA comprises 5-

methoxy-uridine (mo5U) and 5-methyl-cytidine (m5C).  In some embodiments, the mRNA 5 

comprises 2’-O-methyl uridine.  In some embodiments, the mRNA comprises 2’-O-methyl 

uridine and 5-methyl-cytidine (m5C).  In some embodiments, the mRNA comprises 

comprises N6-methyl-adenosine (m6A).  In some embodiments, the mRNA comprises N6-

methyl-adenosine (m6A) and 5-methyl-cytidine (m5C).  

 In certain embodiments, an mRNA of the disclosure is uniformly modified (i.e., fully 10 

modified, modified through-out the entire sequence) for a particular modification.  For 

example, an mRNA can be uniformly modified with N1-methylpseudouridine (m1ψ) or 5-

methyl-cytidine (m5C), meaning that all uridines or all cytosine nucleosides in the mRNA 

sequence are replaced with N1-methylpseudouridine (m1ψ) or 5-methyl-cytidine (m5C).  

Similarly, mRNAs of the disclosure can be uniformly modified for any type of nucleoside 15 

residue present in the sequence by replacement with a modified residue such as those set 

forth above.  

 In some embodiments, an mRNA of the disclosure may be modified in a coding 

region (e.g., an open reading frame encoding a polypeptide).  In other embodiments, an 

mRNA may be modified in regions besides a coding region.  For example, in some 20 

embodiments, a 5′-UTR and/or a 3′-UTR are provided, wherein either or both may 

independently contain one or more different nucleoside modifications. In such embodiments, 

nucleoside modifications may also be present in the coding region.  

 Examples of nucleoside modifications and combinations thereof that may be present 

in mmRNAs of the present disclosure include, but are not limited to, those described in PCT 25 

Patent Application Publications: WO2012045075, WO2014081507, WO2014093924, 

WO2014164253, and WO2014159813.   

 The mmRNAs of the disclosure can include a combination of modifications to the 

sugar, the nucleobase, and/or the internucleoside linkage.  These combinations can include 

any one or more modifications described herein.   30 

 Examples of modified nucleosides and modified nucleoside combinations are 

provided below in Table 1 and Table 2.  These combinations of modified nucleotides can be 

used to form the mmRNAs of the disclosure.  In certain embodiments, the modified 

nucleosides may be partially or completely substituted for the natural nucleotides of the 
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mRNAs of the disclosure.  As a non-limiting example, the natural nucleotide uridine may be 

substituted with a modified nucleoside described herein.  In another non-limiting example, 

the natural nucleoside uridine may be partially substituted (e.g., about 0.1%, 1%, 5%, 10%, 

15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 

95% or 99.9% of the natural uridines) with at least one of the modified nucleoside disclosed 5 

herein.  

 

Table 1. Combinations of Nucleoside Modifications 

Modified Nucleotide Modified Nucleotide Combination 
α-thio-cytidine α-thio-cytidine/5-iodo-uridine 

α-thio-cytidine/N1-methyl-pseudouridine 
α-thio-cytidine/α-thio-uridine 
α-thio-cytidine/5-methyl-uridine 
α-thio-cytidine/pseudo-uridine 
about 50% of the cytosines are α-thio-cytidine 

pseudoisocytidine pseudoisocytidine/5-iodo-uridine 
pseudoisocytidine/N1-methyl-pseudouridine 
pseudoisocytidine/α-thio-uridine 
pseudoisocytidine/5-methyl-uridine 
pseudoisocytidine/pseudouridine 
about 25% of cytosines are pseudoisocytidine  
pseudoisocytidine/about 50% of uridines are N1-
methyl-pseudouridine and about 50% of uridines 
are pseudouridine  
pseudoisocytidine/about 25% of uridines are N1-
methyl-pseudouridine and about 25% of uridines 
are pseudouridine  

pyrrolo-cytidine pyrrolo-cytidine/5-iodo-uridine 
pyrrolo-cytidine/N1-methyl-pseudouridine 
pyrrolo-cytidine/α-thio-uridine 
pyrrolo-cytidine/5-methyl-uridine 
pyrrolo-cytidine/pseudouridine 
about 50% of the cytosines are pyrrolo-cytidine 

5-methyl-cytidine 5-methyl-cytidine/5-iodo-uridine 
5-methyl-cytidine/N1-methyl-pseudouridine 
5-methyl-cytidine/α-thio-uridine 
5-methyl-cytidine/5-methyl-uridine 
5-methyl-cytidine/pseudouridine 
about 25% of cytosines are 5-methyl-cytidine  
about 50% of cytosines are 5-methyl-cytidine 
5-methyl-cytidine/5-methoxy-uridine 
5-methyl-cytidine/5-bromo-uridine 
5-methyl-cytidine/2-thio-uridine 
5-methyl-cytidine/about 50% of uridines are 2-
thio-uridine 
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about 50% of uridines are 5-methyl-cytidine/ about 
50% of uridines are 2-thio-uridine 

N4-acetyl-cytidine N4-acetyl-cytidine /5-iodo-uridine 
N4-acetyl-cytidine /N1-methyl-pseudouridine 
N4-acetyl-cytidine /α-thio-uridine 
N4-acetyl-cytidine /5-methyl-uridine 
N4-acetyl-cytidine  /pseudouridine 
about 50% of cytosines are N4-acetyl-cytidine 
about 25% of cytosines are N4-acetyl-cytidine  
N4-acetyl-cytidine /5-methoxy-uridine 
N4-acetyl-cytidine /5-bromo-uridine 
N4-acetyl-cytidine /2-thio-uridine 
about 50% of cytosines are N4-acetyl-cytidine/ 
about 50% of uridines are 2-thio-uridine 

 

Table 2. Modified Nucleosides and Combinations Thereof 

1-(2,2,2-Trifluoroethyl)pseudo-UTP 

1-Ethyl-pseudo-UTP 

1-Methyl-pseudo-U-alpha-thio-TP 

1-methyl-pseudouridine TP, ATP, GTP, CTP 

1-methyl-pseudo-UTP/5-methyl-CTP/ATP/GTP 

1-methyl-pseudo-UTP/CTP/ATP/GTP 

1-Propyl-pseudo-UTP 

25 % 5-Aminoallyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Aminoallyl-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Bromo-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Bromo-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Bromo-CTP + 75 % CTP/1-Methyl-pseudo-UTP 

25 % 5-Carboxy-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Carboxy-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Ethyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Ethyl-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Ethynyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Ethynyl-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Fluoro-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Fluoro-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Formyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Formyl-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Hydroxymethyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Hydroxymethyl-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 
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25 % 5-Iodo-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Iodo-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Methoxy-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Methoxy-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Methyl-CTP + 75 % CTP/25 % 5-Methoxy-UTP + 75 % 1-Methyl-
pseudo-UTP 

25 % 5-Methyl-CTP + 75 % CTP/25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Methyl-CTP + 75 % CTP/50 % 5-Methoxy-UTP + 50 % 1-Methyl-
pseudo-UTP 

25 % 5-Methyl-CTP + 75 % CTP/50 % 5-Methoxy-UTP + 50 % UTP 

25 % 5-Methyl-CTP + 75 % CTP/5-Methoxy-UTP 

25 % 5-Methyl-CTP + 75 % CTP/75 % 5-Methoxy-UTP + 25 % 1-Methyl-
pseudo-UTP 

25 % 5-Methyl-CTP + 75 % CTP/75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Phenyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Phenyl-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Trifluoromethyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % 5-Trifluoromethyl-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % 5-Trifluoromethyl-CTP + 75 % CTP/1-Methyl-pseudo-UTP 

25 % N4-Ac-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % N4-Ac-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % N4-Bz-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % N4-Bz-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % N4-Methyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % N4-Methyl-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25 % Pseudo-iso-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

25 % Pseudo-iso-CTP + 75 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

25% 5-Bromo-CTP/75% CTP/ Pseudo-UTP 

25% 5-methoxy-UTP/25% 5-methyl-CTP/ATP/GTP 

25% 5-methoxy-UTP/5-methyl-CTP/ATP/GTP 

25% 5-methoxy-UTP/75% 5-methyl-CTP/ATP/GTP 

25% 5-methoxy-UTP/CTP/ATP/GTP 

25% 5-metoxy-UTP/50% 5-methyl-CTP/ATP/GTP 

2-Amino-ATP 

2-Thio-CTP 

2-thio-pseudouridine TP, ATP, GTP, CTP 

2-Thio-pseudo-UTP 

2-Thio-UTP 

3-Methyl-CTP 
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3-Methyl-pseudo-UTP 

4-Thio-UTP 

50 % 5-Bromo-CTP + 50 % CTP/1-Methyl-pseudo-UTP 

50 % 5-Hydroxymethyl-CTP + 50 % CTP/1-Methyl-pseudo-UTP 

50 % 5-methoxy-UTP/5-methyl-CTP/ATP/GTP 

50 % 5-Methyl-CTP + 50 % CTP/25 % 5-Methoxy-UTP + 75 % 1-Methyl-
pseudo-UTP 

50 % 5-Methyl-CTP + 50 % CTP/25 % 5-Methoxy-UTP + 75 % UTP 

50 % 5-Methyl-CTP + 50 % CTP/50 % 5-Methoxy-UTP + 50 % 1-Methyl-
pseudo-UTP 

50 % 5-Methyl-CTP + 50 % CTP/50 % 5-Methoxy-UTP + 50 % UTP 

50 % 5-Methyl-CTP + 50 % CTP/5-Methoxy-UTP 

50 % 5-Methyl-CTP + 50 % CTP/75 % 5-Methoxy-UTP + 25 % 1-Methyl-
pseudo-UTP 

50 % 5-Methyl-CTP + 50 % CTP/75 % 5-Methoxy-UTP + 25 % UTP 

50 % 5-Trifluoromethyl-CTP + 50 % CTP/1-Methyl-pseudo-UTP 

50% 5-Bromo-CTP/ 50% CTP/Pseudo-UTP 

50% 5-methoxy-UTP/25% 5-methyl-CTP/ATP/GTP 

50% 5-methoxy-UTP/50% 5-methyl-CTP/ATP/GTP 

50% 5-methoxy-UTP/75% 5-methyl-CTP/ATP/GTP 

50% 5-methoxy-UTP/CTP/ATP/GTP 

5-Aminoallyl-CTP 

5-Aminoallyl-CTP/ 5-Methoxy-UTP 

5-Aminoallyl-UTP 

5-Bromo-CTP 

5-Bromo-CTP/ 5-Methoxy-UTP 

5-Bromo-CTP/1-Methyl-pseudo-UTP 

5-Bromo-CTP/Pseudo-UTP 

5-bromocytidine TP, ATP, GTP, UTP 

5-Bromo-UTP 

5-Carboxy-CTP/ 5-Methoxy-UTP 

5-Ethyl-CTP/5-Methoxy-UTP 

5-Ethynyl-CTP/5-Methoxy-UTP 

5-Fluoro-CTP/ 5-Methoxy-UTP 

5-Formyl-CTP/ 5-Methoxy-UTP 

5-Hydroxy- methyl-CTP/ 5-Methoxy-UTP 

5-Hydroxymethyl-CTP 

5-Hydroxymethyl-CTP/1-Methyl-pseudo-UTP 

5-Hydroxymethyl-CTP/5-Methoxy-UTP 
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5-hydroxymethyl-cytidine TP, ATP, GTP, UTP 

5-Iodo-CTP/ 5-Methoxy-UTP 

5-Me-CTP/5-Methoxy-UTP 

5-Methoxy carbonyl methyl-UTP 

5-Methoxy-CTP/5-Methoxy-UTP 

5-methoxy-uridine TP, ATP, GTP, UTP 

5-methoxy-UTP 

5-Methoxy-UTP 

5-Methoxy-UTP/ N6-Isopentenyl-ATP 

5-methoxy-UTP/25% 5-methyl-CTP/ATP/GTP 

5-methoxy-UTP/5-methyl-CTP/ATP/GTP 

5-methoxy-UTP/75% 5-methyl-CTP/ATP/GTP 

5-methoxy-UTP/CTP/ATP/GTP 

5-Methyl-2-thio-UTP 

5-Methylaminomethyl-UTP 

5-Methyl-CTP/ 5-Methoxy-UTP 

5-Methyl-CTP/ 5-Methoxy-UTP(cap 0) 

5-Methyl-CTP/ 5-Methoxy-UTP(No cap) 

5-Methyl-CTP/25 % 5-Methoxy-UTP + 75 % 1-Methyl-pseudo-UTP 

5-Methyl-CTP/25 % 5-Methoxy-UTP + 75 % UTP 

5-Methyl-CTP/50 % 5-Methoxy-UTP + 50 % 1-Methyl-pseudo-UTP 

5-Methyl-CTP/50 % 5-Methoxy-UTP + 50 % UTP 

5-Methyl-CTP/5-Methoxy-UTP/N6-Me-ATP 

5-Methyl-CTP/75 % 5-Methoxy-UTP + 25 % 1-Methyl-pseudo-UTP 

5-Methyl-CTP/75 % 5-Methoxy-UTP + 25 % UTP 

5-Phenyl-CTP/ 5-Methoxy-UTP 

5-Trifluoro- methyl-CTP/ 5-Methoxy-UTP 

5-Trifluoromethyl-CTP 

5-Trifluoromethyl-CTP/ 5-Methoxy-UTP 

5-Trifluoromethyl-CTP/1-Methyl-pseudo-UTP 

5-Trifluoromethyl-CTP/Pseudo-UTP 

5-Trifluoromethyl-UTP 

5-trifluromethylcytidine TP, ATP, GTP, UTP 

75 % 5-Aminoallyl-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Aminoallyl-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Bromo-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Bromo-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 
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75 % 5-Carboxy-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Carboxy-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Ethyl-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Ethyl-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Ethynyl-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Ethynyl-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Fluoro-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Fluoro-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Formyl-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Formyl-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Hydroxymethyl-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Hydroxymethyl-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Iodo-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Iodo-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Methoxy-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Methoxy-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-methoxy-UTP/5-methyl-CTP/ATP/GTP 

75 % 5-Methyl-CTP + 25 % CTP/25 % 5-Methoxy-UTP + 75 % 1-Methyl-
pseudo-UTP 

75 % 5-Methyl-CTP + 25 % CTP/25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Methyl-CTP + 25 % CTP/50 % 5-Methoxy-UTP + 50 % 1-Methyl-
pseudo-UTP 

75 % 5-Methyl-CTP + 25 % CTP/50 % 5-Methoxy-UTP + 50 % UTP 

75 % 5-Methyl-CTP + 25 % CTP/5-Methoxy-UTP 

75 % 5-Methyl-CTP + 25 % CTP/75 % 5-Methoxy-UTP + 25 % 1-Methyl-
pseudo-UTP 

75 % 5-Methyl-CTP + 25 % CTP/75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Phenyl-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Phenyl-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Trifluoromethyl-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % 5-Trifluoromethyl-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % 5-Trifluoromethyl-CTP + 25 % CTP/1-Methyl-pseudo-UTP 

75 % N4-Ac-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % N4-Ac-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % N4-Bz-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % N4-Bz-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % N4-Methyl-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 

75 % N4-Methyl-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75 % Pseudo-iso-CTP + 25 % CTP/ 25 % 5-Methoxy-UTP + 75 % UTP 
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75 % Pseudo-iso-CTP + 25 % CTP/ 75 % 5-Methoxy-UTP + 25 % UTP 

75% 5-Bromo-CTP/25% CTP/ 1-Methyl-pseudo-UTP 

75% 5-Bromo-CTP/25% CTP/ Pseudo-UTP 

75% 5-methoxy-UTP/25% 5-methyl-CTP/ATP/GTP 

75% 5-methoxy-UTP/50% 5-methyl-CTP/ATP/GTP 

75% 5-methoxy-UTP/75% 5-methyl-CTP/ATP/GTP 

75% 5-methoxy-UTP/CTP/ATP/GTP 

8-Aza-ATP 

Alpha-thio-CTP 

CTP/25 % 5-Methoxy-UTP + 75 % 1-Methyl-pseudo-UTP 

CTP/25 % 5-Methoxy-UTP + 75 % UTP 

CTP/50 % 5-Methoxy-UTP + 50 % 1-Methyl-pseudo-UTP 

CTP/50 % 5-Methoxy-UTP + 50 % UTP 

CTP/5-Methoxy-UTP 

CTP/5-Methoxy-UTP (cap 0) 

CTP/5-Methoxy-UTP(No cap) 

CTP/75 % 5-Methoxy-UTP + 25 % 1-Methyl-pseudo-UTP 

CTP/75 % 5-Methoxy-UTP + 25 % UTP 

CTP/UTP(No cap) 

N1-Me-GTP 

N4-Ac-CTP 

N4Ac-CTP/1-Methyl-pseudo-UTP 

N4Ac-CTP/5-Methoxy-UTP 

N4-acetyl-cytidine TP, ATP, GTP, UTP 

N4-Bz-CTP/ 5-Methoxy-UTP 

N4-methyl CTP 

N4-Methyl-CTP/ 5-Methoxy-UTP 

Pseudo-iso-CTP/ 5-Methoxy-UTP 

PseudoU-alpha-thio-TP 

pseudouridine TP, ATP, GTP, CTP 

pseudo-UTP/5-methyl-CTP/ATP/GTP 

UTP-5-oxyacetic acid Me ester 

Xanthosine 

 According to the disclosure, polynucleotides of the disclosure may be synthesized to 

comprise the combinations or single modifications of Table 1 or Table 2.  

 Where a single modification is listed, the listed nucleoside or nucleotide represents 

100 percent of that A, U, G or C nucleotide or nucleoside having been modified.  Where 
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percentages are listed, these represent the percentage of that particular A, U, G or C 

nucleobase triphosphate of the total amount of A, U, G, or C triphosphate present. For 

example, the combination: 25 % 5-Aminoallyl-CTP + 75 % CTP/ 25 % 5-Methoxy-UTP + 75 

% UTP refers to a polynucleotide where 25% of the cytosine triphosphates are 5-Aminoallyl-

CTP  while 75% of the cytosines are CTP; whereas 25% of the uracils are 5-methoxy UTP 5 

while 75% of the uracils are UTP.  Where no modified UTP is listed then the naturally 

occurring ATP, UTP, GTP and/or CTP is used at 100% of the sites of those nucleotides found 

in the polynucleotide. In this example all of the GTP and ATP nucleotides are left 

unmodified. 

 The mRNAs of the present disclosure, or regions thereof, may be codon optimized.  10 

Codon optimization methods are known in the art and may be useful for a variety of 

purposes: matching codon frequencies in host organisms to ensure proper folding, bias GC 

content to increase mRNA stability or reduce secondary structures, minimize tandem repeat 

codons or base runs that may impair gene construction or expression, customize 

transcriptional and translational control regions, insert or remove proteins trafficking 15 

sequences, remove/add post translation modification sites in encoded proteins (e.g., 

glycosylation sites), add, remove or shuffle protein domains, insert or delete restriction sites, 

modify ribosome binding sites and mRNA degradation sites, adjust translation rates to allow 

the various domains of the protein to fold properly, or to reduce or eliminate problem 

secondary structures within the polynucleotide.  Codon optimization tools, algorithms and 20 

services are known in the art; non-limiting examples include services from GeneArt (Life 

Technologies), DNA2.0 (Menlo Park, CA) and/or proprietary methods.  In one embodiment, 

the mRNA sequence is optimized using optimization algorithms, e.g., to optimize expression 

in mammalian cells or enhance mRNA stability. 

 In certain embodiments, the present disclosure includes polynucleotides having at 25 

least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% sequence 

identity to any of the polynucleotide sequences described herein. 

 mRNAs of the present disclosure may be produced by means available in the art, 

including but not limited to in vitro transcription (IVT) and synthetic methods.  Enzymatic 

(IVT), solid-phase, liquid-phase, combined synthetic methods, small region synthesis, and 30 

ligation methods may be utilized. In one embodiment, mRNAs are made using IVT 

enzymatic synthesis methods. Methods of making polynucleotides by IVT are known in the 



  MDN-015PC 

84 

art and are described in International Application PCT/US2013/30062, the contents of which 

are incorporated herein by reference in their entirety. Accordingly, the present disclosure also 

includes polynucleotides, e.g., DNA, constructs and vectors that may be used to in vitro 

transcribe an mRNA described herein.  

 Non-natural modified nucleobases may be introduced into polynucleotides, e.g., 5 

mRNA, during synthesis or post-synthesis.  In certain embodiments, modifications may be on 

internucleoside linkages, purine or pyrimidine bases, or sugar.  In particular embodiments, 

the modification may be introduced at the terminal of a polynucleotide chain or anywhere 

else in the polynucleotide chain; with chemical synthesis or with a polymerase enzyme.  

Examples of modified nucleic acids and their synthesis are disclosed in PCT application No. 10 

PCT/US2012/058519.  Synthesis of modified polynucleotides is also described in Verma and 

Eckstein, Annual Review of Biochemistry, vol. 76, 99-134 (1998). 

 Either enzymatic or chemical ligation methods may be used to conjugate 

polynucleotides or their regions with different functional moieties, such as targeting or 

delivery agents, fluorescent labels, liquids, nanoparticles, etc.  Conjugates of polynucleotides 15 

and modified polynucleotides are reviewed in Goodchild, Bioconjugate Chemistry, vol. 1(3), 

165-187 (1990). 

 
MicroRNA (miRNA) Binding Sites 

Polynucleotides of the disclosure can include regulatory elements, for example, 20 

microRNA (miRNA) binding sites, transcription factor binding sites, structured mRNA 

sequences and/or motifs, artificial binding sites engineered to act as pseudo-receptors for 

endogenous nucleic acid binding molecules, and combinations thereof. In some 

embodiments, polynucleotides including such regulatory elements are referred to as including 

“sensor sequences.” Non-limiting examples of sensor sequences are described in U.S. 25 

Publication 2014/0200261, the contents of which are incorporated herein by reference in their 

entirety.  

In some embodiments, a polynucleotide (e.g., a ribonucleic acid (RNA), e.g., a 

messenger RNA (mRNA)) of the disclosure comprises an open reading frame (ORF) 

encoding a polypeptide of interest and further comprises one or more miRNA binding site(s). 30 

Inclusion or incorporation of miRNA binding site(s) provides for regulation of 

polynucleotides of the disclosure, and in turn, of the polypeptides encoded therefrom, based 

on tissue-specific and/or cell-type specific expression of naturally-occurring miRNAs.   
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A miRNA, e.g., a natural-occurring miRNA, is a 19-25 nucleotide long noncoding 

RNA that binds to a polynucleotide and down-regulates gene expression either by reducing 

stability or by inhibiting translation of the polynucleotide. A miRNA sequence comprises a 

“seed” region, i.e., a sequence in the region of positions 2-8 of the mature miRNA. A miRNA 

seed can comprise positions 2-8 or 2-7 of the mature miRNA. In some embodiments, a 5 

miRNA seed can comprise 7 nucleotides (e.g., nucleotides 2-8 of the mature miRNA), 

wherein the seed-complementary site in the corresponding miRNA binding site is flanked by 

an adenosine (A) opposed to miRNA position 1. In some embodiments, a miRNA seed can 

comprise 6 nucleotides (e.g., nucleotides 2-7 of the mature miRNA), wherein the seed-

complementary site in the corresponding miRNA binding site is flanked by an adenosine (A) 10 

opposed to miRNA position 1. See, for example, Grimson A, Farh KK, Johnston WK, 

Garrett-Engele P, Lim LP, Bartel DP; Mol Cell. 2007 Jul 6;27(1):91-105. miRNA profiling 

of the target cells or tissues can be conducted to determine the presence or absence of miRNA 

in the cells or tissues. In some embodiments, a polynucleotide (e.g., a ribonucleic acid 

(RNA), e.g., a messenger RNA (mRNA)) of the disclosure comprises one or more microRNA 15 

binding sites, microRNA target sequences, microRNA complementary sequences, or 

microRNA seed complementary sequences. Such sequences can correspond to, e.g., have 

complementarity to, any known microRNA such as those taught in US Publication 

US2005/0261218 and US Publication US2005/0059005, the contents of each of which are 

incorporated herein by reference in their entirety. 20 

As used herein, the term “microRNA (miRNA or miR) binding site” refers to a 

sequence within a polynucleotide, e.g., within a DNA or within an RNA transcript, including 

in the 5′UTR and/or 3′UTR, that has sufficient complementarity to all or a region of a 

miRNA to interact with, associate with or bind to the miRNA. In some embodiments, a 

polynucleotide of the disclosure comprising an ORF encoding a polypeptide of interest and 25 

further comprises one or more miRNA binding site(s). In exemplary embodiments, a 5'UTR 

and/or 3'UTR of the polynucleotide (e.g., a ribonucleic acid (RNA), e.g., a messenger RNA 

(mRNA)) comprises the one or more miRNA binding site(s).  

A miRNA binding site having sufficient complementarity to a miRNA refers to a 

degree of complementarity sufficient to facilitate miRNA-mediated regulation of a 30 

polynucleotide, e.g., miRNA-mediated translational repression or degradation of the 

polynucleotide. In exemplary aspects of the disclosure, a miRNA binding site having 

sufficient complementarity to the miRNA refers to a degree of complementarity sufficient to 

facilitate miRNA-mediated degradation of the polynucleotide, e.g., miRNA-guided RNA-
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induced silencing complex (RISC)-mediated cleavage of mRNA. The miRNA binding site 

can have complementarity to, for example, a 19-25 nucleotide miRNA sequence, to a 19-23 

nucleotide miRNA sequence, or to a 22 nucleotide miRNA sequence. A miRNA binding site 

can be complementary to only a portion of a miRNA, e.g., to a portion less than 1, 2, 3, or 4 

nucleotides of the full length of a naturally-occurring miRNA sequence. Full or complete 5 

complementarity (e.g., full complementarity or complete complementarity over all or a 

significant portion of the length of a naturally-occurring miRNA) is preferred when the 

desired regulation is mRNA degradation.  

In some embodiments, a miRNA binding site includes a sequence that has 

complementarity (e.g., partial or complete complementarity) with a miRNA seed sequence. 10 

In some embodiments, the miRNA binding site includes a sequence that has complete 

complementarity with a miRNA seed sequence. In some embodiments, a miRNA binding site 

includes a sequence that has complementarity (e.g., partial or complete complementarity) 

with an miRNA sequence. In some embodiments, the miRNA binding site includes a 

sequence that has complete complementarity with a miRNA sequence. In some embodiments, 15 

a miRNA binding site has complete complementarity with a miRNA sequence but for 1, 2, or 

3 nucleotide substitutions, terminal additions, and/or truncations.  

In some embodiments, the miRNA binding site is the same length as the 

corresponding miRNA. In other embodiments, the miRNA binding site is one, two, three, 

four, five, six, seven, eight, nine, ten, eleven or twelve nucleotide(s) shorter than the 20 

corresponding miRNA at the 5' terminus, the 3' terminus, or both. In still other embodiments, 

the microRNA binding site is two nucleotides shorter than the corresponding microRNA at 

the 5' terminus, the 3' terminus, or both. The miRNA binding sites that are shorter than the 

corresponding miRNAs are still capable of degrading the mRNA incorporating one or more 

of the miRNA binding sites or preventing the mRNA from translation. 25 

In some embodiments, the miRNA binding site binds the corresponding mature 

miRNA that is part of an active RISC containing Dicer. In another embodiment, binding of 

the miRNA binding site to the corresponding miRNA in RISC degrades the mRNA 

containing the miRNA binding site or prevents the mRNA from being translated. In some 

embodiments, the miRNA binding site has sufficient complementarity to miRNA so that a 30 

RISC complex comprising the miRNA cleaves the polynucleotide comprising the miRNA 

binding site. In other embodiments, the miRNA binding site has imperfect complementarity 

so that a RISC complex comprising the miRNA induces instability in the polynucleotide 

comprising the miRNA binding site. In another embodiment, the miRNA binding site has 
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imperfect complementarity so that a RISC complex comprising the miRNA represses 

transcription of the polynucleotide comprising the miRNA binding site.  

In some embodiments, the miRNA binding site has one, two, three, four, five, six, 

seven, eight, nine, ten, eleven or twelve mismatch(es) from the corresponding miRNA.  

In some embodiments, the miRNA binding site has at least about ten, at least about 5 

eleven, at least about twelve, at least about thirteen, at least about fourteen, at least about 

fifteen, at least about sixteen, at least about seventeen, at least about eighteen, at least about 

nineteen, at least about twenty, or at least about twenty-one contiguous nucleotides 

complementary to at least about ten, at least about eleven, at least about twelve, at least about 

thirteen, at least about fourteen, at least about fifteen, at least about sixteen, at least about 10 

seventeen, at least about eighteen, at least about nineteen, at least about twenty, or at least 

about twenty-one, respectively, contiguous nucleotides of the corresponding miRNA. 

By engineering one or more miRNA binding sites into a polynucleotide of the 

disclosure, the polynucleotide can be targeted for degradation or reduced translation, 

provided the miRNA in question is available. This can reduce off-target effects upon delivery 15 

of the polynucleotide. For example, if a polynucleotide of the disclosure is not intended to be 

delivered to a tissue or cell but ends up is said tissue or cell, then a miRNA abundant in the 

tissue or cell can inhibit the expression of the gene of interest if one or multiple binding sites 

of the miRNA are engineered into the 5′UTR and/or 3′UTR of the polynucleotide.  

Conversely, miRNA binding sites can be removed from polynucleotide sequences in 20 

which they naturally occur in order to increase protein expression in specific tissues. For 

example, a binding site for a specific miRNA can be removed from a polynucleotide to 

improve protein expression in tissues or cells containing the miRNA. 

In one embodiment, a polynucleotide of the disclosure can include at least one 

miRNA-binding site in the 5'UTR and/or 3′UTR in order to regulate cytotoxic or 25 

cytoprotective mRNA therapeutics to specific cells such as, but not limited to, normal and/or 

cancerous cells. In another embodiment, a polynucleotide of the disclosure can include two, 

three, four, five, six, seven, eight, nine, ten, or more miRNA-binding sites in the 5'-UTR 

and/or 3′-UTR in order to regulate cytotoxic or cytoprotective mRNA therapeutics to specific 

cells such as, but not limited to, normal and/or cancerous cells. 30 

Regulation of expression in multiple tissues can be accomplished through introduction 

or removal of one or more miRNA binding sites, e.g., one or more distinct miRNA binding 

sites. The decision whether to remove or insert a miRNA binding site can be made based on 

miRNA expression patterns and/or their profilings in tissues and/or cells in development 
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and/or disease. Identification of miRNAs, miRNA binding sites, and their expression patterns 

and role in biology have been reported (e.g., Bonauer et al., Curr Drug Targets 2010 11:943-

949; Anand and Cheresh Curr Opin Hematol 2011 18:171-176; Contreras and Rao Leukemia 

2012 26:404-413 (2011 Dec 20. doi: 10.1038/leu.2011.356); Bartel Cell 2009 136:215-233; 

Landgraf et al, Cell, 2007 129:1401-1414; Gentner and Naldini, Tissue Antigens. 2012 5 

80:393-403 and all references therein; each of which is incorporated herein by reference in its 

entirety).  

miRNAs and miRNA binding sites can correspond to any known sequence, including 

non-limiting examples described in U.S. Publication Nos. 2014/0200261, 2005/0261218, and 

2005/0059005, each of which are incorporated herein by reference in their entirety. 10 

Examples of tissues where miRNA are known to regulate mRNA, and thereby protein 

expression, include, but are not limited to, liver (miR-122), muscle (miR-133, miR-206, miR-

208), endothelial cells (miR-17-92, miR-126), myeloid cells (miR-142-3p, miR-142-5p, miR-

16, miR-21, miR-223, miR-24, miR-27), adipose tissue (let-7, miR-30c), heart (miR-1d, miR-

149), kidney (miR-192, miR-194, miR-204), and lung epithelial cells (let-7, miR-133, miR-15 

126). 

Specifically, miRNAs are known to be differentially expressed in immune cells (also 

called hematopoietic cells), such as antigen presenting cells (APCs) (e.g., dendritic cells and 

macrophages), macrophages, monocytes, B lymphocytes, T lymphocytes, granulocytes, 

natural killer cells, etc. Immune cell specific miRNAs are involved in immunogenicity, 20 

autoimmunity, the immune response to infection, inflammation, as well as unwanted immune 

response after gene therapy and tissue/organ transplantation. Immune cell specific miRNAs 

also regulate many aspects of development, proliferation, differentiation and apoptosis of 

hematopoietic cells (immune cells). For example, miR-142 and miR-146 are exclusively 

expressed in immune cells, particularly abundant in myeloid dendritic cells. It has been 25 

demonstrated that the immune response to a polynucleotide can be shut-off by adding miR-

142 binding sites to the 3′-UTR of the polynucleotide, enabling more stable gene transfer in 

tissues and cells. miR-142 efficiently degrades exogenous polynucleotides in antigen 

presenting cells and suppresses cytotoxic elimination of transduced cells (e.g., Annoni A et 

al., blood, 2009, 114, 5152-5161; Brown BD, et al., Nat med. 2006, 12(5), 585-591; Brown 30 

BD, et al., blood, 2007, 110(13): 4144-4152, each of which is incorporated herein by 

reference in its entirety). 

An antigen-mediated immune response can refer to an immune response triggered by 

foreign antigens, which, when entering an organism, are processed by the antigen presenting 
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cells and displayed on the surface of the antigen presenting cells. T cells can recognize the 

presented antigen and induce a cytotoxic elimination of cells that express the antigen. 

Introducing a miR-142 binding site into the 5'UTR and/or 3′UTR of a polynucleotide 

of the disclosure can selectively repress gene expression in antigen presenting cells through 

miR-142 mediated degradation, limiting antigen presentation in antigen presenting cells (e.g., 5 

dendritic cells) and thereby preventing antigen-mediated immune response after the delivery 

of the polynucleotide. The polynucleotide is then stably expressed in target tissues or cells 

without triggering cytotoxic elimination. 

In one embodiment, binding sites for miRNAs that are known to be expressed in 

immune cells, in particular, antigen presenting cells, can be engineered into a polynucleotide 10 

of the disclosure to suppress the expression of the polynucleotide in antigen presenting cells 

through miRNA mediated RNA degradation, subduing the antigen-mediated immune 

response. Expression of the polynucleotide is maintained in non-immune cells where the 

immune cell specific miRNAs are not expressed. For example, in some embodiments, to 

prevent an immunogenic reaction against a liver specific protein, any miR-122 binding site 15 

can be removed and a miR-142 (and/or mirR-146) binding site can be engineered into the 

5'UTR and/or 3'UTR of a polynucleotide of the disclosure. 

To further drive the selective degradation and suppression in APCs and macrophage, 

a polynucleotide of the disclosure can include a further negative regulatory element in the 

5'UTR and/or 3'UTR, either alone or in combination with miR-142 and/or miR-146 binding 20 

sites. As a non-limiting example, the further negative regulatory element is a Constitutive 

Decay Element (CDE). 

Immune cell specific miRNAs include, but are not limited to, hsa-let-7a-2-3p, hsa-let-

7a-3p, hsa-7a-5p, hsa-let-7c, hsa-let-7e-3p, hsa-let-7e-5p, hsa-let-7g-3p, hsa-let-7g-5p, hsa-

let-7i-3p, hsa-let-7i-5p, miR-10a-3p, miR-10a-5p, miR-1184, hsa-let-7f-1--3p, hsa-let-7f-2--25 

5p, hsa-let-7f-5p, miR-125b-1-3p, miR-125b-2-3p, miR-125b-5p, miR-1279, miR-130a-3p, 

miR-130a-5p, miR-132-3p, miR-132-5p, miR-142-3p, miR-142-5p, miR-143-3p, miR-143-

5p, miR-146a-3p, miR-146a-5p, miR-146b-3p, miR-146b-5p, miR-147a, miR-147b, miR-

148a-5p, miR-148a-3p, miR-150-3p, miR-150-5p, miR-151b, miR-155-3p, miR-155-5p, 

miR-15a-3p, miR-15a-5p, miR-15b-5p, miR-15b-3p, miR-16-1-3p, miR-16-2-3p, miR-16-5p, 30 

miR-17-5p, miR-181a-3p, miR-181a-5p, miR-181a-2-3p, miR-182-3p, miR-182-5p, miR-

197-3p, miR-197-5p, miR-21-5p, miR-21-3p, miR-214-3p, miR-214-5p, miR-223-3p, miR-

223-5p, miR-221-3p, miR-221-5p, miR-23b-3p, miR-23b-5p, miR-24-1-5p,miR-24-2-5p, 

miR-24-3p, miR-26a-1-3p, miR-26a-2-3p, miR-26a-5p, miR-26b-3p, miR-26b-5p, miR-27a-
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3p, miR-27a-5p, miR-27b-3p,miR-27b-5p, miR-28-3p, miR-28-5p, miR-2909, miR-29a-3p, 

miR-29a-5p, miR-29b-1-5p, miR-29b-2-5p, miR-29c-3p, miR-29c-5p,, miR-30e-3p, miR-

30e-5p, miR-331-5p, miR-339-3p, miR-339-5p, miR-345-3p, miR-345-5p, miR-346, miR-

34a-3p, miR-34a-5p, , miR-363-3p, miR-363-5p, miR-372, miR-377-3p, miR-377-5p, miR-

493-3p, miR-493-5p, miR-542, miR-548b-5p, miR548c-5p, miR-548i, miR-548j, miR-548n, 5 

miR-574-3p, miR-598, miR-718, miR-935, miR-99a-3p, miR-99a-5p, miR-99b-3p, and miR-

99b-5p. Furthermore, novel miRNAs can be identified in immune cell through micro-array 

hybridization and microtome analysis (e.g., Jima DD et al, Blood, 2010, 116:e118-e127; Vaz 

C et al., BMC Genomics, 2010, 11,288, the content of each of which is incorporated herein 

by reference in its entirety.) 10 

miRNAs that are known to be expressed in the liver include, but are not limited to, 

miR-107, miR-122-3p, miR-122-5p, miR-1228-3p, miR-1228-5p, miR-1249, miR-129-5p, 

miR-1303, miR-151a-3p, miR-151a-5p, miR-152, miR-194-3p, miR-194-5p, miR-199a-3p, 

miR-199a-5p, miR-199b-3p, miR-199b-5p, miR-296-5p, miR-557, miR-581, miR-939-3p, 

and miR-939-5p. miRNA binding sites from any liver specific miRNA can be introduced to 15 

or removed from a polynucleotide of the disclosure to regulate expression of the 

polynucleotide in the liver. Liver specific miRNA binding sites can be engineered alone or 

further in combination with immune cell (e.g., APC) miRNA binding sites in a 

polynucleotide of the disclosure. 

miRNAs that are known to be expressed in the lung include, but are not limited to, let-20 

7a-2-3p, let-7a-3p, let-7a-5p, miR-126-3p, miR-126-5p, miR-127-3p, miR-127-5p, miR-

130a-3p, miR-130a-5p, miR-130b-3p, miR-130b-5p, miR-133a, miR-133b, miR-134, miR-

18a-3p, miR-18a-5p, miR-18b-3p, miR-18b-5p, miR-24-1-5p, miR-24-2-5p, miR-24-3p, 

miR-296-3p, miR-296-5p, miR-32-3p, miR-337-3p, miR-337-5p, miR-381-3p, and miR-381-

5p. miRNA binding sites from any lung specific miRNA can be introduced to or removed 25 

from a polynucleotide of the disclosure to regulate expression of the polynucleotide in the 

lung. Lung specific miRNA binding sites can be engineered alone or further in combination 

with immune cell (e.g., APC) miRNA binding sites in a polynucleotide of the disclosure. 

miRNAs that are known to be expressed in the heart include, but are not limited to, 

miR-1, miR-133a, miR-133b, miR-149-3p, miR-149-5p, miR-186-3p, miR-186-5p, miR-30 

208a, miR-208b, miR-210, miR-296-3p, miR-320, miR-451a, miR-451b, miR-499a-3p, miR-

499a-5p, miR-499b-3p, miR-499b-5p, miR-744-3p, miR-744-5p, miR-92b-3p, and miR-92b-

5p. miRNA binding sites from any heart specific microRNA can be introduced to or removed 

from a polynucleotide of the disclosure to regulate expression of the polynucleotide in the 
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heart. Heart specific miRNA binding sites can be engineered alone or further in combination 

with immune cell (e.g., APC) miRNA binding sites in a polynucleotide of the disclosure. 

miRNAs that are known to be expressed in the nervous system include, but are not 

limited to, miR-124-5p, miR-125a-3p, miR-125a-5p, miR-125b-1-3p, miR-125b-2-3p, miR-

125b-5p,miR-1271-3p, miR-1271-5p, miR-128, miR-132-5p, miR-135a-3p, miR-135a-5p, 5 

miR-135b-3p, miR-135b-5p, miR-137, miR-139-5p, miR-139-3p, miR-149-3p, miR-149-5p, 

miR-153, miR-181c-3p, miR-181c-5p, miR-183-3p, miR-183-5p, miR-190a, miR-190b, miR-

212-3p, miR-212-5p, miR-219-1-3p, miR-219-2-3p, miR-23a-3p, miR-23a-5p,miR-30a-5p, 

miR-30b-3p, miR-30b-5p, miR-30c-1-3p, miR-30c-2-3p, miR-30c-5p, miR-30d-3p, miR-

30d-5p, miR-329, miR-342-3p, miR-3665, miR-3666, miR-380-3p, miR-380-5p, miR-383, 10 

miR-410, miR-425-3p, miR-425-5p, miR-454-3p, miR-454-5p, miR-483, miR-510, miR-

516a-3p, miR-548b-5p, miR-548c-5p, miR-571, miR-7-1-3p, miR-7-2-3p, miR-7-5p, miR-

802, miR-922, miR-9-3p, and miR-9-5p. miRNAs enriched in the nervous system further 

include those specifically expressed in neurons, including, but not limited to, miR-132-3p, 

miR-132-3p, miR-148b-3p, miR-148b-5p, miR-151a-3p, miR-151a-5p, miR-212-3p, miR-15 

212-5p, miR-320b, miR-320e, miR-323a-3p, miR-323a-5p, miR-324-5p, miR-325, miR-326, 

miR-328, miR-922 and those specifically expressed in glial cells, including, but not limited 

to, miR-1250, miR-219-1-3p, miR-219-2-3p, miR-219-5p, miR-23a-3p, miR-23a-5p, miR-

3065-3p, miR-3065-5p, miR-30e-3p, miR-30e-5p, miR-32-5p, miR-338-5p, and miR-657. 

miRNA binding sites from any CNS specific miRNA can be introduced to or removed from a 20 

polynucleotide of the disclosure to regulate expression of the polynucleotide in the nervous 

system. Nervous system specific miRNA binding sites can be engineered alone or further in 

combination with immune cell (e.g., APC) miRNA binding sites in a polynucleotide of the 

disclosure. 

miRNAs that are known to be expressed in the pancreas include, but are not limited 25 

to, miR-105-3p, miR-105-5p, miR-184, miR-195-3p, miR-195-5p, miR-196a-3p, miR-196a-

5p, miR-214-3p, miR-214-5p, miR-216a-3p, miR-216a-5p, miR-30a-3p, miR-33a-3p, miR-

33a-5p, miR-375, miR-7-1-3p, miR-7-2-3p, miR-493-3p, miR-493-5p, and miR-944. miRNA 

binding sites from any pancreas specific miRNA can be introduced to or removed from a 

polynucleotide of the disclosure to regulate expression of the polynucleotide in the pancreas. 30 

Pancreas specific miRNA binding sites can be engineered alone or further in combination 

with immune cell (e.g. APC) miRNA binding sites in a polynucleotide of the disclosure. 

miRNAs that are known to be expressed in the kidney include, but are not limited to, 

miR-122-3p, miR-145-5p, miR-17-5p, miR-192-3p, miR-192-5p, miR-194-3p, miR-194-5p, 
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miR-20a-3p, miR-20a-5p, miR-204-3p, miR-204-5p, miR-210, miR-216a-3p, miR-216a-5p, 

miR-296-3p, miR-30a-3p, miR-30a-5p, miR-30b-3p, miR-30b-5p, miR-30c-1-3p, miR-30c-

2-3p, miR30c-5p, miR-324-3p, miR-335-3p, miR-335-5p, miR-363-3p, miR-363-5p, and 

miR-562. miRNA binding sites from any kidney specific miRNA can be introduced to or 

removed from a polynucleotide of the disclosure to regulate expression of the polynucleotide 5 

in the kidney. Kidney specific miRNA binding sites can be engineered alone or further in 

combination with immune cell (e.g., APC) miRNA binding sites in a polynucleotide of the 

disclosure. 

miRNAs that are known to be expressed in the muscle include, but are not limited to, 

let-7g-3p, let-7g-5p, miR-1, miR-1286, miR-133a, miR-133b, miR-140-3p, miR-143-3p, 10 

miR-143-5p, miR-145-3p, miR-145-5p, miR-188-3p, miR-188-5p, miR-206, miR-208a, miR-

208b, miR-25-3p, and miR-25-5p. miRNA binding sites from any muscle specific miRNA 

can be introduced to or removed from a polynucleotide of the disclosure to regulate 

expression of the polynucleotide in the muscle. Muscle specific miRNA binding sites can be 

engineered alone or further in combination with immune cell (e.g., APC) miRNA binding 15 

sites in a polynucleotide of the disclosure. 

miRNAs are also differentially expressed in different types of cells, such as, but not 

limited to, endothelial cells, epithelial cells, and adipocytes.  

miRNAs that are known to be expressed in endothelial cells include, but are not 

limited to, let-7b-3p, let-7b-5p, miR-100-3p, miR-100-5p, miR-101-3p, miR-101-5p, miR-20 

126-3p, miR-126-5p, miR-1236-3p, miR-1236-5p, miR-130a-3p, miR-130a-5p, miR-17-5p, 

miR-17-3p, miR-18a-3p, miR-18a-5p, miR-19a-3p, miR-19a-5p, miR-19b-1-5p, miR-19b-2-

5p, miR-19b-3p, miR-20a-3p, miR-20a-5p, miR-217, miR-210, miR-21-3p, miR-21-5p, miR-

221-3p, miR-221-5p, miR-222-3p, miR-222-5p, miR-23a-3p, miR-23a-5p, miR-296-5p, miR-

361-3p, miR-361-5p, miR-421, miR-424-3p, miR-424-5p, miR-513a-5p, miR-92a-1-5p, miR-25 

92a-2-5p, miR-92a-3p, miR-92b-3p, and miR-92b-5p. Many novel miRNAs are discovered in 

endothelial cells from deep-sequencing analysis (e.g., Voellenkle C et al., RNA, 2012, 18, 

472-484, incorporated herein by reference in its entirety). miRNA binding sites from any 

endothelial cell specific miRNA can be introduced to or removed from a polynucleotide of 

the disclosure to regulate expression of the polynucleotide in the endothelial cells. 30 

miRNAs that are known to be expressed in epithelial cells include, but are not limited 

to, let-7b-3p, let-7b-5p, miR-1246, miR-200a-3p, miR-200a-5p, miR-200b-3p, miR-200b-5p, 

miR-200c-3p, miR-200c-5p, miR-338-3p, miR-429, miR-451a, miR-451b, miR-494, miR-

802 and miR-34a, miR-34b-5p, miR-34c-5p, miR-449a, miR-449b-3p, miR-449b-5p specific 
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in respiratory ciliated epithelial cells, let-7 family, miR-133a, miR-133b, miR-126 specific in 

lung epithelial cells, miR-382-3p, miR-382-5p specific in renal epithelial cells, and miR-762 

specific in corneal epithelial cells. miRNA binding sites from any epithelial cell specific 

miRNA can be introduced to or removed from a polynucleotide of the disclosure to regulate 

expression of the polynucleotide in the epithelial cells. 5 

In addition, a large group of miRNAs are enriched in embryonic stem cells, 

controlling stem cell self-renewal as well as the development and/or differentiation of various 

cell lineages, such as neural cells, cardiac, hematopoietic cells, skin cells, osteogenic cells 

and muscle cells (e.g., Kuppusamy KT et al., Curr. Mol Med, 2013, 13(5), 757-764; Vidigal 

JA and Ventura A, Semin Cancer Biol. 2012, 22(5-6), 428-436; Goff LA et al., PLoS One, 10 

2009, 4:e7192; Morin RD et al., Genome Res,2008,18, 610-621; Yoo JK et al., Stem Cells 

Dev. 2012, 21(11), 2049-2057, each of which is incorporated herein by reference in its 

entirety). miRNAs abundant in embryonic stem cells include, but are not limited to, let-7a-2-

3p, let-a-3p, let-7a-5p, let7d-3p, let-7d-5p, miR-103a-2-3p, miR-103a-5p, miR-106b-3p, 

miR-106b-5p, miR-1246, miR-1275, miR-138-1-3p, miR-138-2-3p, miR-138-5p, miR-154-15 

3p, miR-154-5p, miR-200c-3p, miR-200c-5p, miR-290, miR-301a-3p, miR-301a-5p, miR-

302a-3p, miR-302a-5p, miR-302b-3p, miR-302b-5p, miR-302c-3p, miR-302c-5p, miR-302d-

3p, miR-302d-5p, miR-302e, miR-367-3p, miR-367-5p, miR-369-3p, miR-369-5p, miR-370, 

miR-371, miR-373, miR-380-5p, miR-423-3p, miR-423-5p, miR-486-5p, miR-520c-3p, miR-

548e, miR-548f, miR-548g-3p, miR-548g-5p, miR-548i, miR-548k, miR-548l, miR-548m, 20 

miR-548n, miR-548o-3p, miR-548o-5p, miR-548p, miR-664a-3p, miR-664a-5p, miR-664b-

3p, miR-664b-5p, miR-766-3p, miR-766-5p, miR-885-3p, miR-885-5p,miR-93-3p, miR-93-

5p, miR-941,miR-96-3p, miR-96-5p, miR-99b-3p and miR-99b-5p. Many predicted novel 

miRNAs are discovered by deep sequencing in human embryonic stem cells (e.g., Morin RD 

et al., Genome Res,2008,18, 610-621; Goff LA et al., PLoS One, 2009, 4:e7192; Bar M et al., 25 

Stem cells, 2008, 26, 2496-2505, the content of each of which is incorporated herein by 

reference in its entirety). 

In one embodiment, the binding sites of embryonic stem cell specific miRNAs can be 

included in or removed from the 3'UTR of a polynucleotide of the disclosure to modulate the 

development and/or differentiation of embryonic stem cells, to inhibit the senescence of stem 30 

cells in a degenerative condition (e.g. degenerative diseases), or to stimulate the senescence 

and apoptosis of stem cells in a disease condition (e.g. cancer stem cells). 

Many miRNA expression studies are conducted to profile the differential expression 

of miRNAs in various cancer cells/tissues and other diseases. Some miRNAs are abnormally 
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over-expressed in certain cancer cells and others are under-expressed. For example, miRNAs 

are differentially expressed in cancer cells (WO2008/154098, US2013/0059015, 

US2013/0042333, WO2011/157294); cancer stem cells (US2012/0053224); pancreatic 

cancers and diseases (US2009/0131348, US2011/0171646, US2010/0286232, US8389210); 

asthma and inflammation (US8415096); prostate cancer (US2013/0053264); hepatocellular 5 

carcinoma (WO2012/151212, US2012/0329672, WO2008/054828, US8252538); lung cancer 

cells (WO2011/076143, WO2013/033640, WO2009/070653, US2010/0323357); cutaneous T 

cell lymphoma (WO2013/011378); colorectal cancer cells (WO2011/0281756, 

WO2011/076142); cancer positive lymph nodes (WO2009/100430, US2009/0263803); 

nasopharyngeal carcinoma (EP2112235); chronic obstructive pulmonary disease 10 

(US2012/0264626, US2013/0053263); thyroid cancer (WO2013/066678); ovarian cancer 

cells ( US2012/0309645, WO2011/095623); breast cancer cells (WO2008/154098, 

WO2007/081740, US2012/0214699), leukemia and lymphoma (WO2008/073915, 

US2009/0092974, US2012/0316081, US2012/0283310, WO2010/018563), the content of 

each of which is incorporated herein by reference in its entirety. 15 

As a non-limiting example, miRNA binding sites for miRNAs that are over-expressed 

in certain cancer and/or tumor cells can be removed from the 3'UTR of a polynucleotide of 

the disclosure, restoring the expression suppressed by the over-expressed miRNAs in cancer 

cells, thus ameliorating the corresponsive biological function, for instance, transcription 

stimulation and/or repression, cell cycle arrest, apoptosis and cell death. Normal cells and 20 

tissues, wherein miRNAs expression is not up-regulated, will remain unaffected. 

miRNA can also regulate complex biological processes such as angiogenesis (e.g., 

miR-132) (Anand and Cheresh Curr Opin Hematol 2011 18:171-176). In the polynucleotides 

of the disclosure, miRNA binding sites that are involved in such processes can be removed or 

introduced, in order to tailor the expression of the polynucleotides to biologically relevant 25 

cell types or relevant biological processes. In this context, the polynucleotides of the 

disclosure are defined as auxotrophic polynucleotides. 

In some embodiments, the therapeutic window and/or differential expression (e.g., 

tissue-specific expression) of a polypeptide of the disclosure may be altered by incorporation 

of a miRNA binding site into an mRNA encoding the polypeptide.  In one example, an 30 

mRNA may include one or more miRNA binding sites that are bound by miRNAs that have 

higher expression in one tissue type as compared to another.  In another example, an mRNA 

may include one or more miRNA binding sites that are bound by miRNAs that have lower 

expression in a cancer cell as compared to a non-cancerous cell of the same tissue of origin.  
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When present in a cancer cell that expresses low levels of such an miRNA, the polypeptide 

encoded by the mRNA typically will show increased expression.  

Liver cancer cells (e.g., hepatocellular carcinoma cells) typically express low levels of 

miR-122 as compared to normal liver cells.  Therefore, an mRNA encoding a polypeptide 

that includes at least one miR-122 binding site (e.g., in the 3’-UTR of the mRNA) will 5 

typically express comparatively low levels of the polypeptide in normal liver cells and 

comparatively high levels of the polypeptide in liver cancer cells.   

In some embodiments, the mRNA includes at least one miR-122 binding site, at least 

two miR-122 binding sites, at least three miR-122 binding sites, at least four miR-122 

binding sites, or at least five miR-122 binding sites. In one aspect, the miRNA binding site 10 

binds miR-122 or is complementary to miR-122. In another aspect, the miRNA binding site 

binds to miR-122-3p or miR-122-5p. In a particular aspect, the miRNA binding site 

comprises a nucleotide sequence at least 80%, at least 85%, at least 90%, at least 95%, or 

100% identical to SEQ ID NO: 175, wherein the miRNA binding site binds to miR-122. In 

another particular aspect, the miRNA binding site comprises a nucleotide sequence at least 15 

80%, at least 85%, at least 90%, at least 95%, or 100% identical to SEQ ID NO: 173, wherein 

the miRNA binding site binds to miR-122. These sequences are shown below in Table 3. 

In some embodiments, a polynucleotide of the disclosure comprises a miRNA binding 

site, wherein the miRNA binding site comprises one or more nucleotide sequences selected 

from Table 3, including one or more copies of any one or more of the miRNA binding site 20 

sequences. In some embodiments, a polynucleotide of the disclosure further comprises at 

least one, two, three, four, five, six, seven, eight, nine, ten, or more of the same or different 

miRNA binding sites selected from Table 3, including any combination thereof. In some 

embodiments, the miRNA binding site binds to miR-142 or is complementary to miR-142. In 

some embodiments, the miR-142 comprises SEQ ID NO: 27.  In some embodiments, the 25 

miRNA binding site binds to miR-142-3p or miR-142-5p. In some embodiments, the miR-

142-3p binding site comprises SEQ ID NO: 29. In some embodiments, the miR-142-5p 

binding site comprises SEQ ID NO: 31. In some embodiments, the miRNA binding site 

comprises a nucleotide sequence at least 80%, at least 85%, at least 90%, at least 95%, or 

100% identical to SEQ ID NO: 29 or SEQ ID NO: 31 30 

. 

Table 3. Representative microRNAs and microRNA binding sites  

SEQ ID 

NO. 
Description 

Sequence 
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27 miR-142 
GACAGUGCAGUCACCCAUAAAGUAGAAAGCAC
UACUAACAGCACUGGAGGGUGUAGUGUUUCC
UACUUUAUGGAUGAGUGUACUGUG 

28 miR-142-3p 
UGUAGUGUUUCCUACUUUAUGGA 

29 miR-142-3p 
binding site 

UCCAUAAAGUAGGAAACACUACA 

30 miR-142-5p 
CAUAAAGUAGAAAGCACUACU 

31 miR-142-5p 
binding site 

AGUAGUGCUUUCUACUUUAUG 

171 miR-122 
CCUUAGCAGAGCUGUGGAGUGUGACAAUGGU
GUUUGUGUCUAAACUAUCAAACGCCAUUAUCA
CACUAAAUAGCUACUGCUAGGC 

172 miR-122-3p AACGCCAUUAUCACACUAAAUA 

173 
miR-122-3p 
binding site 

UAUUUAGUGUGAUAAUGGCGUU 

174 miR-122-5p UGGAGUGUGACAAUGGUGUUUG 

175 
miR-122-5p 
binding site 

CAAACACCAUUGUCACACUCCA 

 

In some embodiments, a miRNA binding site is inserted in the polynucleotide of the 

disclosure in any position of the polynucleotide (e.g., the 5'UTR and/or 3'UTR). In some 

embodiments, the 5'UTR comprises a miRNA binding site. In some embodiments, the 3'UTR 

comprises a miRNA binding site. In some embodiments, the 5'UTR and the 3'UTR comprise 5 

a miRNA binding site. The insertion site in the polynucleotide can be anywhere in the 

polynucleotide as long as the insertion of the miRNA binding site in the polynucleotide does 

not interfere with the translation of a functional polypeptide in the absence of the 

corresponding miRNA; and in the presence of the miRNA, the insertion of the miRNA 

binding site in the polynucleotide and the binding of the miRNA binding site to the 10 

corresponding miRNA are capable of degrading the polynucleotide or preventing the 

translation of the polynucleotide.  

In some embodiments, a miRNA binding site is inserted in at least about 30 

nucleotides downstream from the stop codon of an ORF in a polynucleotide of the disclosure 

comprising the ORF. In some embodiments, a miRNA binding site is inserted in at least 15 

about 10 nucleotides, at least about 15 nucleotides, at least about 20 nucleotides, at least 

about 25 nucleotides, at least about 30 nucleotides, at least about 35 nucleotides, at least 

about 40 nucleotides, at least about 45 nucleotides, at least about 50 nucleotides, at least 
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about 55 nucleotides, at least about 60 nucleotides, at least about 65 nucleotides, at least 

about 70 nucleotides, at least about 75 nucleotides, at least about 80 nucleotides, at least 

about 85 nucleotides, at least about 90 nucleotides, at least about 95 nucleotides, or at least 

about 100 nucleotides downstream from the stop codon of an ORF in a polynucleotide of the 

disclosure. In some embodiments, a miRNA binding site is inserted in about 10 nucleotides to 5 

about 100 nucleotides, about 20 nucleotides to about 90 nucleotides, about 30 nucleotides to 

about 80 nucleotides, about 40 nucleotides to about 70 nucleotides, about 50 nucleotides to 

about 60 nucleotides, about 45 nucleotides to about 65 nucleotides downstream from the stop 

codon of an ORF in a polynucleotide of the disclosure. 

miRNA gene regulation can be influenced by the sequence surrounding the miRNA 10 

such as, but not limited to, the species of the surrounding sequence, the type of sequence 

(e.g., heterologous, homologous, exogenous, endogenous, or artificial), regulatory elements 

in the surrounding sequence and/or structural elements in the surrounding sequence. The 

miRNA can be influenced by the 5′UTR and/or 3′UTR. As a non-limiting example, a non-

human 3′UTR can increase the regulatory effect of the miRNA sequence on the expression of 15 

a polypeptide of interest compared to a human 3′UTR of the same sequence type. 

In one embodiment, other regulatory elements and/or structural elements of the 

5′UTR can influence miRNA mediated gene regulation. One example of a regulatory element 

and/or structural element is a structured IRES (Internal Ribosome Entry Site) in the 5′UTR, 

which is necessary for the binding of translational elongation factors to initiate protein 20 

translation. EIF4A2 binding to this secondarily structured element in the 5′-UTR is necessary 

for miRNA mediated gene expression (Meijer HA et al., Science, 2013, 340, 82-85, 

incorporated herein by reference in its entirety). The polynucleotides of the disclosure can 

further include this structured 5′UTR in order to enhance microRNA mediated gene 

regulation. 25 

At least one miRNA binding site can be engineered into the 3′UTR of a 

polynucleotide of the disclosure. In this context, at least two, at least three, at least four, at 

least five, at least six, at least seven, at least eight, at least nine, at least ten, or more miRNA 

binding sites can be engineered into a 3′UTR of a polynucleotide of the disclosure. For 

example, 1 to 10, 1 to 9, 1 to 8, 1 to 7, 1 to 6, 1 to 5, 1 to 4, 1 to 3, 2, or 1 miRNA binding 30 

sites can be engineered into the 3′UTR of a polynucleotide of the disclosure. In one 

embodiment, miRNA binding sites incorporated into a polynucleotide of the disclosure can 

be the same or can be different miRNA sites. A combination of different miRNA binding 

sites incorporated into a polynucleotide of the disclosure can include combinations in which 
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more than one copy of any of the different miRNA sites are incorporated. In another 

embodiment, miRNA binding sites incorporated into a polynucleotide of the disclosure can 

target the same or different tissues in the body. As a non-limiting example, through the 

introduction of tissue-, cell-type-, or disease-specific miRNA binding sites in the 3′-UTR of a 

polynucleotide of the disclosure, the degree of expression in specific cell types (e.g., 5 

hepatocytes, myeloid cells, endothelial cells, cancer cells, etc.) can be reduced. 

In one embodiment, a miRNA binding site can be engineered near the 5′ terminus of 

the 3′UTR, about halfway between the 5′ terminus and 3′ terminus of the 3′UTR and/or near 

the 3′ terminus of the 3′UTR in a polynucleotide of the disclosure. As a non-limiting 

example, a miRNA binding site can be engineered near the 5′ terminus of the 3′UTR and 10 

about halfway between the 5′ terminus and 3′ terminus of the 3′UTR. As another non-limiting 

example, a miRNA binding site can be engineered near the 3′ terminus of the 3′UTR and 

about halfway between the 5′ terminus and 3′ terminus of the 3′UTR. As yet another non-

limiting example, a miRNA binding site can be engineered near the 5′ terminus of the 3′UTR 

and near the 3′ terminus of the 3′UTR. 15 

In another embodiment, a 3′UTR can comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 miRNA 

binding sites. The miRNA binding sites can be complementary to a miRNA, miRNA seed 

sequence, and/or miRNA sequences flanking the seed sequence. 

In one embodiment, a polynucleotide of the disclosure can be engineered to include 

more than one miRNA site expressed in different tissues or different cell types of a subject. 20 

As a non-limiting example, a polynucleotide of the disclosure can be engineered to include 

miR-192 and miR-122 to regulate expression of the polynucleotide in the liver and kidneys of 

a subject. In another embodiment, a polynucleotide of the disclosure can be engineered to 

include more than one miRNA site for the same tissue.  

In some embodiments, the therapeutic window and or differential expression 25 

associated with the polypeptide encoded by a polynucleotide of the disclosure can be altered 

with a miRNA binding site. For example, a polynucleotide encoding a polypeptide that 

provides a death signal can be designed to be more highly expressed in cancer cells by virtue 

of the miRNA signature of those cells. Where a cancer cell expresses a lower level of a 

particular miRNA, the polynucleotide encoding the binding site for that miRNA (or 30 

miRNAs) would be more highly expressed. Hence, the polypeptide that provides a death 

signal triggers or induces cell death in the cancer cell. Neighboring noncancer cells, 

harboring a higher expression of the same miRNA would be less affected by the encoded 

death signal as the polynucleotide would be expressed at a lower level due to the effects of 
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the miRNA binding to the binding site or “sensor” encoded in the 3′UTR. Conversely, cell 

survival or cytoprotective signals can be delivered to tissues containing cancer and non-

cancerous cells where a miRNA has a higher expression in the cancer cells—the result being 

a lower survival signal to the cancer cell and a larger survival signal to the normal cell. 

Multiple polynucleotides can be designed and administered having different signals based on 5 

the use of miRNA binding sites as described herein. 

In some embodiments, the expression of a polynucleotide of the disclosure can be 

controlled by incorporating at least one sensor sequence in the polynucleotide and 

formulating the polynucleotide for administration. As a non-limiting example, a 

polynucleotide of the disclosure can be targeted to a tissue or cell by incorporating a miRNA 10 

binding site and formulating the polynucleotide in a lipid nanoparticle comprising a cationic 

lipid, including any of the lipids described herein. 

A polynucleotide of the disclosure can be engineered for more targeted expression in 

specific tissues, cell types, or biological conditions based on the expression patterns of 

miRNAs in the different tissues, cell types, or biological conditions. Through introduction of 15 

tissue-specific miRNA binding sites, a polynucleotide of the disclosure can be designed for 

optimal protein expression in a tissue or cell, or in the context of a biological condition. 

In some embodiments, a polynucleotide of the disclosure can be designed to 

incorporate miRNA binding sites that either have 100% identity to known miRNA seed 

sequences or have less than 100% identity to miRNA seed sequences. In some embodiments, 20 

a polynucleotide of the disclosure can be designed to incorporate miRNA binding sites that 

have at least: 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identity 

to known miRNA seed sequences. The miRNA seed sequence can be partially mutated to 

decrease miRNA binding affinity and as such result in reduced downmodulation of the 

polynucleotide. In essence, the degree of match or mis-match between the miRNA binding 25 

site and the miRNA seed can act as a rheostat to more finely tune the ability of the miRNA to 

modulate protein expression. In addition, mutation in the non-seed region of a miRNA 

binding site can also impact the ability of a miRNA to modulate protein expression. 

In one embodiment, a miRNA sequence can be incorporated into the loop of a stem 

loop. 30 

In another embodiment, a miRNA seed sequence can be incorporated in the loop of a 

stem loop and a miRNA binding site can be incorporated into the 5′ or 3′ stem of the stem 

loop. 
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In one embodiment, a translation enhancer element (TEE) can be incorporated on the 

5′end of the stem of a stem loop and a miRNA seed can be incorporated into the stem of the 

stem loop. In another embodiment, a TEE can be incorporated on the 5′ end of the stem of a 

stem loop, a miRNA seed can be incorporated into the stem of the stem loop and a miRNA 

binding site can be incorporated into the 3′ end of the stem or the sequence after the stem 5 

loop. The miRNA seed and the miRNA binding site can be for the same and/or different 

miRNA sequences. 

In one embodiment, the incorporation of a miRNA sequence and/or a TEE sequence 

changes the shape of the stem loop region which can increase and/or decrease translation. 

(see e.g, Kedde et al., "A Pumilio-induced RNA structure switch in p27-3′UTR controls miR-10 

221 and miR-22 accessibility." Nature Cell Biology. 2010, incorporated herein by reference 

in its entirety). 

In one embodiment, the 5′-UTR of a polynucleotide of the disclosure can comprise at 

least one miRNA sequence. The miRNA sequence can be, but is not limited to, a 19 or 22 

nucleotide sequence and/or a miRNA sequence without the seed. 15 

In one embodiment the miRNA sequence in the 5′UTR can be used to stabilize a 

polynucleotide of the disclosure described herein. 

In another embodiment, a miRNA sequence in the 5′UTR of a polynucleotide of the 

disclosure can be used to decrease the accessibility of the site of translation initiation such as, 

but not limited to a start codon. See, e.g., Matsuda et al., PLoS One. 2010 11(5):e15057; 20 

incorporated herein by reference in its entirety, which used antisense locked nucleic acid 

(LNA) oligonucleotides and exon-junction complexes (EJCs) around a start codon (-4 to +37 

where the A of the AUG codons is +1) in order to decrease the accessibility to the first start 

codon (AUG). Matsuda showed that altering the sequence around the start codon with an 

LNA or EJC affected the efficiency, length and structural stability of a polynucleotide. A 25 

polynucleotide of the disclosure can comprise a miRNA sequence, instead of the LNA or EJC 

sequence described by Matsuda et al, near the site of translation initiation in order to decrease 

the accessibility to the site of translation initiation. The site of translation initiation can be 

prior to, after or within the miRNA sequence. As a non-limiting example, the site of 

translation initiation can be located within a miRNA sequence such as a seed sequence or 30 

binding site. As another non-limiting example, the site of translation initiation can be located 

within a miR-122 sequence such as the seed sequence or the mir-122 binding site. 

In some embodiments, a polynucleotide of the disclosure can include at least one 

miRNA in order to dampen the antigen presentation by antigen presenting cells. The miRNA 
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can be the complete miRNA sequence, the miRNA seed sequence, the miRNA sequence 

without the seed, or a combination thereof. As a non-limiting example, a miRNA 

incorporated into a polynucleotide of the disclosure can be specific to the hematopoietic 

system. As another non-limiting example, a miRNA incorporated into a polynucleotide of the 

disclosure to dampen antigen presentation is miR-142-3p. 5 

In some embodiments, a polynucleotide of the disclosure can include at least one 

miRNA in order to dampen expression of the encoded polypeptide in a tissue or cell of 

interest. As a non-limiting example, a polynucleotide of the disclosure can include at least 

one miR-122 binding site in order to dampen expression of an encoded polypeptide of 

interest in the liver. As another non-limiting example a polynucleotide of the disclosure can 10 

include at least one miR-142-3p binding site, miR-142-3p seed sequence, miR-142-3p 

binding site without the seed, miR-142-5p binding site, miR-142-5p seed sequence, miR-142-

5p binding site without the seed, miR-146 binding site, miR-146 seed sequence and/or miR-

146 binding site without the seed sequence. 

In some embodiments, a polynucleotide of the disclosure can comprise at least one 15 

miRNA binding site in the 3′UTR in order to selectively degrade mRNA therapeutics in the 

immune cells to subdue unwanted immunogenic reactions caused by therapeutic delivery. As 

a non-limiting example, the miRNA binding site can make a polynucleotide of the disclosure 

more unstable in antigen presenting cells. Non-limiting examples of these miRNAs include 

mir-142-5p, mir-142-3p, mir-146a-5p, and mir-146-3p. 20 

In one embodiment, a polynucleotide of the disclosure comprises at least one 

miRNA sequence in a region of the polynucleotide that can interact with a RNA binding 

protein. 

In some embodiments, the polynucleotide of the disclosure (e.g., a RNA, e.g., a 

mRNA) comprising (i) a sequence-optimized nucleotide sequence (e.g., an ORF) and (ii) a 25 

miRNA binding site (e.g., a miRNA binding site that binds to miR-142).   

In some embodiments, the polynucleotide of the disclosure comprises a uracil-

modified sequence encoding a polypeptide disclosed herein and a miRNA binding site 

disclosed herein, e.g., a miRNA binding site that binds to miR-142 or miR-122. In some 

embodiments, the uracil-modified sequence encoding a polypeptide comprises at least one 30 

chemically modified nucleobase, e.g., 5-methoxyuracil. In some embodiments, at least 95% 

of a type of nucleobase (e.g., uracil) in a uracil-modified sequence encoding a polypeptide of 

the disclosure are modified nucleobases. In some embodiments, at least 95% of uricil in a 

uracil-modified sequence encoding a polypeptide is 5-methoxyuridine. In some 
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embodiments, the polynucleotide comprising a nucleotide sequence encoding a polypeptide 

disclosed herein and a miRNA binding site is formulated with a delivery agent, e.g., a 

compound having the Formula (I), e.g., any of Compounds 1-147.  

 

Modified Polynucleotides Comprising Functional RNA Elements 5 

The present disclosure provides synthetic polynucleotides comprising a modification 

(e.g., an RNA element), wherein the modification provides a desired translational regulatory 

activity.  In some embodiments, the disclosure provides a polynucleotide comprising a 5’ 

untranslated region (UTR), an initiation codon, a full open reading frame encoding a 

polypeptide, a 3’ UTR, and at least one modification, wherein the at least one modification 10 

provides a desired translational regulatory activity, for example, a modification that promotes 

and/or enhances the translational fidelity of mRNA translation.  In some embodiments, the 

desired translational regulatory activity is a cis-acting regulatory activity. In some 

embodiments, the desired translational regulatory activity is an increase in the residence time 

of the 43S pre-initiation complex (PIC) or ribosome at, or proximal to, the initiation codon. In 15 

some embodiments, the desired translational regulatory activity is an increase in the initiation 

of polypeptide synthesis at or from the initiation codon.  In some embodiments, the desired 

translational regulatory activity is an increase in the amount of polypeptide translated from the 

full open reading frame. In some embodiments, the desired translational regulatory activity is 

an increase in the fidelity of initiation codon decoding by the PIC or ribosome.  In some 20 

embodiments, the desired translational regulatory activity is inhibition or reduction of leaky 

scanning by the PIC or ribosome. In some embodiments, the desired translational regulatory 

activity is a decrease in the rate of decoding the initiation codon by the PIC or ribosome.  In 

some embodiments, the desired translational regulatory activity is inhibition or reduction in the 

initiation of polypeptide synthesis at any codon within the mRNA other than the initiation 25 

codon. In some embodiments, the desired translational regulatory activity is inhibition or 

reduction of the amount of polypeptide translated from any open reading frame within the 

mRNA other than the full open reading frame.  In some embodiments, the desired translational 

regulatory activity is inhibition or reduction in the production of aberrant translation products. 

In some embodiments, the desired translational regulatory activity is a combination of one or 30 

more of the foregoing translational regulatory activities. 

Accordingly, the present disclosure provides a polynucleotide, e.g., an mRNA, 

comprising an RNA element that comprises a sequence and/or an RNA secondary structure(s) 

that provides a desired translational regulatory activity as described herein.  In some aspects, 
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the mRNA comprises an RNA element that comprises a sequence and/or an RNA secondary 

structure(s) that promotes and/or enhances the translational fidelity of mRNA translation.  In 

some aspects, the mRNA comprises an RNA element that comprises a sequence and/or an RNA 

secondary structure(s) that provides a desired translational regulatory activity, such as 

inhibiting and/or reducing leaky scanning.  In some aspects, the disclosure provides an mRNA 5 

that comprises an RNA element that comprises a sequence and/or an RNA secondary 

structure(s) that inhibits and/or reduces leaky scanning thereby promoting the translational 

fidelity of the mRNA. 

In some embodiments, the RNA element comprises natural and/or modified 

nucleotides.  In some embodiments, the RNA element comprises of a sequence of linked 10 

nucleotides, or derivatives or analogs thereof, that provides a desired translational regulatory 

activity as described herein.  In some embodiments, the RNA element comprises a sequence of 

linked nucleotides, or derivatives or analogs thereof, that forms or folds into a stable RNA 

secondary structure, wherein the RNA secondary structure provides a desired translational 

regulatory activity as described herein.  RNA elements can be identified and/or characterized 15 

based on the primary sequence of the element (e.g., GC-rich element), by RNA secondary 

structure formed by the element (e.g. stem-loop), by the location of the element within the RNA 

molecule (e.g., located within the  5’ UTR of an mRNA), by the biological function and/or 

activity of the element (e.g., “translational enhancer element”), and any combination thereof.  

In some aspects, the disclosure provides an mRNA having one or more structural 20 

modifications that inhibits leaky scanning and/or promotes the translational fidelity of mRNA 

translation, wherein at least one of the structural modifications is a GC-rich RNA element.  In 

some aspects, the disclosure provides a modified mRNA comprising at least one modification, 

wherein at least one modification is a GC-rich RNA element comprising a sequence of linked 

nucleotides, or derivatives or analogs thereof, preceding a Kozak consensus sequence in a 5’ 25 

UTR of the mRNA.  In one embodiment, the GC-rich RNA element is located about 30, about 

25, about 20, about 15, about 10, about 5, about 4, about 3, about 2, or about 1 nucleotide(s) 

upstream of a Kozak consensus sequence in the 5’ UTR of the mRNA.  In another embodiment, 

the GC-rich RNA element is located 15-30, 15-20, 15-25, 10-15, or 5-10 nucleotides upstream 

of a Kozak consensus sequence.  In another embodiment, the GC-rich RNA element is located 30 

immediately adjacent to a Kozak consensus sequence in the 5’ UTR of the mRNA.  

In any of the foregoing or related aspects, the disclosure provides a GC-rich RNA 

element which comprises a sequence of 3-30, 5-25, 10-20, 15-20, about 20, about 15, about 12, 

about 10, about 7, about 6 or about 3 nucleotides, derivatives or analogs thereof, linked in any 
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order, wherein the sequence composition is 70-80% cytosine, 60-70% cytosine, 50%-60% 

cytosine, 40-50% cytosine, 30-40% cytosine bases.  In any of the foregoing or related aspects, 

the disclosure provides a GC-rich RNA element which comprises a sequence of 3-30, 5-25, 10-

20, 15-20, about 20, about 15, about 12, about 10, about 7, about 6 or about 3 nucleotides, 

derivatives or analogs thereof, linked in any order, wherein the sequence composition is about 5 

80% cytosine, about 70% cytosine, about 60% cytosine, about 50% cytosine, about 40% 

cytosine, or about 30% cytosine.  

In any of the foregoing or related aspects, the disclosure provides a GC-rich RNA 

element which comprises a sequence of 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 

4, or 3 nucleotides, or derivatives or analogs thereof, linked in any order, wherein the sequence 10 

composition is 70-80% cytosine, 60-70% cytosine, 50%-60% cytosine, 40-50% cytosine, or 

30-40% cytosine.  In any of the foregoing or related aspects, the disclosure provides a GC-rich 

RNA element which comprises a sequence of 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 

6, 5, 4, or 3 nucleotides, or derivatives or analogs thereof, linked in any order, wherein the 

sequence composition is about 80% cytosine, about 70% cytosine, about 60% cytosine, about 15 

50% cytosine, about 40% cytosine, or about 30% cytosine.  

In some embodiments, the disclosure provides a modified mRNA comprising at least 

one modification, wherein at least one modification is a GC-rich RNA element comprising a 

sequence of linked nucleotides, or derivatives or analogs thereof, preceding a Kozak consensus 

sequence in a 5’ UTR of the mRNA, wherein the GC-rich RNA element is located about 30, 20 

about 25, about 20, about 15, about 10, about 5, about 4, about 3, about 2, or about 1 

nucleotide(s) upstream of a Kozak consensus sequence in the 5’ UTR of the mRNA, and 

wherein the GC-rich RNA element comprises a sequence of 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 

14, 15, 16, 17, 18, 19, or 20 nucleotides, or derivatives or analogs thereof, linked in any order, 

wherein the sequence composition is >50% cytosine.  In some embodiments, the sequence 25 

composition is >55% cytosine, >60% cytosine, >65% cytosine, >70% cytosine, >75% cytosine, 

>80% cytosine,  >85% cytosine, or >90% cytosine.        

In other aspects, the disclosure provides a modified mRNA comprising at least one 

modification, wherein at least one modification is a GC-rich RNA element comprising a 

sequence of linked nucleotides, or derivatives or analogs thereof, preceding a Kozak consensus 30 

sequence in a 5’ UTR of the mRNA, wherein the GC-rich RNA element is located about 30, 

about 25, about 20, about 15, about 10, about 5, about 4, about 3, about 2, or about 1 

nucleotide(s) upstream of a Kozak consensus sequence in the 5’ UTR of the mRNA, and 

wherein the GC-rich RNA element comprises a sequence of about 3-30, 5-25, 10-20, 15-20 or 
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about 20, about 15, about 12, about 10, about 6 or about 3 nucleotides, or derivatives or 

analogues thereof, wherein the sequence comprises a repeating GC-motif, wherein the 

repeating GC-motif is [CCG]n, wherein n = 1 to 10, n= 2 to 8, n= 3 to 6, or n= 4 to 5.  In some 

embodiments, the sequence comprises a repeating GC-motif [CCG]n, wherein n = 1, 2, 3, 4 or 

5.  In some embodiments, the sequence comprises a repeating GC-motif [CCG]n, wherein n = 5 

1,  2, or 3.  In some embodiments, the sequence comprises a repeating GC-motif [CCG]n, 

wherein n = 1.  In some embodiments, the sequence comprises a repeating GC-motif [CCG]n, 

wherein n = 2.  In some embodiments, the sequence comprises a repeating GC-motif [CCG]n, 

wherein n = 3.  In some embodiments, the sequence comprises a repeating GC-motif [CCG]n, 

wherein n = 4 (SEQ ID NO: 177).  In some embodiments, the sequence comprises a repeating 10 

GC-motif [CCG]n, wherein n = 5 (SEQ ID NO: 178).        

In another aspect, the disclosure provides a modified mRNA comprising at least one 

modification, wherein at least one modification is a GC-rich RNA element comprising a 

sequence of linked nucleotides, or derivatives or analogs thereof, preceding a Kozak consensus 

sequence in a 5’ UTR of the mRNA, wherein the GC-rich RNA element comprises any one of 15 

the sequences set forth in Table 4.  In one embodiment, the GC-rich RNA element is located 

about 30, about 25, about 20, about 15, about 10, about 5, about 4, about 3, about 2, or about 1 

nucleotide(s) upstream of a Kozak consensus sequence in the 5’ UTR of the mRNA.  In another 

embodiment, the GC-rich RNA element is located about 15-30, 15-20, 15-25, 10-15, or 5-10 

nucleotides upstream of a Kozak consensus sequence. In another embodiment, the GC-rich 20 

RNA element is located immediately adjacent to a Kozak consensus sequence in the 5’ UTR 

of the mRNA.  

In other aspects, the disclosure provides a modified mRNA comprising at least one 

modification, wherein at least one modification is a GC-rich RNA element comprising the 

sequence V1 [CCCCGGCGCC] (SEQ ID NO: 179) as set forth in Table 4, or derivatives or 25 

analogs thereof, preceding a Kozak consensus sequence in the 5’ UTR of the mRNA.   In some 

embodiments, the GC-rich element comprises the sequence V1 as set forth in Table 4 located 

immediately adjacent to and upstream of the Kozak consensus sequence in the 5’ UTR of the 

mRNA.  In some embodiments, the GC-rich element comprises the sequence V1 as set forth in 

Table 4 located 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10  bases upstream of the Kozak consensus sequence 30 

in the 5’ UTR of the mRNA.  In other embodiments, the GC-rich element comprises the 

sequence V1 as set forth in Table 4 located 1-3, 3-5, 5-7, 7-9, 9-12, or 12-15 bases upstream of 

the Kozak consensus sequence in the 5’ UTR of the mRNA. 
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In other aspects, the disclosure provides a modified mRNA comprising at least one 

modification, wherein at least one modification is a GC-rich RNA element comprising the 

sequence V2 [CCCCGGC] as set forth in Table 4, or derivatives or analogs thereof, preceding 

a Kozak consensus sequence in the 5’ UTR of the mRNA.   In some embodiments, the GC-rich 

element comprises the sequence V2 as set forth in Table 4 located immediately adjacent to and 5 

upstream of the Kozak consensus sequence in the 5’ UTR of the mRNA.  In some 

embodiments, the GC-rich element comprises the sequence V2 as set forth in Table 4 located 

1, 2, 3, 4, 5, 6, 7, 8, 9 or 10  bases upstream of the Kozak consensus sequence in the 5’ UTR of 

the mRNA.  In other embodiments, the GC-rich element comprises the sequence V2 as set forth 

in Table 4 located 1-3, 3-5, 5-7, 7-9, 9-12, or 12-15 bases upstream of the Kozak consensus 10 

sequence in the 5’ UTR of the mRNA. 

In other aspects, the disclosure provides a modified mRNA comprising at least one 

modification, wherein at least one modification is a GC-rich RNA element comprising the 

sequence EK [GCCGCC] as set forth in Table 4, or derivatives or analogs thereof, preceding a 

Kozak consensus sequence in the 5’ UTR of the mRNA.   In some embodiments, the GC-rich 15 

element comprises the sequence EK as set forth in Table 4 located immediately adjacent to and 

upstream of the Kozak consensus sequence in the 5’ UTR of the mRNA.  In some 

embodiments, the GC-rich element comprises the sequence EK as set forth in Table 4 located 

1, 2, 3, 4, 5, 6, 7, 8, 9 or 10  bases upstream of the Kozak consensus sequence in the 5’ UTR of 

the mRNA.  In other embodiments, the GC-rich element comprises the sequence EK as set 20 

forth in Table 4 located 1-3, 3-5, 5-7, 7-9, 9-12, or 12-15 bases upstream of the Kozak 

consensus sequence in the 5’ UTR of the mRNA. 

In yet other aspects, the disclosure provides a modified mRNA comprising at least one 

modification, wherein at least one modification is a GC-rich RNA element comprising the 

sequence V1 [CCCCGGCGCC] (SEQ ID NO: 179) as set forth in Table 4, or derivatives or 25 

analogs thereof, preceding a Kozak consensus sequence in the 5’ UTR of the mRNA, wherein 

the 5’ UTR comprises the following sequence shown in Table 4: 

GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGA (SEQ ID 

NO: 180).   

In some embodiments, the GC-rich element comprises the sequence V1 as set forth in 30 

Table 4 located immediately adjacent to and upstream of the Kozak consensus sequence in the 

5’ UTR sequence shown in Table 4.  In some embodiments, the GC-rich element comprises 

the sequence V1 as set forth in Table 4 located 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10  bases upstream of 
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the Kozak consensus sequence in the 5’ UTR of the mRNA, wherein the 5’ UTR comprises 

the following sequence shown in Table 4: 

GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGA (SEQ ID 

NO: 180).   

In other embodiments, the GC-rich element comprises the sequence V1 as set forth in 5 

Table 4 located 1-3, 3-5, 5-7, 7-9, 9-12, or 12-15 bases upstream of the Kozak consensus 

sequence in the 5’ UTR of the mRNA, wherein the 5’ UTR comprises the following sequence 

shown in Table 4: 

 GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGA (SEQ ID 

NO: 180).   10 

In some embodiments, the 5’ UTR comprises the following sequence set forth in Table 

4: 

GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGACCCCGGCGCC

GCCACC (SEQ ID NO: 181) 

In some embodiments, the 5’ UTR comprises the following sequence set forth in Table 15 

4: 

GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGACCCCGGCGCCA

CC (SEQ ID NO: 182) 

 

Table 4 20 

SEQ ID 

NO: 
5' UTRs 

5'UTR Sequence 

176 Standard 

GGGAAATAAGAGAGAAAAGAAGAGTAAGAA

GAAATATAAGAGCCACC 

180 UTR 

GGGAAATAAGAGAGAAAAGAAGAGTAAGA

AGAAATATAAGA 

181 V1-UTR 

GGGAAATAAGAGAGAAAAGAAGAGTAAGAA

GAAATATAAGACCCCGGCGCCGCCACC 

182 V2-UTR 

GGGAAATAAGAGAGAAAAGAAGAGTAAGAA

GAAATATAAGACCCCGGCGCCACC 

 

SEQ ID 

NO: GC-Rich RNA Elements  
Sequence 
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K0 (Traditional Kozak 

consensus) 
[GCCA/GCC] 

 
EK [GCCGCC] 

179 V1  [CCCCGGCGCC] 

 V2 [CCCCGGC] 

 
(CCG)n, where n=1-10 [CCG]n 

 (GCC)n, where n=1-10 [GCC]n 

177 (CCG)n, where n=4 [CCGCCGCCGCCG] 

178 (CCG)n, where n=5 [CCGCCGCCGCCGCCG] 

 

In another aspect, the disclosure provides a modified mRNA comprising at least one 

modification, wherein at least one modification is a GC-rich RNA element comprising a stable 

RNA secondary structure comprising a sequence of nucleotides, or derivatives or analogs 

thereof, linked in an order which forms a hairpin or a stem-loop.  In one embodiment, the stable 5 

RNA secondary structure is upstream of the Kozak consensus sequence.  In another 

embodiment, the stable RNA secondary structure is located about 30, about 25, about 20, about 

15, about 10, or about 5 nucleotides upstream of the Kozak consensus sequence. In another 

embodiment, the stable RNA secondary structure is located about 20, about 15, about 10 or 

about 5 nucleotides upstream of the Kozak consensus sequence. In another embodiment, the 10 

stable RNA secondary structure is located about 5, about 4, about 3, about 2, about 1 

nucleotides upstream of the Kozak consensus sequence. In another embodiment, the stable 

RNA secondary structure is located about 15-30, about 15-20, about 15-25, about 10-15, or 

about 5-10 nucleotides upstream of the Kozak consensus sequence. In another embodiment, 

the stable RNA secondary structure is located 12-15 nucleotides upstream of the Kozak 15 

consensus sequence. In another embodiment, the stable RNA secondary structure has a deltaG 

of about -30 kcal/mol, about -20 to -30 kcal/mol, about -20 kcal/mol, about -10 to -20 kcal/mol, 

about -10 kcal/mol, about -5 to -10 kcal/mol. 

In another embodiment, the modification is operably linked to an open reading frame 

encoding a polypeptide and wherein the modification and the open reading frame are 20 

heterologous. 

In another embodiment, the sequence of the GC-rich RNA element is comprised 

exclusively of guanine (G) and cytosine (C) nucleobases. 
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RNA elements that provide a desired translational regulatory activity as described 

herein can be identified and characterized using known techniques, such as ribosome 

profiling . Ribosome profiling is a technique that allows the determination of the positions of 

PICs and/or ribosomes bound to mRNAs (see e.g., Ingolia et al., (2009) Science 

324(5924):218-23, incorporated herein by reference). The technique is based on protecting a 5 

region or segment of mRNA, by the PIC and/or ribosome, from nuclease digestion.  

Protection results in the generation of a 30-bp fragment of RNA termed a ‘footprint’. The 

sequence and frequency of RNA footprints can be analyzed by methods known in the art 

(e.g., RNA-seq). The footprint is roughly centered on the A-site of the ribosome. If the PIC or 

ribosome dwells at a particular position or location along an mRNA, footprints generated at 10 

these position would be relatively common. Studies have shown that more footprints are 

generated at positions where the PIC and/or ribosome exhibits decreased processivity and 

fewer footprints where the PIC and/or ribosome exhibits increased processivity (Gardin et al., 

(2014) eLife 3:e03735). In some embodiments, residence time or the time of occupancy of a 

the PIC or ribosome at a discrete position or location along an polynucleotide comprising any 15 

one or more of the RNA elements described herein is determined by ribosome profiling. 

 

Preparation of High Purity RNA 

In order to enhance the purity of synthetically produced RNA, modified in vitro 

transcription (IVT) processes which produce RNA preparations having vastly different 20 

properties from RNA produced using a traditional IVT process may be used. The RNA 

preparations produced according to these methods have properties that enable the production 

of qualitatively and quantitatively superior compositions. Even when coupled with extensive 

purification processes, RNA produced using traditional IVT methods is qualitatively and 

quantitatively distinct from the RNA preparations produced by the modified IVT processes. 25 

For instance, the purified RNA preparations are less immunogenic in comparison to RNA 

preparations made using traditional IVT. Additionally, increased protein expression levels 

with higher purity are produced from the purified RNA preparations.  

Traditional IVT reactions are performed by incubating a DNA template with an RNA 

polymerase and equimolar quantities of nucleotide triphosphates, including GTP, ATP, CTP, 30 

and UTP in a transcription buffer. An RNA transcript having a 5’ terminal guanosine 

triphosphate is produced from this reaction. These reactions also result in the production of a 

number of impurities such as double stranded and single stranded RNAs which are 

immunostimulatory and may have an additive impact. The purity methods described herein 
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prevent formation of reverse complements and thus prevent the innate immune recognition of 

both species. In some embodiments the modified IVT methods result in the production of 

RNA having significantly reduced T cell activity than an RNA preparation made using prior 

art methods with equimolar NTPs. The prior art attempts to remove these undesirable 

components using a series of subsequent purification steps. Such purification methods are 5 

undesirable because they involve additional time and resources and also result in the 

incorporation of residual organic solvents in the final product, which is undesirable for a 

pharmaceutical product. It is labor and capital intensive to scale up processes like reverse 

phase chromatography (RP): utilizing for instance explosion proof facilities, HPLC columns 

and purification systems rated for high pressure, high temperature, flammable solvents etc. 10 

The scale and throughput for large scale manufacture are limited by these factors. Subsequent 

purification is also required to remove alkylammonium ion pair utilized in RP process. In 

contrast the methods described herein even enhance currently utilized methods (eg RP). 

Lower impurity load leads to higher purification recovery of full length RNA devoid of 

cytokine inducing contaminants eg. higher quality of materials at the outset.  15 

The modified IVT methods involve the manipulation of one or more of the reaction 

parameters in the IVT reaction to produce a RNA preparation of highly functional RNA 

without one or more of the undesirable contaminants produced using the prior art processes. 

One parameter in the IVT reaction that may be manipulated is the relative amount of a 

nucleotide or nucleotide analog in comparison to one or more other nucleotides or nucleotide 20 

analogs in the reaction mixture (e.g., disparate nucleotide amounts or concentration). For 

instance, the IVT reaction may include an excess of a nucleotides, e.g., nucleotide 

monophosphate, nucleotide diphosphate or nucleotide triphosphate and/or an excess of 

nucleotide analogs and/or nucleoside analogs. The methods produce a high yield product 

which is significantly more pure than products produced by traditional IVT methods.   25 

Nucleotide analogs are compounds that have the general structure of a nucleotide or 

are structurally similar to a nucleotide or portion thereof.  In particular, nucleotide analogs are 

nucleotides which contain, for example, an analogue of the nucleic acid portion, sugar portion 

and/or phosphate groups of the nucleotide. Nucleotides include, for instance, nucleotide 

monophosphates, nucleotide diphosphates, and nucleotide triphosphates. A nucleotide analog, 30 

as used herein is structurally similar to a nucleotide or portion thereof but does not have the 

typical nucleotide structure (nucleobase-ribose-phosphate).  Nucleoside analogs are 

compounds that have the general structure of a nucleoside or are structurally similar to a 
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nucleoside or portion thereof.  In particular, nucleoside analogs are nucleosides which 

contain, for example, an analogue of the nucleic acid and/or sugar portion of the nucleoside. 

The nucleotide analogs useful in the methods are structurally similar to nucleotides or 

portions thereof but, for example, are not polymerizable by T7. Nucleotide/nucleoside 

analogs as used herein (including C, T, A, U, G, dC, dT, dA, dU, or dG analogs) include for 5 

instance, antiviral nucleotide analogs, phosphate analogs (soluble or immobilized, 

hydrolyzable or non-hydrolyzable), dinucleotide, trinucleotide, tetranucleotide, e.g., a cap 

analog, or a precursor/substrate for enzymatic capping (vaccinia, or ligase), a nucleotide 

labelled with a functional group to facilitate ligation/conjugation of cap or 5’ moiety (IRES), 

a nucleotide labelled with a 5’ PO4 to facilitate ligation of cap or 5’ moiety, or a nucleotide 10 

labelled with a functional group/protecting group that can be chemically or enzymatically 

cleavable. Antiviral nucleotide/nucleoside analogs include but are not limited to Ganciclovir, 

Entecavir, Telbivudine, Vidarabine and Cidofovir. 

The IVT reaction typically includes the following: an RNA polymerase, e.g., a T7 

RNA polymerase at a final concentration of, e.g., 1000-12000 U/mL, e.g., 7000 U/mL; the 15 

DNA template at a final concentration of, e.g., 10-70 nM, e.g., 40 nM; nucleotides (NTPs) at 

a final concentration of e.g., 0.5-10 mM, e.g., 7.5 mM each; magnesium at a final 

concentration of, e.g., 12-60 mM, e.g., magnesium acetate at 40 mM; a buffer such as, e.g., 

HEPES or Tris at a pH of, e.g., 7-8.5, e.g. 40 mM Tris HCl, pH 8. In some embodiments 5 

mM dithiothreitol (DTT) and/or 1 mM spermidine may be included. In some embodiments, 20 

an RNase inhibitor is included in the IVT reaction to ensure no RNase induced degradation 

during the transcription reaction. For example, murine RNase inhibitor can be utilized at a 

final concentration of 1000 U/mL. In some embodiments a pyrophosphatase is included in the 

IVT reaction to cleave the inorganic pyrophosphate generated following each nucleotide 

incorporation into two units of inorganic phosphate. This ensures that magnesium remains in 25 

solution and does not precipitate as magnesium pyrophosphate. For example, an E. coli 

inorganic pyrophosphatase can be utilized at a final concentration of 1 U/mL. 

Similar to traditional methods, the modified method may also be produced by forming 

a reaction mixture comprising a DNA template, and one or more NTPs such as ATP, CTP, 

UTP, GTP (or corresponding analog of aforementioned components) and a buffer.  The 30 

reaction is then incubated under conditions such that the RNA is transcribed. However, the 

modified methods utilize the presence of an excess amount of one or more nucleotides and/or 

nucleotide analogs that can have significant impact on the end product. These methods 

involve a modification in the amount (e.g., molar amount or quantity) of nucleotides and/or 
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nucleotide analogs in the reaction mixture. In some aspects, one or more nucleotides and/or 

one or more nucleotide analogs may be added in excess to the reaction mixture. An excess of 

nucleotides and/or nucleotide analogs is any amount greater than the amount of one or more 

of the other nucleotides such as NTPs in the reaction mixture. For instance, an excess of a 

nucleotide and/or nucleotide analog may be a greater amount than the amount of each or at 5 

least one of the other individual NTPs in the reaction mixture or may refer to an amount 

greater than equimolar amounts of the other NTPs.   

In the embodiment when the nucleotide and/or nucleotide analog that is included in 

the reaction mixture is an NTP, the NTP may be present in a higher concentration than all 

three of the other NTPs included in the reaction mixture. The other three NTPs may be in an 10 

equimolar concentration to one another. Alternatively one or more of the three other NTPs 

may be in a different concentration than one or more of the other NTPs.   

Thus, in some embodiments the IVT reaction may include an equimolar amount of 

nucleotide triphosphate relative to at least one of the other nucleotide triphosphates.  

In some embodiments the RNA is produced by a process or is preparable by a process 15 

comprising  

(a) forming a reaction mixture comprising a DNA template and NTPs including 

adenosine triphosphate (ATP), cytidine triphosphate (CTP), uridine triphosphate (UTP), 

guanosine triphosphate (GTP) and optionally guanosine diphosphate (GDP), and (eg. buffer 

containing T7 co-factor eg. magnesium). 20 

(b) incubating the reaction mixture under conditions such that the RNA is 

transcribed, 

wherein the concentration of at least one of GTP, CTP, ATP, and UTP is at least 2X greater 

than the concentration of any one or more of ATP, CTP or UTP or the reaction further 

comprises a nucleotide analog and wherein the concentration of the nucleotide analog is at 25 

least 2X greater than the concentration of any one or more of ATP, CTP or UTP.  

In some embodiments the ratio of concentration of GTP to the concentration of any 

one ATP, CTP or UTP is at least 2:1, at least 3:1, at least 4:1, at least 5:1 or at least 6:1. The 

ratio of concentration of GTP to concentration of ATP, CTP and UTP is, in some 

embodiments 2:1, 4:1 and 4:1, respectively. In other embodiments the ratio of concentration 30 

of GTP to concentration of ATP, CTP and UTP is 3:1, 6:1 and 6:1, respectively.  The 

reaction mixture may comprise GTP and GDP and wherein the ratio of concentration of GTP 

plus GDP to the concentration of any one of ATP, CTP or UTP is at least 2:1, at least 3:1, at 
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least 4:1, at least 5:1 or at least 6:1 In some embodiments the ratio of concentration of GTP 

plus GDP to concentration of ATP, CTP and UTP is 3:1, 6:1 and 6:1, respectively.  

 In some embodiments the method involves incubating the reaction mixture under 

conditions such that the RNA is transcribed, wherein the effective concentration of phosphate 

in the reaction is at least 150 mM phosphate, at least 160 mM, at least 170 mM, at least 180 5 

mM, at least 190 mM, at least 200 mM, at least 210 mM or at least 220 mM. The effective 

concentration of phosphate in the reaction may be 180 mM. The effective concentration of 

phosphate in the reaction in some embodiments is 195 mM. In other embodiments the 

effective concentration of phosphate in the reaction is 225 mM.  

In other embodiments the RNA is produced by a process or is preparable by a process 10 

comprising wherein a buffer magnesium-containing buffer is used when forming the reaction 

mixture comprising a DNA template and ATP, CTP, UTP, GTP.  In some embodiments the 

magnesium-containing buffer comprises Mg2+ and wherein the molar ratio of concentration 

of ATP plus CTP plus UTP pus GTP to concentration of Mg2+ is at least 1.0, at least 1.25, at 

least 1.5, at least 1.75, at least 1.85, at least 3 or higher.  The molar ratio of concentration of 15 

ATP plus CTP plus UTP pus GTP to concentration of Mg2+ may be 1.5. The molar ratio of 

concentration of ATP plus CTP plus UTP pus GTP to concentration of Mg2+ in some 

embodiments is 1.88. The molar ratio of concentration of ATP plus CTP plus UTP pus GTP 

to concentration of Mg2+ in some embodiments is 3. 

In some embodiments the composition is produced by a process which does not 20 

comprise an dsRNase (e.g., RNaseIII) treatment step. In other embodiments the composition 

is produced by a process which does not comprise a reverse phase (RP) chromatography 

purification step. In yet other embodiments the composition is produced by a process which 

does not comprise a high-performance liquid chromatography (HPLC) purification step. 

In some embodiments the ratio of concentration of GTP to the concentration of any 25 

one ATP, CTP or UTP is at least 2:1, at least 3:1, at least 4:1, at least 5:1 or at least 6:1 to 

produce the RNA. 

The purity of the products may be assessed using known analytical methods and 

assays. For instance, the amount of reverse complement transcription product or cytokine-

inducing RNA contaminant may be determined by high-performance liquid chromatography 30 

(such as reverse-phase chromatography, size-exclusion chromatography), Bioanalyzer chip-

based electrophoresis system, ELISA, flow cytometry, acrylamide gel, a reconstitution or 

surrogate type assay. The assays may be performed with or without nuclease treatment (P1, 
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RNase III, RNase H etc.) of the RNA preparation. Electrophoretic/ chromatographic/mass 

spec analysis of nuclease digestion products may also be performed. 

In some embodiments the purified RNA preparations comprise contaminant 

transcripts that have a length less than a full length transcript, such as for instance at least 

100, 200, 300, 400, 500, 600, 700, 800, or 900 nucleotides less than the full length. 5 

Contaminant transcripts can include reverse or forward transcription products (transcripts) 

that have a length less than a full length transcript, such as for instance at least 100, 200, 300, 

400, 500, 600, 700, 800, or 900 nucleotides less than the full length. Exemplary forward 

transcripts include, for instance, abortive transcripts. In certain embodiments the composition 

comprises a tri-phosphate poly-U reverse complement of less than 30 nucleotides. In some 10 

embodiments the composition comprises a tri-phosphate poly-U reverse complement of any 

length hybridized to a full length transcript. In other embodiments the composition comprises 

a single stranded tri-phosphate forward transcript. In other embodiments the composition 

comprises a single stranded RNA having a terminal tri-phosphate-G. In other embodiments 

the composition comprises single or double stranded RNA of less than 12 nucleotides or base 15 

pairs (including forward or reverse complement transcripts). In any of these embodiments the 

composition may include less than 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 9%, 

8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or 0.5% of any one of or combination of these less than 

full length transcripts. 

 20 

Delivery Vehicles 

General 

 

 The mRNAs of the disclosure may be formulated in nanoparticles or other delivery 

vehicles, e.g., to protect them from degradation when delivered to a subject. Illustrative 25 

nanoparticles are described in Panyam, J. & Labhasetwar, V. Adv. Drug Deliv. Rev. 55, 329–

347 (2003) and Peer, D. et al. Nature Nanotech. 2, 751–760 (2007). In certain embodiments, 

an mRNA of the disclosure is encapsulated within a nanoparticle.  In particular embodiments, 

a nanoparticle is a particle having at least one dimension (e.g., a diameter) less than or equal 

to 1000 nM, less than or equal to 500 nM or less than or equal to 100 nM.  In particular 30 

embodiments, a nanoparticle includes a lipid.  Lipid nanoparticles include, but are not limited 

to, liposomes and micelles.  Any of a number of lipids may be present, including cationic 

and/or ionizable lipids, anionic lipids, neutral lipids, amphipathic lipids, PEGylated lipids, 
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and/or structural lipids. Such lipids can be used alone or in combination.  In particular 

embodiments, a lipid nanoparticle comprises one or more mRNAs described herein. 

 In some embodiments, the lipid nanoparticle formulations of the mRNAs described 

herein may include one or more (e.g., 1, 2, 3, 4, 5, 6, 7, or 8) cationic and/or ionizable lipids.  

Such cationic and/or ionizable lipids include, but are not limited to, 3-(didodecylamino)-5 

N1,N1,4-tridodecyl-1-piperazineethanamine (KL10), N1-[2-(didodecylamino)ethyl]-

N1,N4,N4-tridodecyl-1,4-piperazinediethanamine (KL22), 14,25-ditridecyl-15,18,21,24-

tetraaza-octatriacontane (KL25), 1,2-dilinoleyloxy-N,N-dimethylaminopropane (DLin-

DMA), 2,2-dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA),  

heptatriaconta-6,9,28,31-tetraen-19-yl 4-(dimethylamino)butanoate (DLin-MC3-DMA), 10 

2,2-dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane (DLin-KC2-DMA), 

2-({8-[(3β)-cholest-5-en-3-yloxy]octyl}oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-

1-yloxy]propan-1-amine (Octyl-CLinDMA), 

(2R)-2-({8-[(3β)-cholest-5-en-3-yloxy]octyl}oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-

dien-1-yloxy]propan-1-amine (Octyl-CLinDMA (2R)), 15 

(2S)-2-({8-[(3β)-cholest-5-en-3-yloxy]octyl}oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-

dien-1-yloxy]propan-1-amine (Octyl-CLinDMA (2S)).N,N-dioleyl-N,N-dimethylammonium 

chloride (“DODAC”); N-(2,3-dioleyloxy)propyl-N,N--N-triethylammonium chloride 

(“DOTMA”); N,N-distearyl-N,N-dimethylammonium bromide (“DDAB”); N-(2,3-

dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (“DOTAP”); 1,2-Dioleyloxy-3-20 

trimethylaminopropane chloride salt (“DOTAP.Cl”); 3-β-(N--(N',N'-dimethylaminoethane)-

carbamoyl)cholesterol (“DC-Chol”), N-(1-(2,3-dioleyloxy)propyl)-N-2-

(sperminecarboxamido)ethyl)-N,N-dimethyl- ammonium trifluoracetate (“DOSPA”), 

dioctadecylamidoglycyl carboxyspermine (“DOGS”), 1,2-dioleoyl-3-dimethylammonium 

propane (“DODAP”), N,N-dimethyl-2,3-dioleyloxy)propylamine (“DODMA”), and N-(1,2-25 

dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide (“DMRIE”). 

Additionally, a number of commercial preparations of cationic and/or ionizable lipids can be 

used, such as, e.g., LIPOFECTIN® (including DOTMA and DOPE, available from 

GIBCO/BRL), and LIPOFECTAMINE® (including DOSPA and DOPE, available from 

GIBCO/BRL).  KL10, KL22, and KL25 are described, for example, in U.S. Patent No. 30 

8,691,750, which is incorporated herein by reference in its entirety.  In particular 

embodiments, the lipid is DLin-MC3-DMA or DLin-KC2-DMA. 

Anionic lipids suitable for use in lipid nanoparticles of the disclosure include, but are 

not limited to, phosphatidylglycerol, cardiolipin, diacylphosphatidylserine, 
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diacylphosphatidic acid, N-dodecanoyl phosphatidylethanoloamine, N-succinyl 

phosphatidylethanolamine, N-glutaryl phosphatidylethanolamine, lysylphosphatidylglycerol, 

and other anionic modifying groups joined to neutral lipids. 

Neutral lipids suitable for use in lipid nanoparticles of the disclosure include, but are 

not limited to, diacylphosphatidylcholine, diacylphosphatidylethanolamine, ceramide, 5 

sphingomyelin, dihydrosphingomyelin, cephalin, and cerebrosides.  Lipids having a variety 

of acyl chain groups of varying chain length and degree of saturation are available or may be 

isolated or synthesized by well-known techniques.  Additionally, lipids having mixtures of 

saturated and unsaturated fatty acid chains can be used.  In some embodiments, the neutral 

lipids used in the disclosure are DOPE, DSPC, DPPC, POPC, or any related 10 

phosphatidylcholine. In some embodiments, the neutral lipid may be composed of 

sphingomyelin, dihydrosphingomyeline, or phospholipids with other head groups, such as 

serine and inositol. 

In some embodiments, amphipathic lipids are included in nanoparticles of the 

disclosure. Exemplary amphipathic lipids suitable for use in nanoparticles of the disclosure 15 

include, but are not limited to, sphingolipids, phospholipids, and aminolipids. In some 

embodiments, a phospholipid is selected from the group consisting of 

1,2-dilinoleoyl-sn-glycero-3-phosphocholine (DLPC), 

1,2-dimyristoyl-sn-glycero-phosphocholine (DMPC), 

1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), 20 

1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), 

1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), 

1,2-diundecanoyl-sn-glycero-phosphocholine (DUPC), 

1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 

1,2-di-O-octadecenyl-sn-glycero-3-phosphocholine (18:0 Diether PC), 25 

1-oleoyl-2-cholesterylhemisuccinoyl-sn-glycero-3-phosphocholine (OChemsPC), 

1-hexadecyl-sn-glycero-3-phosphocholine (C16 Lyso PC), 

1,2-dilinolenoyl-sn-glycero-3-phosphocholine, 

1,2-diarachidonoyl-sn-glycero-3-phosphocholine, 

1,2-didocosahexaenoyl-sn-glycero-3-phosphocholine,1,2-dioleoyl-sn-glycero-3-phosphoetha30 

nolamine (DOPE), 1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine (ME 16.0 PE), 

1,2-distearoyl-sn-glycero-3-phosphoethanolamine, 

1,2-dilinoleoyl-sn-glycero-3-phosphoethanolamine, 

1,2-dilinolenoyl-sn-glycero-3-phosphoethanolamine, 
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1,2-diarachidonoyl-sn-glycero-3-phosphoethanolamine, 

1,2-didocosahexaenoyl-sn-glycero-3-phosphoethanolamine,     

1,2-dioleoyl-sn-glycero-3-phospho-rac-(1-glycerol) sodium salt (DOPG), and sphingomyelin. 

Other phosphorus-lacking compounds, such as sphingolipids, glycosphingolipid families, 

diacylglycerols, and β-acyloxyacids, may also be used. Additionally, such amphipathic lipids 5 

can be readily mixed with other lipids, such as triglycerides and sterols. 

In some embodiments, the lipid component of a nanoparticle of the disclosure may 

include one or more PEGylated lipids.  A PEGylated lipid (also known as a PEG lipid or a 

PEG-modified lipid) is a lipid modified with polyethylene glycol.  The lipid component may 

include one or more PEGylated lipids.  A PEGylated lipid may be selected from the non-10 

limiting group consisting of PEG-modified phosphatidylethanolamines, PEG-modified 

phosphatidic acids, PEG-modified ceramides, PEG-modified dialkylamines, PEG-modified 

diacylglycerols, and PEG-modified dialkylglycerols.  For example, a PEGylated lipid may be 

PEG-c-DOMG, PEG-DMG, PEG-DLPE, PEG-DMPE, PEG-DPPC, or a PEG-DSPE lipid. 

A lipid nanoparticle of the disclosure may include one or more structural lipids.  15 

Exemplary, non-limiting structural lipids that may be present in the lipid nanoparticles of the 

disclosure include cholesterol, fecosterol, sitosterol, campesterol, stigmasterol, brassicasterol, 

ergosterol, tomatidine, tomatine, ursolic acid, or alpha-tocopherol.   

In some embodiments, one or more mRNA of the disclosure may be formulated in a 

lipid nanoparticle having a diameter from about 1 nm to about 900 nm, e.g., about 1 nm to 20 

about 100 nm, about 1 nm to about 200 nm, about 1 nm to about 300 nm, about 1 nm to about 

400 nm, about 1 nm to about 500 nm, about 1 nm to about 600 nm, about 1 nm to about 700 

nm, about 1 nm to 800 nm, about 1 nm to about 900 nm.  In some embodiments, the 

nanoparticle may have a diameter from about 10 nm to about 300 nm, about 20 nm to about 

200 nm, about 30 nm to about 100 nm, or about 40 nm to about 80 nm.  In some 25 

embodiments, the nanoparticle may have a diameter from about 30 nm to about 300 nm, 

about 40 nm to about 200 nm, about 50 nm to about 150 nm, about 70 to about 110 nm, or 

about 80 nm to about 120 nm.  In one embodiment, an mRNA may be formulated in a lipid 

nanoparticle having a diameter from about 10 to about 100 nm including ranges in between 

such as, but not limited to, about 10 to about 20 nm, about 10 to about 30 nm, about 10 to 30 

about 40 nm, about 10 to about 50 nm, about 10 to about 60 nm, about 10 to about 70 nm, 

about 10 to about 80 nm, about 10 to about 90 nm, about 20 to about 30 nm, about 20 to 

about 40 nm, about 20 to about 50 nm, about 20 to about 60 nm, about 20 to about 70 nm, 

about 20 to about 80 nm, about 20 to about 90 nm, about 20 to about 100 nm, about 30 to 
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about 40 nm, about 30 to about 50 nm, about 30 to about 60 nm, about 30 to about 70 nm, 

about 30 to about 80 nm, about 30 to about 90 nm, about 30 to about 100 nm, about 40 to 

about 50 nm, about 40 to about 60 nm, about 40 to about 70 nm, about 40 to about 80 nm, 

about 40 to about 90 nm, about 40 to about 100 nm, about 50 to about 60 nm, about 50 to 

about 70 nm about 50 to about 80 nm, about 50 to about 90 nm, about 50 to about 100 nm, 5 

about 60 to about 70 nm, about 60 to about 80 nm, about 60 to about 90 nm, about 60 to 

about 100 nm, about 70 to about 80 nm, about 70 to about 90 nm, about 70 to about 100 nm, 

about 80 to about 90 nm, about 80 to about 100 nm, and/or about 90 to about 100 nm. In one 

embodiment, an mRNA may be formulated in a lipid nanoparticle having a diameter from 

about 30 nm to about 300 nm, about 40 nm to about 200 nm, about 50 nm to about 150 nm, 10 

about 70 to about 110 nm, or about 80 nm to about 120 nm including ranges in between. 

In some embodiments, a lipid nanoparticle may have a diameter greater than 100 nm, 

greater than 150 nm, greater than 200 nm, greater than 250 nm, greater than 300 nm, greater 

than 350 nm, greater than 400 nm, greater than 450 nm, greater than 500 nm, greater than 550 

nm, greater than 600 nm, greater than 650 nm, greater than 700 nm, greater than 750 nm, 15 

greater than 800 nm, greater than 850 nm, greater than 900 nm, or greater than 950 nm. 

In some embodiments, the particle size of the lipid nanoparticle may be increased 

and/or decreased.  The change in particle size may be able to help counter a biological 

reaction such as, but not limited to, inflammation, or may increase the biological effect of the 

mRNA delivered to a patient or subject.   20 

In certain embodiments, it is desirable to target a nanoparticle, e.g., a lipid 

nanoparticle, of the disclosure using a targeting moiety that is specific to a cell type and/or 

tissue type.  In some embodiments, a nanoparticle may be targeted to a particular cell, tissue, 

and/or organ using a targeting moiety.  In particular embodiments, a nanoparticle comprises 

one or more mRNA described herein and a targeting moiety.  Exemplary non-limiting 25 

targeting moieties include ligands, cell surface receptors, glycoproteins, vitamins (e.g., 

riboflavin) and antibodies (e.g., full-length antibodies, antibody fragments (e.g., Fv 

fragments, single chain Fv (scFv) fragments, Fab’ fragments, or F(ab’)2 fragments), single 

domain antibodies, camelid antibodies and fragments thereof, human antibodies and 

fragments thereof, monoclonal antibodies, and multispecific antibodies (e.g,. bispecific 30 

antibodies)).  In some embodiments, the targeting moiety may be a polypeptide.  The 

targeting moiety may include the entire polypeptide (e.g., peptide or protein) or fragments 

thereof.  A targeting moiety is typically positioned on the outer surface of the nanoparticle in 

such a manner that the targeting moiety is available for interaction with the target, for 
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example, a cell surface receptor.  A variety of different targeting moieties and methods are 

known and available in the art, including those described, e.g., in Sapra et al., Prog. Lipid 

Res. 42(5):439-62, 2003 and Abra et al., J. Liposome Res. 12:1-3, 2002. 

In some embodiments, a lipid nanoparticle (e.g., a liposome) may include a surface 

coating of hydrophilic polymer chains, such as polyethylene glycol (PEG) chains (see, e.g., 5 

Allen et al., Biochimica et Biophysica Acta 1237: 99-108, 1995; DeFrees et al., Journal of the 

American Chemistry Society 118: 6101-6104, 1996; Blume et al., Biochimica et Biophysica 

Acta 1149: 180-184,1993; Klibanov et al., Journal of Liposome Research 2: 321-334, 1992; 

U.S. Pat. No. 5,013,556; Zalipsky, Bioconjugate Chemistry 4: 296-299, 1993; Zalipsky, 

FEBS Letters 353: 71-74, 1994; Zalipsky, in Stealth Liposomes Chapter 9 (Lasic and Martin, 10 

Eds) CRC Press, Boca Raton Fla., 1995). In one approach, a targeting moiety for targeting 

the lipid nanoparticle is linked to the polar head group of lipids forming the nanoparticle.  In 

another approach, the targeting moiety is attached to the distal ends of the PEG chains 

forming the hydrophilic polymer coating (see, e.g., Klibanov et al., Journal of Liposome 

Research 2: 321-334, 1992; Kirpotin et al., FEBS Letters 388: 115-118, 1996). 15 

Standard methods for coupling the targeting moiety or moieties may be used.  For 

example, phosphatidylethanolamine, which can be activated for attachment of targeting 

moieties, or derivatized lipophilic compounds, such as lipid-derivatized bleomycin, can be 

used.  Antibody-targeted liposomes can be constructed using, for instance, liposomes that 

incorporate protein A (see, e.g., Renneisen et al., J. Bio. Chem., 265:16337-16342, 1990 and 20 

Leonetti et al., Proc. Natl. Acad. Sci. (USA), 87:2448-2451, 1990). Other examples of 

antibody conjugation are disclosed in U.S. Pat. No. 6,027,726.  Examples of targeting 

moieties can also include other polypeptides that are specific to cellular components, 

including antigens associated with neoplasms or tumors.  Polypeptides used as targeting 

moieties can be attached to the liposomes via covalent bonds (see, for example Heath, 25 

Covalent Attachment of Proteins to Liposomes, 149 Methods in Enzymology 111-119 

(Academic Press, Inc. 1987)). Other targeting methods include the biotin-avidin system.  

In some embodiments, a lipid nanoparticle of the disclosure includes a targeting 

moiety that targets the lipid nanoparticle to a cell including, but not limited to, hepatocytes, 

colon cells, epithelial cells, hematopoietic cells, epithelial cells, endothelial cells, lung cells, 30 

bone cells, stem cells, mesenchymal cells, neural cells, cardiac cells, adipocytes, vascular 

smooth muscle cells, cardiomyocytes, skeletal muscle cells, beta cells, pituitary cells, 

synovial lining cells, ovarian cells, testicular cells, fibroblasts, B cells, T cells, reticulocytes, 

leukocytes, granulocytes, and tumor cells (including primary tumor cells and metastatic 
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tumor cells).  In particular embodiments, the targeting moiety targets the lipid nanoparticle to 

a hepatocyte.  In other embodiments, the targeting moiety targets the lipid nanoparticle to a 

colon cell.  In some embodiments, the targeting moiety targets the lipid nanoparticle to a liver 

cancer cell (e.g., a hepatocellular carcinoma cell) or a colorectal cancer cell (e.g., a primary 

tumor or a metastasis).  5 

 

Lipid Nanoparticles 

In one set of embodiments, lipid nanoparticles (LNPs) are provided.  In one 

embodiment, a lipid nanoparticle comprises lipids including an ionizable lipid, a structural 

lipid, a phospholipid, and one or more mRNAs.  Each of the LNPs described herein may be 10 

used as a formulation for the mRNA described herein.  In one embodiment, a lipid 

nanoparticle comprises an ionizable lipid, a structural lipid, a phospholipid, a PEG-modified 

lipid and one or more mRNAs.  In some embodiments, the LNP comprises an ionizable lipid, 

a PEG-modified lipid, a sterol and a phospholipid.  In some embodiments, the LNP has a 

molar ratio of about 20-60% ionizable lipid:  about 5-25% phospholipid: about 25-55% 15 

sterol; and about 0.5-15% PEG-modified lipid.  In some embodiments, the LNP comprises a 

molar ratio of about 50% ionizable lipid, about 1.5% PEG-modified lipid, about 38.5% 

cholesterol and about 10% phospholipid.  In some embodiments, the LNP comprises a molar 

ratio of about 55% ionizable lipid, about 2.5% PEG lipid, about 32.5% cholesterol and about 

10% phospholipid.  In some embodiments, the ionizable lipid is an ionizable amino or 20 

cationic lipid and the neutral lipid is a phospholipid, and the sterol is a cholesterol.  In some 

embodiments, the LNP has a molar ratio of 50:38.5:10:1.5 of ionizable lipid: cholesterol: 

DSPC (1,2-dioctadecanoyl-sn-glycero-3-phosphocholine): PEG-DMG.   

a. Ionizable Lipid 

The present disclosure provides pharmaceutical compositions with advantageous 25 

properties.  For example, the lipids described herein (e.g. those having any of Formula (I), 

(IA), (II), (IIa), (IIb), (IIc), (IId), (IIe), (III), (IV), (V), or (VI) may be advantageously used in 

lipid nanoparticle compositions for the delivery of therapeutic and/or prophylactic agents to 

mammalian cells or organs. For example, the lipids described herein have little or no 

immunogenicity.  For example, the lipid compounds disclosed hereinhave a lower 30 

immunogenicity as compared to a reference lipid (e.g., MC3, KC2, or DLinDMA).  For 

example, a formulation comprising a lipid disclosed herein and a therapeutic or prophylactic 

agent has an increased therapeutic index as compared to a corresponding formulation which 
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comprises a reference lipid (e.g., MC3, KC2, or DLinDMA) and the same therapeutic or 

prophylactic agent. In particular, the present application provides pharmaceutical 

compositions comprising:  

(a) a polynucleotide comprising a nucleotide sequence encoding a polypeptide  of 

interest; and 5 

(b) a delivery agent. 

In some embodiments, the delivery agent comprises a lipid compound having the 

Formula (I) 

  (I), 

wherein 10 

R1 is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  15 

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ, 

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected from a 

carbocycle, heterocycle, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, 

-CN, -N(R)2, -C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, 

-N(R)R8, -O(CH2)nOR, -N(R)C(=NR9)N(R)2, -N(R)C(=CHR9)N(R)2, -OC(O)N(R)2, 20 

-N(R)C(O)OR, -N(OR)C(O)R, -N(OR)S(O)2R, -N(OR)C(O)OR, -N(OR)C(O)N(R)2, 

-N(OR)C(S)N(R)2, -N(OR)C(=NR9)N(R)2, -N(OR)C(=CHR9)N(R)2, -C(=NR9)N(R)2, 

-C(=NR9)R, -C(O)N(R)OR, and -C(R)N(R)2C(O)OR, and each n is independently selected 

from 1, 2, 3, 4, and 5;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 25 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 
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M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, -S-S-, an 

aryl group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 

R8 is selected from the group consisting of C3-6 carbocycle and heterocycle; 5 

R9 is selected from the group consisting of H, CN, NO2, C1-6 alkyl, -OR, -S(O)2R, -

S(O)2N(R)2, C2-6 alkenyl, C3-6 carbocycle and heterocycle; 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 10 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 15 

each Y is independently a C3-6 carbocycle; 

each X is independently selected from the group consisting of F, Cl, Br, and I; and m 

is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof,. 

In some embodiments, a subset of compounds of Formula (I) includes those in which  20 

R1 is selected from the group consisting of C5-20 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  25 

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ, 

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected from a 

carbocycle, heterocycle, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, 

-CN, -N(R)2, -C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, 

and -C(R)N(R)2C(O)OR, and each n is independently selected from 1, 2, 3, 4, and 5;  30 

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 
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M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, an aryl 

group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 5 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 

alkenyl;  10 

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 

each X is independently selected from the group consisting of F, Cl, Br, and I; and m 

is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 15 

or salts or stereoisomers thereof, wherein alkyl and alkenyl groups may be linear or 

branched. 

In some embodiments, a subset of compounds of Formula (I) includes those in which 

when R4 is -(CH2)nQ, -(CH2)nCHQR, -CHQR, or -CQ(R)2, then (i) Q is not -N(R)2 when n is 

1, 2, 3, 4 or 5, or (ii) Q is not 5, 6, or 7-membered heterocycloalkyl when n is 1 or 2. 20 

In another embodiments, another subset of compounds of Formula (I) includes those 

in which  

R1 is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, C2-14 25 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ, 

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected from a 

C3-6 carbocycle, a 5- to 14-membered heteroaryl having one or more heteroatoms selected 30 

from N, O, and S, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, 

-C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, 

-CRN(R)2C(O)OR, -N(R)R8, -O(CH2)nOR, -N(R)C(=NR9)N(R)2, -N(R)C(=CHR9)N(R)2, -O

C(O)N(R)2, -N(R)C(O)OR, -N(OR)C(O)R, -N(OR)S(O)2R, -N(OR)C(O)OR, -N(OR)C(O)N(
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R)2, -N(OR)C(S)N(R)2, -N(OR)C(=NR9)N(R)2, -N(OR)C(=CHR9)N(R)2, -C(=NR9)N(R)2, -C

(=NR9)R, -C(O)N(R)OR, and a 5- to 14-membered heterocycloalkyl having one or more 

heteroatoms selected from N, O, and S which is substituted with one or more substituents 

selected from oxo (=O), OH, amino, and C1-3 alkyl, and each n is independently selected from 

1, 2, 3, 4, and 5;  5 

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 10 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, -S-S-, an 

aryl group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 

R8 is selected from the group consisting of C3-6 carbocycle and heterocycle; 

R9 is selected from the group consisting of H, CN, NO2, C1-6 alkyl, -OR, -S(O)2R, -15 

S(O)2N(R)2, C2-6 alkenyl, C3-6 carbocycle and heterocycle; 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  20 

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 25 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof. 

In another embodiments, another subset of compounds of Formula (I) includes those 

in which  30 

R1 is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 



  MDN-015PC 

125 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ, 

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected from a 5 

C3-6 carbocycle, a 5- to 14-membered heteroaryl having one or more heteroatoms selected 

from N, O, and S, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, 

-C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, 

-CRN(R)2C(O)OR, and a 5- to 14-membered heterocycloalkyl having one or more 

heteroatoms selected from N, O, and S which is substituted with one or more substituents 10 

selected from oxo (=O), OH, amino, and C1-3 alkyl, and each n is independently selected from 

1, 2, 3, 4, and 5;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 15 

and H; 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, an aryl 

group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 20 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 25 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 30 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof. 

In yet another embodiments, another subset of compounds of Formula (I) includes 

those in which  
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R1 is selected from the group consisting of C5-20 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  5 

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ, 

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected from a 

C3-6 carbocycle, a 5- to 14-membered heterocycle having one or more heteroatoms selected 

from N, O, and S, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, 

-C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, 10 

-CRN(R)2C(O)OR, -N(R)R8, -O(CH2)nOR, -N(R)C(=NR9)N(R)2, -N(R)C(=CHR9)N(R)2, 

-OC(O)N(R)2, -N(R)C(O)OR, -N(OR)C(O)R, -N(OR)S(O)2R, -N(OR)C(O)OR, 

-N(OR)C(O)N(R)2, -N(OR)C(S)N(R)2, -N(OR)C(=NR9)N(R)2, -N(OR)C(=CHR9)N(R)2, 

-C(=NR9)R, -C(O)N(R)OR, and -C(=NR9)N(R)2, and each n is independently selected from 

1, 2, 3, 4, and 5; and when Q is a 5- to 14-membered heterocycle and (i) R4 is -(CH2)nQ in 15 

which n is 1 or 2, or (ii) R4 is -(CH2)nCHQR in which n is 1, or (iii) R4 is -CHQR, and 

-CQ(R)2, then Q is either a 5- to 14-membered heteroaryl or 8- to 14-membered 

heterocycloalkyl;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 20 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, -S-S-, an 

aryl group, and a heteroaryl group; 25 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 

R8 is selected from the group consisting of C3-6 carbocycle and heterocycle; 

R9 is selected from the group consisting of H, CN, NO2, C1-6 alkyl, -OR, -S(O)2R, -

S(O)2N(R)2, C2-6 alkenyl, C3-6 carbocycle and heterocycle; 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 30 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  
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each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 5 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof. 

In yet another embodiments, another subset of compounds of Formula (I) includes 

those in which  10 

R1 is selected from the group consisting of C5-20 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  15 

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ, 

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected from a 

C3-6 carbocycle, a 5- to 14-membered heterocycle having one or more heteroatoms selected 

from N, O, and S, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, 

-C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, 20 

-CRN(R)2C(O)OR, and each n is independently selected from 1, 2, 3, 4, and 5; and when Q is 

a 5- to 14-membered heterocycle and (i) R4 is -(CH2)nQ in which n is 1 or 2, or (ii) R4 is 

-(CH2)nCHQR in which n is 1, or (iii) R4 is -CHQR, and -CQ(R)2, then Q is either a 5- to 14-

membered heteroaryl or 8- to 14-membered heterocycloalkyl;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 25 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, an aryl 30 

group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 
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each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 5 

alkenyl; 

each Y is independently a C3-6 carbocycle; 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof. 10 

In still another embodiments, another subset of compounds of Formula (I) includes 

those in which  

R1 is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, C2-14 15 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ, 

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected from a 

C3-6 carbocycle, a 5- to 14-membered heteroaryl having one or more heteroatoms selected 20 

from N, O, and S, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, 

-C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, 

-CRN(R)2C(O)OR, -N(R)R8, -O(CH2)nOR, -N(R)C(=NR9)N(R)2, -N(R)C(=CHR9)N(R)2, 

-OC(O)N(R)2, -N(R)C(O)OR, -N(OR)C(O)R, -N(OR)S(O)2R, -N(OR)C(O)OR, 

-N(OR)C(O)N(R)2, -N(OR)C(S)N(R)2, -N(OR)C(=NR9)N(R)2, -N(OR)C(=CHR9)N(R)2, 25 

-C(=NR9)R, -C(O)N(R)OR, and -C(=NR9)N(R)2, and each n is independently selected from 

1, 2, 3, 4, and 5;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 30 

and H; 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, -S-S-, an 

aryl group, and a heteroaryl group;  
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R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 

R8 is selected from the group consisting of C3-6 carbocycle and heterocycle; 

R9 is selected from the group consisting of H, CN, NO2, C1-6 alkyl, -OR, -S(O)2R, -

S(O)2N(R)2, C2-6 alkenyl, C3-6 carbocycle and heterocycle; 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 5 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 

alkenyl;  10 

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 15 

or salts or stereoisomers thereof. 

In still another embodiments, another subset of compounds of Formula (I) includes 

those in which  

R1 is selected from the group consisting of C5-20 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 20 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ, 

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected from a 25 

C3-6 carbocycle, a 5- to 14-membered heteroaryl having one or more heteroatoms selected 

from N, O, and S, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, 

-C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, 

-CRN(R)2C(O)OR, and each n is independently selected from 1, 2, 3, 4, and 5;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 30 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 
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M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, an aryl 

group, and a heteroaryl group;  

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 5 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 

alkenyl;  10 

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 15 

or salts or stereoisomers thereof. 

In yet another embodiments, another subset of compounds of Formula (I) includes 

those in which  

R1 is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 20 

R2 and R3 are independently selected from the group consisting of H, C2-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  

R4 is -(CH2)nQ or -(CH2)nCHQR, where Q is -N(R)2, and n is selected from 3, 4, and 

5;  25 

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 30 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, -S-S-, an 

aryl group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 
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each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 5 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C1-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 10 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof. 

In yet another embodiments, another subset of compounds of Formula (I) includes 

those in which  

R1 is selected from the group consisting of C5-20 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 15 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of H, C2-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  

R4 is -(CH2)nQ or -(CH2)nCHQR, where Q is -N(R)2, and n is selected from 3, 4, and 20 

5;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 25 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, an aryl 

group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 30 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  
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each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C1-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 5 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof. 

In still other embodiments, another subset of compounds of Formula (I) includes 

those in which  10 

R1 is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of C1-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  15 

R4 is selected from the group consisting of -(CH2)nQ, -(CH2)nCHQR, -CHQR, and 

-CQ(R)2, where Q is -N(R)2, and n is selected from 1, 2, 3, 4, and 5;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 20 

and H; 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, -S-S-, an 

aryl group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 25 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 30 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C1-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 
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each X is independently selected from the group consisting of F, Cl, Br, and I; and 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof. 

In still other embodiments, another subset of compounds of Formula (I) includes 

those in which  5 

R1 is selected from the group consisting of C5-20 alkyl, C5-20 alkenyl, -R*YR”, -YR”, 

and -R”M’R’; 

R2 and R3 are independently selected from the group consisting of C1-14 alkyl, C2-14 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle;  10 

R4 is selected from the group consisting of -(CH2)nQ, -(CH2)nCHQR, -CHQR, and 

-CQ(R)2, where Q is -N(R)2, and n is selected from 1, 2, 3, 4, and 5;  

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 15 

and H; 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, an aryl 

group, and a heteroaryl group; 

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; 20 

each R is independently selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, 

and H; 

each R’ is independently selected from the group consisting of C1-18 alkyl, C2-18 

alkenyl, -R*YR”, -YR”, and H;  

each R” is independently selected from the group consisting of C3-14 alkyl and C3-14 25 

alkenyl;  

each R* is independently selected from the group consisting of C1-12 alkyl and C1-12 

alkenyl; 

each Y is independently a C3-6 carbocycle; 

each X is independently selected from the group consisting of F, Cl, Br, and I; and 30 

m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13, 

or salts or stereoisomers thereof. 

In certain embodiments, a subset of compounds of Formula (I) includes those of 

Formula (IA): 
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  (IA), 

or a salt or stereoisomer thereof, wherein l is selected from 1, 2, 3, 4, and 5; m is 

selected from 5, 6, 7, 8, and 9; M1 is a bond or M’; R4 is unsubstituted C1-3 alkyl, or 

-(CH2)nQ, in which Q is OH, -NHC(S)N(R)2, -NHC(O)N(R)2,  -N(R)C(O)R, -N(R)S(O)2R, 

-N(R)R8, -NHC(=NR9)N(R)2, -NHC(=CHR9)N(R)2, -OC(O)N(R)2, -N(R)C(O)OR, 5 

heteroaryl, or heterocycloalkyl; M and M’ are independently selected from -C(O)O-, 

-OC(O)-, -C(O)N(R’)-, -P(O)(OR’)O-, -S-S-, an aryl group, and a heteroaryl group; and  

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, and 

C2-14 alkenyl. 

In some embodiments, a subset of compounds of Formula (I) includes those of 10 

Formula (IA), or a salt or stereoisomer thereof,  

wherein  

l is selected from 1, 2, 3, 4, and 5; m is selected from 5, 6, 7, 8, and 9;  

M1 is a bond or M’;  

R4 is unsubstituted C1-3 alkyl, or -(CH2)nQ, in which Q is OH, -NHC(S)N(R)2, or 15 

-NHC(O)N(R)2;  

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-P(O)(OR’)O-, an aryl group, and a heteroaryl group; and  

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, and 

C2-14 alkenyl. 20 

In certain embodiments, a subset of compounds of Formula (I) includes those of 

Formula (II):  

  (II) 

or a salt or stereoisomer thereof, wherein l is selected from 1, 2, 3, 4, and 5; M1 is a 

bond or M’; R4 is unsubstituted C1-3 alkyl, or -(CH2)nQ, in which n is 2, 3, or 4, and Q is OH, 25 

-NHC(S)N(R)2, -NHC(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)R8, -NHC(=NR9)N(R)2, 

-NHC(=CHR9)N(R)2, -OC(O)N(R)2, -N(R)C(O)OR, heteroaryl, or heterocycloalkyl; M and 
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M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, -P(O)(OR’)O-, -S-S-, 

an aryl group, and a heteroaryl group; and 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, and 

C2-14 alkenyl. 

In some embodiments, a subset of compounds of Formula (I) includes those of 5 

Formula (II), or a salt or stereoisomer thereof, wherein  

l is selected from 1, 2, 3, 4, and 5;  

M1 is a bond or M’;  

R4 is unsubstituted C1-3 alkyl, or -(CH2)nQ, in which n is 2, 3, or 4, and Q is OH, 

-NHC(S)N(R)2, or -NHC(O)N(R)2;  10 

M and M’ are independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, 

-P(O)(OR’)O-, an aryl group, and a heteroaryl group; and 

R2 and R3 are independently selected from the group consisting of H, C1-14 alkyl, and 

C2-14 alkenyl. 

In some embodiments, the compound of formula (I) is of the formula (IIa), 15 

  (IIa), 

or a salt thereof, wherein R4 is as described above. 

In some embodiments, the compound of formula (I) is of the formula (IIb), 

  (IIb), 

or a salt thereof, wherein R4 is as described above. 20 

In some embodiments, the compound of formula (I) is of the formula (IIc), 

  (IIc), 

or a salt thereof, wherein R4 is as described above. 

In some embodiments, the compound of formula (I) is of the formula (IIe): 
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  (IIe), 

or a salt thereof, wherein R4 is as described above. 

In some embodiments, the compound of formula (IIa), (IIb), (IIc), or (IIe) comprises 

an R4 which is selected from -(CH2)nQ and -(CH2)nCHQR, wherein Q, R and n are as defined 

above.  5 

In some embodiments, Q is selected from the group consisting of -OR, -OH, 

-O(CH2)nN(R)2, -OC(O)R, -CX3, -CN, -N(R)C(O)R, -N(H)C(O)R, -N(R)S(O)2R, 

-N(H)S(O)2R, -N(R)C(O)N(R)2, -N(H)C(O)N(R)2, -N(H)C(O)N(H)(R), -N(R)C(S)N(R)2, 

-N(H)C(S)N(R)2, -N(H)C(S)N(H)(R), and a heterocycle, wherein R is as defined above. In 

some aspects, n is 1 or 2. In some embodiments, Q is OH, -NHC(S)N(R)2, or -NHC(O)N(R)2. 10 

In some embodiments, the compound of formula (I) is of the formula (IId), 

  (IId), 

or a salt thereof, wherein R2 and R3 are independently selected from the group 

consisting of C5-14 alkyl and C5-14 alkenyl, n is selected from 2, 3, and 4, and R’, R’’, R5, R6 

and m are as defined above.  15 

In some aspects of the compound of formula (IId), R2 is C8 alkyl. In some aspects of 

the compound of formula (IId), R3 is C5-C9 alkyl. In some aspects of the compound of 

formula (IId), m is 5, 7, or 9. In some aspects of the compound of formula (IId), each R5 is H. 

In some aspects of the compound of formula (IId), each R6 is H. 

In another aspect, the present application provides a lipid composition (e.g., a lipid 20 

nanoparticle (LNP)) comprising: (1) a compound having the formula (I); (2) optionally a 

helper lipid (e.g. a phospholipid); (3) optionally a structural lipid (e.g. a sterol); and (4) 

optionally a lipid conjugate (e.g. a PEG-lipid). In exemplary embodiments, the lipid 

composition (e.g., LNP) further comprises a polynucleotide encoding a polypeptide of 

interest, e.g., a polynucleotide encapsulated therein.  25 
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As used herein, the term “alkyl” or “alkyl group” means a linear or branched, 

saturated hydrocarbon including one or more carbon atoms (e.g., one, two, three, four, five, 

six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, 

eighteen, nineteen, twenty, or more carbon atoms).  

The notation “C1-14 alkyl” means a linear or branched, saturated hydrocarbon 5 

including 1-14 carbon atoms. An alkyl group can be optionally substituted. 

As used herein, the term “alkenyl” or “alkenyl group” means a linear or branched 

hydrocarbon including two or more carbon atoms (e.g., two, three, four, five, six, seven, 

eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, 

nineteen, twenty, or more carbon atoms) and at least one double bond.  10 

The notation “C2-14 alkenyl” means a linear or branched hydrocarbon including 2-14 

carbon atoms and at least one double bond. An alkenyl group can include one, two, three, 

four, or more double bonds. For example, C18 alkenyl can include one or more double bonds. 

A C18 alkenyl group including two double bonds can be a linoleyl group. An alkenyl group 

can be optionally substituted.  15 

As used herein, the term “carbocycle” or “carbocyclic group” means a mono- or 

multi-cyclic system including one or more rings of carbon atoms. Rings can be three, four, 

five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, or fifteen membered rings.  

The notation “C3-6 carbocycle” means a carbocycle including a single ring having 3-6 

carbon atoms. Carbocycles can include one or more double bonds and can be aromatic (e.g., 20 

aryl groups). Examples of carbocycles include cyclopropyl, cyclopentyl, cyclohexyl, phenyl, 

naphthyl, and 1,2-dihydronaphthyl groups. Carbocycles can be optionally substituted.  

As used herein, the term “heterocycle” or “heterocyclic group” means a mono- or 

multi-cyclic system including one or more rings, where at least one ring includes at least one 

heteroatom. Heteroatoms can be, for example, nitrogen, oxygen, or sulfur atoms. Rings can 25 

be three, four, five, six, seven, eight, nine, ten, eleven, or twelve membered rings. 

Heterocycles can include one or more double bonds and can be aromatic (e.g., heteroaryl 

groups). Examples of heterocycles include imidazolyl, imidazolidinyl, oxazolyl, oxazolidinyl, 

thiazolyl, thiazolidinyl, pyrazolidinyl, pyrazolyl, isoxazolidinyl, isoxazolyl, isothiazolidinyl, 

isothiazolyl, morpholinyl, pyrrolyl, pyrrolidinyl, furyl, tetrahydrofuryl, thiophenyl, pyridinyl, 30 

piperidinyl, quinolyl, and isoquinolyl groups. Heterocycles can be optionally substituted. 

As used herein, a “biodegradable group” is a group that can facilitate faster 

metabolism of a lipid in a subject. A biodegradable group  can be, but is not limited to, 
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-C(O)O-, -OC(O)-, -C(O)N(R’)-, -N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, 

-P(O)(OR’)O-, -S(O)2-, an aryl group, and a heteroaryl group.  

As used herein, an “aryl group” is a carbocyclic group including one or more aromatic 

rings. Examples of aryl groups include phenyl and naphthyl groups.  

As used herein, a “heteroaryl group” is a heterocyclic group including one or more 5 

aromatic rings. Examples of heteroaryl groups include pyrrolyl, furyl, thiophenyl, imidazolyl, 

oxazolyl, and thiazolyl. Both aryl and heteroaryl groups can be optionally substituted. For 

example, M and M’ can be selected from the non-limiting group consisting of optionally 

substituted phenyl, oxazole, and thiazole. In the formulas herein, M and M’ can be 

independently selected from the list of biodegradable groups above.  10 

Alkyl, alkenyl, and cyclyl (e.g., carbocyclyl and heterocyclyl) groups  can be 

optionally substituted unless otherwise specified. Optional substituents  can be selected from 

the group consisting of, but are not limited to, a halogen atom (e.g., a chloride, bromide, 

fluoride, or iodide group), a carboxylic acid (e.g., -C(O)OH), an alcohol (e.g., a hydroxyl, 

-OH), an ester (e.g., -C(O)OR or -OC(O)R), an aldehyde (e.g., -C(O)H), a carbonyl (e.g., 15 

-C(O)R, alternatively represented by C=O), an acyl halide (e.g., -C(O)X, in which X is a 

halide selected from bromide, fluoride, chloride, and iodide), a carbonate (e.g., -OC(O)OR), 

an alkoxy (e.g., -OR), an acetal (e.g., -C(OR)2R”“, in which each OR are alkoxy groups that 

can be the same or different and R”“ is an alkyl or alkenyl group), a phosphate (e.g., P(O)4
3-), 

a thiol (e.g., -SH), a sulfoxide (e.g., -S(O)R), a sulfinic acid (e.g., -S(O)OH), a sulfonic acid 20 

(e.g., -S(O)2OH), a thial (e.g., -C(S)H), a sulfate (e.g., S(O)4
2-), a sulfonyl (e.g., -S(O)2-), an 

amide (e.g., -C(O)NR2, or -N(R)C(O)R), an azido (e.g., -N3), a nitro (e.g., -NO2), a cyano 

(e.g., -CN), an isocyano (e.g., -NC), an acyloxy (e.g., -OC(O)R), an amino (e.g., -NR2, 

-NRH, or -NH2), a carbamoyl (e.g., -OC(O)NR2, -OC(O)NRH, or -OC(O)NH2), a 

sulfonamide (e.g., -S(O)2NR2, -S(O)2NRH, -S(O)2NH2, -N(R)S(O)2R, -N(H)S(O)2R, 25 

-N(R)S(O)2H, or -N(H)S(O)2H), an alkyl group, an alkenyl group, and a cyclyl (e.g., 

carbocyclyl or heterocyclyl) group.  

In any of the preceding, R is an alkyl or alkenyl group, as defined herein. In some 

embodiments, the substituent groups themselves can be further substituted with, for example, 

one, two, three, four, five, or six substituents as defined herein. For example, a C1-6 alkyl 30 

group  can be further substituted with one, two, three, four, five, or six substituents as 

described herein.  

The compounds of any one of formulae (I), (IA), (II), (IIa), (IIb), (IIc), (IId), and (IIe) 

include one or more of the following features when applicable.  
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In some embodiments, R4 is selected from the group consisting of a C3-6 carbocycle, 

-(CH2)nQ, -(CH2)nCHQR, -CHQR, and -CQ(R)2, where Q is selected from a C3-6 carbocycle, 

5- to 14- membered aromatic or non-aromatic heterocycle having one or more heteroatoms 

selected from N, O, S, and P, -OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, 

-CXH2, -CN, -N(R)2, -C(O)N(R)2, -N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, 5 

-N(R)C(S)N(R)2, and -C(R)N(R)2C(O)OR, and each n is independently selected from 1, 2, 3, 

4, and 5.  

In another embodiment, R4 is selected from the group consisting of a C3-6 carbocycle, 

-(CH2)nQ, -(CH2)nCHQR, -CHQR, and -CQ(R)2, where Q is selected from a C3-6 carbocycle, 

a 5- to 14-membered heteroaryl having one or more heteroatoms selected from N, O, and S, 10 

-OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, -C(O)N(R)2, 

-N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, -C(R)N(R)2C(O)OR, and a 

5- to 14-membered heterocycloalkyl having one or more heteroatoms selected from N, O, and 

S which is substituted with one or more substituents selected from oxo (=O), OH, amino, and 

C1-3 alkyl, and each n is independently selected from 1, 2, 3, 4, and 5. 15 

In another embodiment, R4 is selected from the group consisting of a C3-6 carbocycle, 

-(CH2)nQ, -(CH2)nCHQR, -CHQR, and -CQ(R)2, where Q is selected from a C3-6 carbocycle, 

a 5- to 14-membered heterocycle having one or more heteroatoms selected from N, O, and S, 

-OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, -C(O)N(R)2, 

-N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, -C(R)N(R)2C(O)OR, and 20 

each n is independently selected from 1, 2, 3, 4, and 5; and when Q is a 5- to 14-membered 

heterocycle and (i) R4 is -(CH2)nQ in which n is 1 or 2, or (ii) R4 is -(CH2)nCHQR in which n 

is 1, or (iii) R4 is -CHQR, and -CQ(R)2, then Q is either a 5- to 14-membered heteroaryl or 8- 

to 14-membered heterocycloalkyl. 

In another embodiment, R4 is selected from the group consisting of a C3-6 carbocycle, 25 

-(CH2)nQ, -(CH2)nCHQR, -CHQR, and -CQ(R)2, where Q is selected from a C3-6 carbocycle, 

a 5- to 14-membered heteroaryl having one or more heteroatoms selected from N, O, and S, 

-OR, -O(CH2)nN(R)2, -C(O)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, -C(O)N(R)2, 

-N(R)C(O)R, -N(R)S(O)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, -C(R)N(R)2C(O)OR, and 

each n is independently selected from 1, 2, 3, 4, and 5. 30 

In another embodiment, R4 is unsubstituted C1-4 alkyl, e.g., unsubstituted methyl. 

In certain embodiments, the disclosure provides a compound having the Formula (I), 

wherein R4 is -(CH2)nQ or -(CH2)nCHQR, where Q is -N(R)2, and n is selected from 3, 4, and 

5. 
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In certain embodiments, the disclosure provides a compound having the Formula (I), 

wherein R4 is selected from the group consisting of -(CH2)nQ, -(CH2)nCHQR, -CHQR, and 

-CQ(R)2, where Q is -N(R)2, and n is selected from 1, 2, 3, 4, and 5. 

In certain embodiments, the disclosure provides a compound having the Formula (I), 

wherein R2 and R3 are independently selected from the group consisting of C2-14 alkyl, C2-14 5 

alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together with the atom to which they are 

attached, form a heterocycle or carbocycle, and R4 is -(CH2)nQ or -(CH2)nCHQR, where Q is 

-N(R)2, and n is selected from 3, 4, and 5.  

In certain embodiments, R2 and R3 are independently selected from the group 

consisting of C2-14 alkyl, C2-14 alkenyl, -R*YR”, -YR”, and -R*OR”, or R2 and R3, together 10 

with the atom to which they are attached, form a heterocycle or carbocycle.  

In some embodiments, R1 is selected from the group consisting of C5-20 alkyl and C5-20 

alkenyl. 

In other embodiments, R1 is selected from the group consisting of -R*YR”, -YR”, and 

-R”M’R’. 15 

In certain embodiments, R1 is selected from -R*YR” and -YR”. In some 

embodiments, Y is a cyclopropyl group. In some embodiments, R* is C8 alkyl or C8 alkenyl. 

In certain embodiments, R” is C3-12 alkyl. For example, R”  can be C3 alkyl. For example, R”  

can be C4-8 alkyl (e.g., C4, C5, C6, C7, or C8 alkyl). 

In some embodiments, R1 is C5-20 alkyl. In some embodiments, R1 is C6 alkyl. In some 20 

embodiments, R1 is C8 alkyl. In other embodiments, R1 is C9 alkyl. In certain embodiments, 

R1 is C14 alkyl. In other embodiments, R1 is C18 alkyl. 

In some embodiments, R1 is C5-20 alkenyl. In certain embodiments, R1 is C18 alkenyl. 

In some embodiments, R1 is linoleyl. 

In certain embodiments, R1 is branched (e.g., decan-2-yl, undecan-3-yl, dodecan-4-yl, 25 

tridecan-5-yl, tetradecan-6-yl, 2-methylundecan-3-yl, 2-methyldecan-2-yl, 3-methylundecan-

3-yl, 4-methyldodecan-4-yl, or heptadeca-9-yl). In certain embodiments, R1 is 

. 

In certain embodiments, R1 is unsubstituted C5-20 alkyl or C5-20 alkenyl. In certain 

embodiments, R’ is substituted C5-20 alkyl or C5-20 alkenyl (e.g., substituted with a C3-6 30 

carbocycle such as 1-cyclopropylnonyl). 

In other embodiments, R1 is -R”M’R’. 
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In some embodiments, R’ is selected from -R*YR” and -YR”. In some embodiments, 

Y is C3-8 cycloalkyl. In some embodiments, Y is C6-10 aryl. In some embodiments, Y is a 

cyclopropyl group. In some embodiments, Y is a cyclohexyl group. In certain embodiments, 

R* is C1 alkyl.  

In some embodiments, R” is selected from the group consisting of C3-12 alkyl and 5 

C3-12 alkenyl. In some embodiments, R” adjacent to Y is C1 alkyl. In some embodiments, R” 

adjacent to Y is C4-9 alkyl (e.g., C4, C5, C6, C7 or C8 or C9 alkyl).  

In some embodiments, R’ is selected from C4 alkyl and C4 alkenyl. In certain 

embodiments, R’ is selected from C5 alkyl and C5 alkenyl. In some embodiments, R’ is 

selected from C6 alkyl and C6 alkenyl. In some embodiments, R’ is selected from C7 alkyl 10 

and C7 alkenyl. In some embodiments, R’ is selected from C9 alkyl and C9 alkenyl.  

In other embodiments, R’ is selected from C11 alkyl and C11 alkenyl. In other 

embodiments, R’ is selected from C12 alkyl, C12 alkenyl, C13 alkyl, C13 alkenyl, C14 alkyl, C14 

alkenyl, C15 alkyl, C15 alkenyl, C16 alkyl, C16 alkenyl, C17 alkyl, C17 alkenyl, C18 alkyl, and 

C18 alkenyl. In certain embodiments, R’ is branched (e.g., decan-2-yl, undecan-3-yl, dodecan-15 

4-yl, tridecan-5-yl, tetradecan-6-yl, 2-methylundecan-3-yl, 2-methyldecan-2-yl, 3-

methylundecan-3-yl, 4-methyldodecan-4-yl or heptadeca-9-yl). In certain embodiments, R’ is 

.  

In certain embodiments, R’ is unsubstituted C1-18 alkyl. In certain embodiments, R’ is 

substituted C1-18 alkyl (e.g., C1-15 alkyl substituted with a C3-6 carbocycle such as 1-20 

cyclopropylnonyl). 

In some embodiments, R” is selected from the group consisting of C3-14 alkyl and 

C3-14 alkenyl. In some embodiments, R” is C3 alkyl, C4 alkyl, C5 alkyl, C6 alkyl, C7 alkyl, or 

C8 alkyl. In some embodiments, R” is C9 alkyl, C10 alkyl, C11 alkyl, C12 alkyl, C13 alkyl, or 

C14 alkyl. 25 

In some embodiments, M’ is -C(O)O-. In some embodiments, M’ is -OC(O)-. 

In other embodiments, M’ is an aryl group or heteroaryl group. For example, M’ can 

be selected from the group consisting of phenyl, oxazole, and thiazole. 

In some embodiments, M is -C(O)O- In some embodiments, M is -OC(O)-. In some 

embodiments, M is -C(O)N(R’)-. In some embodiments, M is -P(O)(OR’)O-. 30 

In other embodiments, M is an aryl group or heteroaryl group. For example, M can be 

selected from the group consisting of phenyl, oxazole, and thiazole. 
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In some embodiments, M is the same as M’. In other embodiments, M is different 

from M’. 

In some embodiments, each R5 is H. In certain such embodiments, each R6 is also H. 

In some embodiments, R7 is H. In other embodiments, R7 is C1-3 alkyl (e.g., methyl, 

ethyl, propyl, or i-propyl). 5 

In some embodiments, R2 and R3 are independently C5-14 alkyl or C5-14 alkenyl.  

In some embodiments, R2 and R3 are the same. In some embodiments, R2 and R3 are 

C8 alkyl. In certain embodiments, R2 and R3 are C2 alkyl. In other embodiments, R2 and R3 

are C3 alkyl. In some embodiments, R2 and R3 are C4 alkyl. In certain embodiments, R2 and 

R3 are C5 alkyl. In other embodiments, R2 and R3 are C6 alkyl. In some embodiments, R2 and 10 

R3 are C7 alkyl.  

In other embodiments, R2 and R3 are different. In certain embodiments, R2 is C8 alkyl. 

In some embodiments, R3 is C1-7 (e.g., C1, C2, C3, C4, C5, C6, or C7 alkyl) or C9 alkyl.  

In some embodiments, R7 and R3 are H. 

In certain embodiments, R2 is H. 15 

In some embodiments, m is 5, 7, or 9. 

In some embodiments, R4 is selected from -(CH2)nQ and -(CH2)nCHQR.  

In some embodiments, Q is selected from the group consisting of -OR, -OH, 

-O(CH2)nN(R)2, -OC(O)R, -CX3, -CN, -N(R)C(O)R, -N(H)C(O)R, -N(R)S(O)2R, 

-N(H)S(O)2R, -N(R)C(O)N(R)2, -N(H)C(O)N(R)2, -N(H)C(O)N(H)(R), -N(R)C(S)N(R)2, 20 

-N(H)C(S)N(R)2, -N(H)C(S)N(H)(R), -C(R)N(R)2C(O)OR, a carbocycle, and a heterocycle.  

In certain embodiments, Q is -OH.  

In certain embodiments, Q is a substituted or unsubstituted 5- to 10- membered 

heteroaryl, e.g., Q is an imidazole, a pyrimidine, a purine, 2-amino-1,9-dihydro-6H-purin-6-

one-9-yl (or guanin-9-yl), adenin-9-yl, cytosin-1-yl, or uracil-1-yl. In certain embodiments, Q 25 

is a substituted 5- to 14-membered heterocycloalkyl, e.g., substituted with one or more 

substituents selected from oxo (=O), OH, amino, and C1-3 alkyl. For example, Q is 4-

methylpiperazinyl, 4-(4-methoxybenzyl)piperazinyl, or isoindolin-2-yl-1,3-dione.  

In certain embodiments, Q is an unsubstituted or substituted C6-10 aryl (such as 

phenyl) or C3-6 cycloalkyl.  30 

In some embodiments, n is 1. In other embodiments, n is 2. In further embodiments, n 

is 3. In certain other embodiments, n is 4. For example, R4 can be -(CH2)2OH. For example, 

R4 can be -(CH2)3OH. For example, R4 can be -(CH2)4OH. For example, R4 can be benzyl. 

For example, R4 can be 4-methoxybenzyl. 
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In some embodiments, R4 is a C3-6 carbocycle. In some embodiments, R4 is a C3-6 

cycloalkyl. For example, R4 can be cyclohexyl optionally substituted with e.g., OH, halo, C1-6 

alkyl, etc. For example, R4 can be 2-hydroxycyclohexyl.  

In some embodiments, R is H. 

In some embodiments, R is unsubstituted C1-3 alkyl or unsubstituted C2-3 alkenyl. For 5 

example, R4 can be -CH2CH(OH)CH3 or -CH2CH(OH)CH2CH3. 

In some embodiments, R is substituted C1-3 alkyl, e.g., CH2OH. For example, 

R4 can be -CH2CH(OH)CH2OH. 

In some embodiments, R2 and R3, together with the atom to which they are attached, 

form a heterocycle or carbocycle. In some embodiments, R2 and R3, together with the atom to 10 

which they are attached, form a 5- to 14- membered aromatic or non-aromatic heterocycle 

having one or more heteroatoms selected from N, O, S, and P. In some embodiments, R2 and 

R3, together with the atom to which they are attached, form an optionally substituted C3-20 

carbocycle (e.g., C3-18 carbocycle, C3-15 carbocycle, C3-12 carbocycle, or C3-10 carbocycle), 

either aromatic or non-aromatic. In some embodiments, R2 and R3, together with the atom to 15 

which they are attached, form a C3-6 carbocycle. In other embodiments, R2 and R3, together 

with the atom to which they are attached, form a C6 carbocycle, such as a cyclohexyl or 

phenyl group. In certain embodiments, the heterocycle or C3-6 carbocycle is substituted with 

one or more alkyl groups (e.g., at the same ring atom or at adjacent or non-adjacent ring 

atoms). For example, R2 and R3, together with the atom to which they are attached, can form 20 

a cyclohexyl or phenyl group bearing one or more C5 alkyl substitutions. In certain 

embodiments, the heterocycle or C3-6 carbocycle formed by R2 and R3, is substituted with a 

carbocycle groups. For example, R2 and R3, together with the atom to which they are 

attached,  can form a cyclohexyl or phenyl group that is substituted with cyclohexyl. In some 

embodiments, R2 and R3, together with the atom to which they are attached, form a C7-15 25 

carbocycle, such as a cycloheptyl, cyclopentadecanyl, or naphthyl group. 

In some embodiments, R4 is selected from -(CH2)nQ and -(CH2)nCHQR. In some 

embodiments, Q is selected from the group consisting of -OR, -OH, -O(CH2)nN(R)2, 

-OC(O)R, -CX3, -CN, -N(R)C(O)R, -N(H)C(O)R, -N(R)S(O)2R, -N(H)S(O)2R, 

-N(R)C(O)N(R)2, -N(H)C(O)N(R)2, -N(H)C(O)N(H)(R), -N(R)C(S)N(R)2, -N(H)C(S)N(R)2, 30 

-N(H)C(S)N(H)(R), and a heterocycle. In other embodiments, Q is selected from the group 

consisting of an imidazole, a pyrimidine, and a purine. 

In some embodiments, R2 and R3, together with the atom to which they are attached, 

form a heterocycle or carbocycle. In some embodiments, R2 and R3, together with the atom to 
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which they are attached, form a C3-6 carbocycle, such as a phenyl group. In certain 

embodiments, the heterocycle or C3-6 carbocycle is substituted with one or more alkyl groups 

(e.g., at the same ring atom or at adjacent or non-adjacent ring atoms). For example, R2 and 

R3, together with the atom to which they are attached,  can form a phenyl group bearing one 

or more C5 alkyl substitutions. 5 

In some embodiments, the pharmaceutical compositions of the present 

disclosure, the compound of formula (I) is selected from the group consisting of:  

 (Compound 1), 

 (Compound 2), 

 (Compound 3),  10 

 (Compound 4), 

 (Compound 5), 

 (Compound 6), 

 (Compound 7), 

 (Compound 8), 15 
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 (Compound 9), 

 (Compound 10), 

 (Compound 11), 

 (Compound 12), 

 (Compound 13), 5 

 (Compound 14), 

 (Compound 15), 
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 (Compound 16), 

 (Compound 17), 

 (Compound 18), 

 (Compound 19), 

 (Compound 20), 5 

 (Compound 21), 

 (Compound 22), 
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 (Compound 23), 

 (Compound 24), 

 (Compound 25), 

 (Compound 26), 

 (Compound 27), 5 

 (Compound 28), 

 (Compound 29), 
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 (Compound 30), 

 (Compound 31), 

 (Compound 32), 

 (Compound 33), 

 (Compound 34), 5 

 (Compound 35), 

 (Compound 36), 

 (Compound 37), 



  MDN-015PC 

149 

 (Compound 38), 

 (Compound 39), 

 (Compound 40), 

 (Compound 41), 

 (Compound 42), 5 

 (Compound 43), 

 (Compound 44), 
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 (Compound 45), 

 (Compound 46), 

 (Compound 47), 

 (Compound 48), 

 (Compound 49), 5 

 (Compound 50), 

 (Compound 51), 
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 (Compound 52), 

 (Compound 53), 

 (Compound 54), 

 (Compound 55), 

 (Compound 56), 5 

 (Compound 57), 

 (Compound 58), 
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 (Compound 59), 

 (Compound 60), 

 (Compound 61), 

 (Compound 62), 

 (Compound 63), 5 

 (Compound 64), 

 (Compound 65), 

 (Compound 66), 
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 (Compound 67), 

 (Compound 68), 

 (Compound 69), 

 (Compound 70), 

 (Compound 71), 5 

 (Compound 72), 

 (Compound 73), 

 (Compound 74), 
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 (Compound 75), 

 (Compound 76), 

 (Compound 77), 

 (Compound 78), 

 (Compound 79), 5 

 (Compound 80), 

 (Compound 81), 

 (Compound 82), 

HO
N

O

O

O

O
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 (Compound 83), 

 (Compound 84), 

 (Compound 85), 

 (Compound 86), 

 (Compound 87), 5 

 (Compound 88), 

 (Compound 89), 

 (Compound 90), 
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 (Compound 91), 

 (Compound 92), 

 (Compound 93), 

 (Compound 94), 

 (Compound 95), 5 

 (Compound 96), 

 (Compound 97), 

 (Compound 98), 

HO
N

O

O

O

O

HO
N

O

O

O

O
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 (Compound 99), 

 (Compound 100), 

 (Compound 101), 

 (Compound 

102), 5 

 (Compound 103), 

 (Compound 104), 

 (Compound 105),  
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 (Compound 106), 

 (Compound 107), 

 (Compound 108), 

 (Compound 109), 

 (Compound 110), 5 

 (Compound 111), 

 (Compound 112), 

N
O

O

O

O

H
NN

O

N
O

O

O

O

H
N

H
N

O
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 (Compound 113), 

 (Compound 114), 

 (Compound 115), 

 (Compound 116), 

 (Compound 117), 5 

 (Compound 118), 

 (Compound 119), 

 (Compound 120), 
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 (Compound 121), 

 (Compound 122), 

 (Compound 123), 

 (Compound 124), 

 (Compound 125), 5 

 (Compound 126), 

 (Compound 127), 

 (Compound 128), 
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 (Compound 129), 

 (Compound 130), 

 (Compound 131), 

 (Compound 132), 

 (Compound 133), 5 

 (Compound 134),  

 (Compound 135), 
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 (Compound 136),  

 (Compound 137), 

 (Compound 138), 

 (Compound 139), 

 (Compound 140), 5 

 (Compound 141), 

 (Compound 142),  

 (Compound 143),  
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 (Compound 144), 

 (Compound 145), 

 (Compound 146), 

 (Compound 147), 

   (Compound 148), 5 

    (Compound 149), 

    (Compound 150), 

HO
N

O

O

N

O
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   (Compound 151), 

   (Compound 152), 

   (Compound 153), 

 (Compound 154), 

   (Compound 155), 5 

   (Compound 156), 

   (Compound 157), 
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  (Compound 158), 

  (Compound 159), 

   (Compound 160), 

   (Compound 161), 

   (Compound 162),  5 
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   (Compound 163), 

   (Compound 164), 

   (Compound 165), 

   (Compound 166), 

   (Compound 167), 5 

 (Compound 168), 
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 (Compound 169), 

  (Compound 170), 

   (Compound 171), 

   (Compound 172),  

  (Compound 173), 5 

  (Compound 174), 
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 (Compound 175), 

  (Compound 176), 

(Compound 177), 

 (Compound 178), 

  (Compound 179), 5 

   (Compound 180), 

  (Compound 181), 
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(Compound 182),  

   (Compound 183), 

   (Compound 184), 

   (Compound 185), 

   (Compound 186), 5 

    (Compound 187), 

    (Compound 188), 
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    (Compound 189), 

    (Compound 190), 

    (Compound 191), 

    (Compound 192), 

  (Compound 193), 5 

  (Compound 194), 

   (Compound 195), 

   (Compound 196), 
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 (Compound 197), 

  (Compound 198), 

   (Compound 199), 

   (Compound 200), 

  (Compound 201), 5 

   (Compound 202), 

   (Compound 203), 
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   (Compound 204), 

 (Compound 205), 

   (Compound 206), 

   (Compound 207), 

   (Compound 208), 5 

   (Compound 209), 

   (Compound 210), 
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   (Compound 211), 

   (Compound 212), 

   (Compound 213), 

    (Compound 214), 

    (Compound 215), 5 

     (Compound 216), 

     (Compound 217), 

   (Compound 218), 



  MDN-015PC 

174 

   (Compound 219), 

   (Compound 220), 

   (Compound 221),  

   (Compound 222), 

   (Compound 223), 5 

   (Compound 224), 

   (Compound 225),  
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  (Compound 226),  

   (Compound 227),  

   (Compound 228),  

   (Compound 229),  

  (Compound 230), 5 

   (Compound 231),  

   (Compound 232), 

and salts and isomers thereof. 

 

In other embodiments, the compound of Formula (I) is selected from the group 10 

consisting of Compound 1-Compound 147, or salt or stereoisomers thereof. 



  MDN-015PC 

176 

In some embodiments ionizable lipids including a central piperazine moiety are 

provided. The lipids described herein may be advantageously used in lipid nanoparticle 

compositions for the delivery of therapeutic and/or prophylactic agents to mammalian cells or 

organs. For example, the lipids described herein have little or no immunogenicity.  For 

example, the lipid compounds disclosed hereinhave a lower immunogenicity as compared to 5 

a reference lipid (e.g., MC3, KC2, or DLinDMA).  For example, a formulation comprising a 

lipid disclosed herein and a therapeutic or prophylactic agent has an increased therapeutic 

index as compared to a corresponding formulation which comprises a reference lipid (e.g., 

MC3, KC2, or DLinDMA) and the same therapeutic or prophylactic agent. 

In some embodiments, the delivery agent comprises a lipid compound having the 10 

formula (III) 

  (III), 

or salts or stereoisomers thereof, wherein 

ring A is  or ; 

t is 1 or 2;  15 

A1 and A2 are each independently selected from CH or N; 

Z is CH2 or absent wherein when Z is CH2, the dashed lines (1) and (2) each represent 

a single bond; and when Z is absent, the dashed lines (1) and (2) are both absent; 

R1, R2, R3, R4, and R5 are independently selected from the group consisting of C5-20 

alkyl, C5-20 alkenyl, -R”MR’, -R*YR”, -YR”, and -R*OR”; 20 

each M is independently selected from the group consisting of -C(O)O-, -OC(O)-, 

-OC(O)O-, -C(O)N(R’)-, -N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, 

-P(O)(OR’)O-, -S(O)2-, an aryl group, and a heteroaryl group; 

X1, X2, and X3 are independently selected from the group consisting of a bond, -CH2-, 

-(CH2)2-, -CHR-, -CHY-, -C(O)-, -C(O)O-, -OC(O)-, -C(O)-CH2-, -CH2-C(O)-, -C(O)O-25 

CH2-, -OC(O)-CH2-, -CH2-C(O)O-, -CH2-OC(O)-, -CH(OH)-, -C(S)-, and -CH(SH -; 
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each Y is independently a C3-6 carbocycle; 

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 

each R is independently selected from the group consisting of C1-3 alkyl and a C3-6 

carbocycle; 5 

each R’ is independently selected from the group consisting of C1-12 alkyl, C2-12 

alkenyl, and H; and 

each R” is independently selected from the group consisting of C3-12 alkyl and C3-12 

alkenyl, 

wherein when ring A is , then   10 

i) at least one of X1, X2, and X3 is not -CH2-; and/or 

ii) at least one of R1, R2, R3, R4, and R5 is -R”MR’. 

In some embodiments, the compound is of any of formulae (IIIa1)-(IIIa6): 

  (IIIa1),  

  (IIIa2), 15 

  (IIIa3),  
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  (IIIa4),  

  (IIIa5),  or 

  (IIIa6). 

The compounds of Formula (III) or any of (IIIa1)-( IIIa6) include one or more of the 

following features when applicable. 5 

In some embodiments, ring A is . 

In some embodiments, ring A is  or . 

In some embodiments, ring A is . 

In some embodiments, ring A is . 
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In some embodiments, ring A is  , , or 

. 

In some embodiments, ring A is  or  

wherein ring, in which the N atom is connected with X2. 

In some embodiments, Z is CH2. 5 

In some embodiments, Z is absent.  

In some embodiments, at least one of A1 and A2 is N.  

In some embodiments, each of A1 and A2 is N. 

In some embodiments, each of A1 and A2 is CH. 

In some embodiments, A1 is N and A2 is CH. 10 

In some embodiments, A1 is CH and A2 is N. 

In some embodiments, at least one of X1, X2, and X3 is not -CH2-.  For example, in 

certain embodiments, X1 is not -CH2-.  In some embodiments, at least one of X1, X2, and X3 

is -C(O)-. 

In some embodiments, X2 is -C(O)-, -C(O)O-, -OC(O)-, -C(O)-CH2-, -CH2-C(O)-, 15 

-C(O)O-CH2-, -OC(O)-CH2-, -CH2-C(O)O-, or -CH2-OC(O)-.  

In some embodiments, X3 is -C(O)-, -C(O)O-, -OC(O)-, -C(O)-CH2-, -CH2-C(O)-, 

-C(O)O-CH2-, -OC(O)-CH2-, -CH2-C(O)O-, or -CH2-OC(O)-.  In other embodiments, X3 is -

CH2-.  

In some embodiments, X3 is a bond or –(CH2)2-. 20 

In some embodiments, R1 and R2 are the same.  In certain embodiments, R1, R2, and 

R3 are the same.  In some embodiments, R4 and R5 are the same.  In certain embodiments, R1, 

R2, R3, R4, and R5 are the same. 

In some embodiments, at least one of R1, R2, R3, R4, and R5 is -R”MR’.  In some 

embodiments, at most one of R1, R2, R3, R4, and R5 is -R”MR’.  For example, at least one of 25 
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R1, R2, and R3 may be -R”MR’, and/or at least one of R4 and R5 is -R”MR’.  In certain 

embodiments, at least one M is -C(O)O-.  In some embodiments, each M is -C(O)O-. In some 

embodiments, at least one M is -OC(O)-.  In some embodiments, each M is -OC(O)-.  In 

some embodiments, at least one M is -OC(O)O-. In some embodiments, each M is -OC(O)O-.  

In some embodiments, at least one R” is C3 alkyl.  In certain embodiments, each R” is C3 5 

alkyl. In some embodiments, at least one R” is C5 alkyl.  In certain embodiments, each R” is 

C5 alkyl. In some embodiments, at least one R” is C6 alkyl.  In certain embodiments, each R” 

is C6 alkyl. In some embodiments, at least one R” is C7 alkyl.  In certain embodiments, each 

R” is C7 alkyl. In some embodiments, at least one R’ is C5 alkyl.  In certain embodiments, 

each R’ is C5 alkyl.  In other embodiments, at least one R’ is C1 alkyl.  In certain 10 

embodiments, each R’ is C1 alkyl.  In some embodiments, at least one R’ is C2 alkyl.  In 

certain embodiments, each R’ is C2 alkyl. 

In some embodiments, at least one of R1, R2, R3, R4, and R5 is C12 alkyl.  In certain 

embodiments, each of R1, R2, R3, R4, and R5 are C12 alkyl. 

In certain embodiments, the compound is selected from the group consisting of: 15 

 

 (Compound 233), 

 (Compound 234), 20 

 (Compound 235), 

 (Compound 236), 
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 (Compound 237), 

 (Compound 238), 

 (Compound 239), 

 (Compound 240), 

 Compound 241), 5 

 (Compound 

242), 

 (Compound 243), 

10 

 (Compound 244), 
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 (Compound 245), 

 (Compound 

246), 

 5 

 (Compound 247),  

 

 (Compound 248), 

 (Compound 274), 

 (Compound 10 

275), 
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 (Compound 276), 

 (Compound 277), 

 (Compound 278), 

 (Compound 279), 

 (Compound 280), 5 

 (Compound 281), 



  MDN-015PC 

184 

 (Compound 282), 

 

 (Compound 283), 

 (Compound 

284), 5 

 (Compound 285), 

 (Compound 286), 

 (Compound 287), 
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 (Compound 288), 

 (Compound 289), 

 (Compound 290), 

 (Compound 291), 

 (Compound 292), 5 

 (Compound 293), 
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 (Compound 

294), 

 (Compound 295), 

 (Compound 296), 

N

O

O
N

O
N

N

 (Compound 297), 5 

 (Compound 

298), 

 (Compound 300), 
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 (Compound 301), 

 (Compound 302), 

 (Compound 303), 

 (Compound 

304),  5 

 

 (Compound 305), 

 (Compound 

306), 
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O

O
N

N

N

O

O

 (Compound 

307), 

 

 

 (Compound 308), 5 

             

 (Compound 310), 

 (Compound 311), 

 (Compound 10 

312), 

 (Compound 313), 
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 (Compound 314), 

 (Compound 

315), 

 (Compound 316), 

 (Compound 317), 5 

 (Compound 318),  

 (Compound 319),  

  (Compound 320), 
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 (Compound 

321),  

 (Compound 

322), 

 (Compound 5 

323), 

 (Compound 

324), 

 (Compound 325), 

 (Compound 326),  10 

 (Compound 327), 

 (Compound 328), 
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 (Compound 329), 

 (Compound 330), 

 (Compound 331), 

 (Compound 332), 

 (Compound 333), 5 

 (Compound 334), 

 (Compound 

335), 

 (Compound 336), 

 (Compound 337), 10 

 (Compound 338), 

 (Compound 339),  
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 (Compound 340), 

and 

 (Compound 341). 

In some embodiments, the delivery agent comprises Compound 236. 

In some embodiments, the delivery agent comprises a compound having the formula 5 

(IV) 

  (IV), 

or salts or stereoisomer thereof, wherein  

A1 and A2 are each independently selected from CH or N and at least one of A1 and 

A2 is N; 10 

Z is CH2 or absent wherein when Z is CH2, the dashed lines (1) and (2) each represent 

a single bond; and when Z is absent, the dashed lines (1) and (2) are both absent; 

R1, R2, R3, R4, and R5 are independently selected from the group consisting of C6-20 

alkyl and C6-20 alkenyl; 

wherein when ring A is , then 15 

i) R1, R2, R3, R4, and R5 are the same, wherein R1 is not C12 alkyl, C18 alkyl, or C18 

alkenyl; 

ii) only one of R1, R2, R3, R4, and R5 is selected from C6-20 alkenyl; 
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iii) at least one of R1, R2, R3, R4, and R5 have a different number of carbon atoms than 

at least one other of R1, R2, R3, R4, and R5;  

iv) R1, R2, and R3 are selected from C6-20 alkenyl, and R4 and R5 are selected from 

C6-20 alkyl; or 

v) R1, R2, and R3 are selected from C6-20 alkyl, and R4 and R5 are selected from C6-20 5 

alkenyl. 

In some embodiments, the compound is of formula (IVa): 

  (IVa). 

The compounds of Formula (IV) or (IVa) include one or more of the following 

features when applicable. 10 

In some embodiments, Z is CH2. 

In some embodiments, Z is absent.  

In some embodiments, at least one of A1 and A2 is N.  

In some embodiments, each of A1 and A2 is N. 

In some embodiments, each of A1 and A2 is CH. 15 

In some embodiments, A1 is N and A2 is CH. 

In some embodiments, A1 is CH and A2 is N. 

In some embodiments, R1, R2, R3, R4, and R5 are the same, and are not C12 alkyl, C18 

alkyl, or C18 alkenyl.  In some embodiments, R1, R2, R3, R4, and R5 are the same and are C9 

alkyl or C14 alkyl. 20 

In some embodiments, only one of R1, R2, R3, R4, and R5 is selected from C6-20 

alkenyl.  In certain such embodiments, R1, R2, R3, R4, and R5 have the same number of 

carbon atoms.  In some embodiments, R4 is selected from C5-20 alkenyl.  For example, R4 may 

be C12 alkenyl or C18 alkenyl. 

In some embodiments, at least one of R1, R2, R3, R4, and R5 have a different number 25 

of carbon atoms than at least one other of R1, R2, R3, R4, and R5.   

In certain embodiments, R1, R2, and R3 are selected from C6-20 alkenyl, and R4 and R5 

are selected from C6-20 alkyl.  In other embodiments, R1, R2, and R3 are selected from C6-20 
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alkyl, and R4 and R5 are selected from C6-20 alkenyl.  In some embodiments, R1, R2, and R3 

have the same number of carbon atoms, and/or R4 and R5 have the same number of carbon 

atoms.  For example, R1, R2, and R3, or R4 and R5, may have 6, 8, 9, 12, 14, or 18 carbon 

atoms.  In some embodiments, R1, R2, and R3, or R4 and R5, are C18 alkenyl (e.g., linoleyl).  

In some embodiments, R1, R2, and R3, or R4 and R5, are alkyl groups including 6, 8, 9, 12, or 5 

14 carbon atoms. 

In some embodiments, R1 has a different number of carbon atoms than R2, R3, R4, and 

R5.  In other embodiments, R3 has a different number of carbon atoms than R1, R2, R4, and 

R5.  In further embodiments, R4 has a different number of carbon atoms than R1, R2, R3, and 

R5. 10 

In some embodiments, the compound is selected from the group consisting of: 

 (Compound 249), 

 (Compound 250), 

 (Compound 

251), 15 

 (Compound 

252), 

 (Compound 253), 
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 (Compound 254), 

 (Compound 

255), 

 (Compound 256),  5 

 (Compound 257), 

 (Compound 258), 

10 

(Compound 259), 

(Compound 260), 
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(Compound 261), 

(Compound 

262), 

5 

(Compound 263), 

(Compound 264), 

(Compound 265), and 10 

(Compound 266). 

In other embodiments, the delivery agent comprises a compound having the formula 

(V) 

  (V), 15 
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or salts or stereoisomers thereof, in which 

A3 is CH or N; 

A4 is CH2 or NH; and at least one of A3 and A4 is N or NH; 

Z is CH2 or absent wherein when Z is CH2, the dashed lines (1) and (2) each represent 

a single bond; and when Z is absent, the dashed lines (1) and (2) are both absent; 5 

R1, R2, and R3 are independently selected from the group consisting of C5-20 alkyl, C5-

20 alkenyl, -R”MR’, -R*YR”, -YR”, and -R*OR”; 

each M is independently selected from -C(O)O-, -OC(O)-, -C(O)N(R’)-, -N(R’)C(O)-, 

-C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, -S(O)2-, an aryl group, and a 

heteroaryl group; 10 

X1 and X2 are independently selected from the group consisting of -CH2-, -(CH2)2-, 

-CHR-, -CHY-, -C(O)-, -C(O)O-, -OC(O)-, -C(O)-CH2-, -CH2-C(O)-, -C(O)O-CH2-, 

-OC(O)-CH2-, -CH2-C(O)O-, -CH2-OC(O)-, -CH(OH)-, -C(S)-, and -CH(SH) -; 

each Y is independently a C3-6 carbocycle; 

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 15 

alkenyl; 

each R is independently selected from the group consisting of C1-3 alkyl and a C3-6 

carbocycle; 

each R’ is independently selected from the group consisting of C1-12 alkyl, C2-12 

alkenyl, and H; and 20 

each R” is independently selected from the group consisting of C3-12 alkyl and C3-12 

alkenyl. 

In some embodiments, the compound is of formula (Va): 

  (Va). 

The compounds of Formula (V) or (Va) include one or more of the following features 25 

when applicable. 

In some embodiments, Z is CH2. 

In some embodiments, Z is absent.  

In some embodiments, at least one of A3 and A4 is N or NH.  

In some embodiments, A3 is N and A4 is NH. 30 

In some embodiments, A3 is N and A4 is CH2. 
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In some embodiments, A3 is CH and A4 is NH. 

In some embodiments, at least one of X1 and X2 is not -CH2-.  For example, in certain 

embodiments, X1 is not -CH2-.  In some embodiments, at least one of X1 and X2 is -C(O)-. 

In some embodiments, X2 is -C(O)-, -C(O)O-, -OC(O)-, -C(O)-CH2-, -CH2-C(O)-, 

-C(O)O-CH2-, -OC(O)-CH2-, -CH2-C(O)O-, or -CH2-OC(O)-.  5 

In some embodiments, R1, R2, and R3 are independently selected from the group 

consisting of C5-20 alkyl and C5-20 alkenyl.  In some embodiments, R1, R2, and R3 are the 

same.  In certain embodiments, R1, R2, and R3 are C6, C9, C12, or C14 alkyl.  In other 

embodiments, R1, R2, and R3 are C18 alkenyl.  For example, R1, R2, and R3 may be linoleyl. 

In some embodiments, the compound is selected from the group consisting of: 10 

 (Compound 267), 

 (Compound 268),

 (Compound 269), 

 (Compound 270), 

 (Compound 271), 15 

 (Compound 272),  

 (Compound 273), and 

 (Compound 309). 

In other embodiments, the delivery agent comprises a compound having the formula 

(VI): 20 
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  (VI), 

or salts or stereoisomers thereof, in which 

A6 and A7 are each independently selected from CH or N, wherein at least one of A6 

and A7 is N; 

Z is  CH2 or absent wherein when Z is CH2, the dashed lines (1) and (2) each 5 

represent a single bond; and when Z is absent, the dashed lines (1) and (2) are both absent; 

X4 and X5 are independently selected from the group consisting of -CH2-, -CH2)2-, 

-CHR-, -CHY-, -C(O)-, -C(O)O-, -OC(O)-, -C(O)-CH2-, -CH2-C(O)-, -C(O)O-CH2-, -OC(O)-

CH2-, -CH2-C(O)O-, -CH2-OC(O)-, -CH(OH)-, -C(S)-, and -CH(SH)-; 

R1, R2, R3, R4, and R5 each are independently selected from the group consisting of 10 

C5-20 alkyl, C5-20 alkenyl, -R”MR’, -R*YR”, -YR”, and -R*OR”; 

each M is independently selected from the group consisting of -C(O)O-, -OC(O)-, 

-C(O)N(R’)-, -N(R’)C(O)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(O)(OR’)O-, 

-S(O)2- an aryl group, and a heteroaryl group; 

each Y is independently a C3-6 carbocycle; 15 

each R* is independently selected from the group consisting of C1-12 alkyl and C2-12 

alkenyl; 

each R is independently selected from the group consisting of C1-3 alkyl and a C3-6 

carbocycle; 

each R’ is independently selected from the group consisting of C1-12 alkyl, C2-12 20 

alkenyl, and H; and 

each R” is independently selected from the group consisting of C3-12 alkyl and C3-12 

alkenyl. 

In some embodiments, R1, R2, R3, R4, and R5 each are independently selected from the 

group consisting of C6-20 alkyl and C6-20 alkenyl. 25 

In some embodiments, R1 and R2 are the same.  In certain embodiments, R1, R2, and 

R3 are the same.  In some embodiments, R4 and R5 are the same.  In certain embodiments, R1, 

R2, R3, R4, and R5 are the same. 
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In some embodiments, at least one of R1, R2, R3, R4, and R5 is C9-12 alkyl.  In certain 

embodiments, each of R1, R2, R3, R4, and R5 independently is C9, C12 or C14 alkyl.  In certain 

embodiments, each of R1, R2, R3, R4, and R5 is C9 alkyl. 

In some embodiments, A6 is N and A7 is N.  In some embodiments, A6 is CH and A7 

is N. 5 

In some embodiments, X4 is-CH2- and X5 is -C(O)-. In some embodiments, X4 and X5 

are -C(O)-.   

In some embodiments, when A6 is N and A7 is N, at least one of X4 and X5 is 

not -CH2-, e.g., at least one of X4 and X5  is -C(O)-. In some embodiments, when A6 is N and 

A7 is N, at least one of R1, R2, R3, R4, and R5 is -R”MR’.   10 

In some embodiments, at least one of R1, R2, R3, R4, and R5 is not -R”MR’. 

In some embodiments, the compound is 

 (Compound 299). 

In other embodiments, the delivery agent comprises a compound having the formula: 

15 

 (Compound 342). 

Amine moieties of the lipid compounds disclosed herein can be protonated under 

certain conditions.  For example, the central amine moiety of a lipid according to formula (I) 

is typically protonated (i.e., positively charged) at a pH below the pKa of the amino moiety 

and is substantially not charged at a pH above the pKa.  Such lipids  can be referred to 20 

ionizable amino lipids.  

In one specific embodiment, the ionizable amino lipid is Compound 18. In another 

embodiment, the ionizable amino lipid is Compound 236.   

In some embodiments, the amount the ionizable amino lipid, e.g., compound of 

formula (I) ranges from about 1 mol % to 99 mol % in the lipid composition.  25 

In one embodiment, the amount of the ionizable amino lipid, e.g., compound of 

formula (I) is at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
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21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 

46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 

71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 

96, 97, 98, or 99 mol % in the lipid composition.  

In one embodiment, the amount of the ionizable amino lipid, e.g., the compound of 5 

formula (I) ranges from about 30 mol % to about 70 mol %, from about 35 mol % to about 65 

mol %, from about 40 mol % to about 60 mol %, and from about 45 mol % to about 55 mol 

% in the lipid composition.  

In one specific embodiment, the amount of the ionizable amino lipid, e.g., compound 

of formula (I) is about 50 mol % in the lipid composition. 10 

In addition to the ionizable amino lipid disclosed herein, e.g., compound of formula 

(I), the lipid composition of the pharmaceutical compositions disclosed herein can comprise 

additional components such as phospholipids, structural lipids, PEG-lipids, and any 

combination thereof.  

 15 

b. Phospholipids 

The lipid composition of the pharmaceutical composition disclosed herein can comprise 

one or more phospholipids, for example, one or more saturated or (poly)unsaturated 

phospholipids or a combination thereof. In general, phospholipids comprise a phospholipid 

moiety and one or more fatty acid moieties.  20 

A phospholipid moiety  can be selected, for example, from the non-limiting group 

consisting of phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl glycerol, 

phosphatidyl serine, phosphatidic acid, 2-lysophosphatidyl choline, and a sphingomyelin.  

A fatty acid moiety  can be selected, for example, from the non-limiting group consisting 

of lauric acid, myristic acid, myristoleic acid, palmitic acid, palmitoleic acid, stearic acid, 25 

oleic acid, linoleic acid, alpha-linolenic acid, erucic acid, phytanoic acid, arachidic acid, 

arachidonic acid, eicosapentaenoic acid, behenic acid, docosapentaenoic acid, and 

docosahexaenoic acid. 

 Particular phospholipids  can facilitate fusion to a membrane. For example, a cationic 

phospholipid  can interact with one or more negatively charged phospholipids of a membrane 30 

(e.g., a cellular or intracellular membrane). Fusion of a phospholipid to a membrane  can 

allow one or more elements (e.g., a therapeutic agent) of a lipid-containing composition (e.g., 

LNPs) to pass through the membrane permitting, e.g., delivery of the one or more elements to 

a target tissue. 
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Non-natural phospholipid species including natural species with modifications and 

substitutions including branching, oxidation, cyclization, and alkynes are also contemplated. 

For example, a phospholipid  can be functionalized with or cross-linked to one or more 

alkynes (e.g., an alkenyl group in which one or more double bonds is replaced with a triple 

bond). Under appropriate reaction conditions, an alkyne group  can undergo a copper-5 

catalyzed cycloaddition upon exposure to an azide. Such reactions  can be useful in 

functionalizing a lipid bilayer of a nanoparticle composition to facilitate membrane 

permeation or cellular recognition or in conjugating a nanoparticle composition to a useful 

component such as a targeting or imaging moiety (e.g., a dye).  

Phospholipids include, but are not limited to, glycerophospholipids such as 10 

phosphatidylcholines, phosphatidylethanolamines, phosphatidylserines, 

phosphatidylinositols, phosphatidy glycerols, and phosphatidic acids. Phospholipids also 

include phosphosphingolipid, such as sphingomyelin.  

Examples of phospholipids include, but are not limited to, the following: 

,  15 

, 

, 

,  

, 

, 20 

, 

, 
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In certain embodiments, a phospholipid useful or potentially useful in the present 10 

invention is an analog or variant of DSPC (1,2-dioctadecanoyl-sn-glycero-3-phosphocholine). 

In certain embodiments, a phospholipid useful or potentially useful in the present invention is 

a compound of Formula (IX): 
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(IX), 

(or a salt thereof, wherein: 

each R1 is independently optionally substituted alkyl; or optionally two R1 are joined 

together with the intervening atoms to form optionally substituted monocyclic carbocyclyl or 

optionally substituted monocyclic heterocyclyl; or optionally three R1 are joined together with 5 

the intervening atoms to form optionally substituted bicyclic carbocyclyl or optionally 

substitute bicyclic heterocyclyl; 

n is 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10; 

m is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10; 

A is of the formula:  or ; 10 

each instance of L2 is independently a bond or optionally substituted C1-6 alkylene, 

wherein one methylene unit of the optionally substituted C1-6 alkylene is optionally replaced 

with -O-, -N(RN)-, -S-, -C(O)-, -C(O)N(RN)-, -NRNC(O)-, -C(O)O-, -OC(O)-, -OC(O)O-, 

-OC(O)N(RN)-, -NRNC(O)O-, or -NRNC(O)N(RN)-; 

each instance of R2 is independently optionally substituted C1-30 alkyl, optionally 15 

substituted C1-30 alkenyl, or optionally substituted C1-30 alkynyl; optionally wherein one or 

more methylene units of R2 are independently replaced with optionally substituted 

carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene, 

optionally substituted heteroarylene, -N(RN)-, -O-, -S-, -C(O)-, -C(O)N(RN)-, -NRNC(O)-, 

-NRNC(O)N(RN)-, -C(O)O-, -OC(O)-, -OC(O)O-, -OC(O)N(RN)-, -NRNC(O)O-, -C(O)S-, 20 

-SC(O)-, -C(=NRN)-, -C(=NRN)N(RN)-, -NRNC(=NRN)-, -NRNC(=NRN)N(RN)-, -C(S)-, 

-C(S)N(RN)-, -NRNC(S)-, -NRNC(S)N(RN)-, -S(O)-, -OS(O)-, -S(O)O-, -OS(O)O-, -OS(O)2-, 

-S(O)2O-, -OS(O)2O-, -N(RN)S(O)-, -S(O)N(RN)-, -N(RN)S(O)N(RN)-, -OS(O)N(RN)-, 

-N(RN)S(O)O-, -S(O)2-, -N(RN)S(O)2-, -S(O)2N(RN)-, -N(RN)S(O)2N(RN)-, -OS(O)2N(RN)-, 

or -N(RN)S(O)2O-; 25 

each instance of RN is independently hydrogen, optionally substituted alkyl, or a 

nitrogen protecting group; 

Ring B is optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optionally substituted aryl, or optionally substituted heteroaryl; and 

p is 1 or 2;  30 

provided that the compound is not of the formula:  
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, 

wherein each instance of R2 is independently unsubstituted alkyl, unsubstituted 

alkenyl, or unsubstituted alkynyl. 

i) Phospholipid Head Modifications 

In certain embodiments, a phospholipid useful or potentially useful in the present invention 5 

comprises a modified phospholipid head (e.g., a modified choline group). In certain embodiments, a 

phospholipid with a modified head is DSPC, or analog thereof, with a modified quaternary amine. 

For example, in embodiments of Formula (IX), at least one of R1 is not methyl. In certain 

embodiments, at least one of R1 is not hydrogen or methyl. In certain embodiments, the compound of 

Formula (IX) is of one of the following formulae: 10 

,  ,   , 

,  , 

or a salt thereof, wherein: 

each t is independently 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10; 

each u is independently 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10; and 15 

each v is independently 1, 2, or 3. 

In certain embodiments, the compound of Formula (IX) is of one of the following formulae: 
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,  , ,

,  ,  ,

, , , 

or a salt thereof. 

In certain embodiments, a compound of Formula (IX) is one of the following: 5 

O

O
O

O

O
P

O
N

O

O

 (Compound 400) 

 (Compound 401) 

O

O
O

O

O
P

O
N

O

O

 (Compound 402) 

 (Compound 403) 

 (Compound 404) 10 
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 (Compound 405) 

 (Compound 406) 

 (Compound 407) 

 (Compound 408) 

 (Compound 409), 5 

or a salt thereof. 

In certain embodiments, a compound of Formula (IX) is of Formula (IX-a): 

 

(IX-a), 

or a salt thereof. 10 

In certain embodiments, phospholipids useful or potentially useful in the present invention 

comprise a modified core. In certain embodiments, a phospholipid with a modified core described 

herein is DSPC, or analog thereof, with a modified core structure. For example, in certain 

embodiments of Formula (IX-a), group A is not of the following formula: 
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. 

In certain embodiments, the compound of Formula (IX-a) is of one of the following 

formulae: 

,  , 

,  , 5 

, 

or a salt thereof. 

In certain embodiments, a compound of Formula (IX) is one of the following: 
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, 

or salts thereof. 

In certain embodiments, a phospholipid useful or potentially useful in the present invention 

comprises a cyclic moiety in place of the glyceride moiety. In certain embodiments, a phospholipid 

useful in the present invention is DSPC (1,2-dioctadecanoyl-sn-glycero-3-phosphocholine), or 5 

analog thereof, with a cyclic moiety in place of the glyceride moiety. In certain embodiments, the 

compound of Formula (IX) is of Formula (IX-b): 

, 

(IX-b), 

or a salt thereof. 10 

In certain embodiments, the compound of Formula (IX-b) is of Formula (IX-b-1): 

  (IX-b-1), 
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or a salt thereof, wherein: 

w is 0, 1, 2, or 3. 

In certain embodiments, the compound of Formula (IX-b) is of Formula (IX-b-2): 

  (IX-b-2), 

or a salt thereof. 5 

In certain embodiments, the compound of Formula (IX-b) is of Formula (IX-b-3): 

  (IX-b-3), 

or a salt thereof. 

In certain embodiments, the compound of Formula (IX-b) is of Formula (IX-b-4): 

  (IX-b-4), 10 

or a salt thereof. 

In certain embodiments, the compound of Formula (IX-b) is one of the following: 

 

 

, 15 

or salts thereof. 

(ii) Phospholipid Tail Modifications 

In certain embodiments, a phospholipid useful or potentially useful in the present invention 

comprises a modified tail. In certain embodiments, a phospholipid useful or potentially useful in the 

present invention is DSPC (1,2-dioctadecanoyl-sn-glycero-3-phosphocholine), or analog thereof, 20 

with a modified tail. As described herein, a “modified tail” may be a tail with shorter or longer 

aliphatic chains, aliphatic chains with branching introduced, aliphatic chains with substituents 
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introduced, aliphatic chains wherein one or more methylenes are replaced by cyclic or heteroatom 

groups, or any combination thereof. For example, in certain embodiments, the compound of (IX) is 

of Formula (IX-a), or a salt thereof, wherein at least one instance of R2 is each instance of R2 is 

optionally substituted C1-30 alkyl, wherein one or more methylene units of R2 are independently 

replaced with optionally substituted carbocyclylene, optionally substituted heterocyclylene, 5 

optionally substituted arylene, optionally substituted heteroarylene, -N(RN)-, -O-, -S-, -C(O)-, 

-C(O)N(RN)-, -NRNC(O)-, -NRNC(O)N(RN)-, -C(O)O-, -OC(O)-, -OC(O)O-, -OC(O)N(RN)-, 

-NRNC(O)O-, -C(O)S-, -SC(O)-, -C(=NRN)-, -C(=NRN)N(RN)-, -NRNC(=NRN)-, 

-NRNC(=NRN)N(RN)-, -C(S)-, -C(S)N(RN)-, -NRNC(S)-, -NRNC(S)N(RN)-, -S(O)-, -OS(O)-, 

-S(O)O-, -OS(O)O-, -OS(O)2-, -S(O)2O-, -OS(O)2O-, -N(RN)S(O)-, -S(O)N(RN)-, 10 

-N(RN)S(O)N(RN)-, -OS(O)N(RN)-, -N(RN)S(O)O-, -S(O)2-, -N(RN)S(O)2-, -S(O)2N(RN)-, 

-N(RN)S(O)2N(RN)-, -OS(O)2N(RN)-, or -N(RN)S(O)2O-. 

In certain embodiments, the compound of Formula (IX) is of Formula (IX-c): 

  (IX-c), 

or a salt thereof,  wherein: 15 

each x is independently an integer between 0-30, inclusive; and 

each instance is G is independently selected from the group consisting of optionally 

substituted carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene, 

optionally substituted heteroarylene, -N(RN)-, -O-, -S-, -C(O)-, -C(O)N(RN)-, -NRNC(O)-, 

-NRNC(O)N(RN)-, -C(O)O-, -OC(O)-, -OC(O)O-, -OC(O)N(RN)-, -NRNC(O)O-, -C(O)S-, -SC(O)-, 20 

-C(=NRN)-, -C(=NRN)N(RN)-, -NRNC(=NRN)-, -NRNC(=NRN)N(RN)-, -C(S)-, -C(S)N(RN)-, 

-NRNC(S)-, -NRNC(S)N(RN)-, -S(O)-, -OS(O)-, -S(O)O-, -OS(O)O-, -OS(O)2-, -S(O)2O-, 

-OS(O)2O-, -N(RN)S(O)-, -S(O)N(RN)-, -N(RN)S(O)N(RN)-, -OS(O)N(RN)-, -N(RN)S(O)O-, -S(O)2-, 

-N(RN)S(O)2-, -S(O)2N(RN)-, -N(RN)S(O)2N(RN)-, -OS(O)2N(RN)-, or -N(RN)S(O)2O-. Each 

possibility represents a separate embodiment of the present invention. 25 

In certain embodiments, the compound of Formula (IX-c) is of Formula (IX-c-1): 

  (IX-c-1), 

or salt thereof, wherein: 
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each instance of v is independently 1, 2, or 3. 

In certain embodiments, the compound of Formula (IX-c) is of Formula (IX-c-2): 

  (IX-c-2), 

or a salt thereof. 

In certain embodiments, the compound of Formula (IX-c) is of the following formula: 5 

, 

or a salt thereof. 

In certain embodiments, the compound of Formula (IX-c) is the following: 

, 

or a salt thereof. 10 

In certain embodiments, the compound of Formula (IX-c) is of Formula (IX-c-3): 

  (IX-c-3), 

or a salt thereof. 

In certain embodiments, the compound of Formula (IX-c) is of the following formulae: 

, 15 

or a salt thereof. 
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In certain embodiments, the compound of Formula (IX-c) is the following: 

, 

or a salt thereof. 

In certain embodiments, a phospholipid useful or potentially useful in the present invention 

comprises a modified phosphocholine moiety, wherein the alkyl chain linking the quaternary amine 5 

to the phosphoryl group is not ethylene (e.g., n is not 2). Therefore, in certain embodiments, a 

phospholipid useful or potentially useful in the present invention is a compound of Formula (IX), 

wherein n is 1, 3, 4, 5, 6, 7, 8, 9, or 10. For example, in certain embodiments, a compound of 

Formula (IX) is of one of the following formulae: 

, , 10 

or a salt thereof. 

In certain embodiments, a compound of Formula (IX) is one of the following: 
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(Compound 414), 

or salts thereof. 

 

c. Alternative lipids 5 

In certain embodiments, an alternative lipid is used in place of a phospholipid of the 

invention.  Non-limiting examples of such alternative lipids include the following: 

, 

, 

,  10 

, 

, 
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d. Structural Lipids 

The lipid composition of a pharmaceutical composition disclosed herein can comprise 

one or more structural lipids. As used herein, the term “structural lipid” refers to sterols and 5 

also to lipids containing sterol moieties.  

Incorporation of structural lipids in the lipid nanoparticle may help mitigate aggregation 

of other lipids in the particle. Structural lipids can be selected from the group including but 

not limited to, cholesterol, fecosterol, sitosterol, ergosterol, campesterol, stigmasterol, 

brassicasterol, tomatidine, tomatine, ursolic acid, alpha-tocopherol, hopanoids, phytosterols, 10 

steroids, and mixtures thereof.  In some embodiments, the structural lipid is a sterol. As 

defined herein, “sterols” are a subgroup of steroids consisting of steroid alcohols. In certain 

embodiments, the structural lipid is a steroid. In certain embodiments, the structural lipid is 

cholesterol. In certain embodiments, the structural lipid is an analog of cholesterol. In certain 

embodiments, the structural lipid is alpha-tocopherol. Examples of structural lipids include, 15 

but are not limited to, the following: 

, 

, and 

. 



  MDN-015PC 

217 

In one embodiment, the amount of the structural lipid (e.g., an sterol such as cholesterol) 

in the lipid composition of a pharmaceutical composition disclosed herein ranges from about 

20 mol % to about 60 mol %, from about 25 mol % to about 55 mol %, from about 30 mol % 

to about 50 mol %, or from about 35 mol % to about 45 mol %.  

In one embodiment, the amount of the structural lipid (e.g., an sterol such as cholesterol) 5 

in the lipid composition disclosed herein ranges from about 25 mol % to about 30 mol %, 

from about 30 mol % to about 35 mol %, or from about 35 mol % to about 40 mol %.  

In one embodiment, the amount of the structural lipid (e.g., a sterol such as cholesterol) 

in the lipid composition disclosed herein is about 24 mol %, about 29 mol %, about 34 mol 

%, or about 39 mol %. 10 

In some embodiments, the amount of the structural lipid (e.g., an sterol such as 

cholesterol) in the lipid composition disclosed herein is at least about 20, 21, 22, 23, 24, 25, 

26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 

51, 52, 53, 54, 55, 56, 57, 58, 59, or 60 mol %. 

 15 

e.  Polyethylene Glycol (PEG)-Lipids 

The lipid composition of a pharmaceutical composition disclosed herein can comprise 

one or more a polyethylene glycol (PEG) lipid.  

As used herein, the term “PEG-lipid” refers to polyethylene glycol (PEG)-modified 

lipids. Non-limiting examples of PEG-lipids include PEG-modified 20 

phosphatidylethanolamine and phosphatidic acid, PEG-ceramide conjugates (e.g., PEG-

CerC14 or PEG-CerC20), PEG-modified dialkylamines and PEG-modified 1,2-

diacyloxypropan-3-amines. Such lipids are also referred to as PEGylated lipids. For example, 

a PEG lipid can be PEG-c-DOMG, PEG-DMG, PEG-DLPE, PEG-DMPE, PEG-DPPC, or a 

PEG-DSPE lipid.  25 

In some embodiments, the PEG-lipid includes, but not limited to 1,2-dimyristoyl-sn-

glycerol methoxypolyethylene glycol (PEG-DMG), 1,2-distearoyl-sn-glycero-3-

phosphoethanolamine-N-[amino(polyethylene glycol)] (PEG-DSPE), PEG-disteryl glycerol 

(PEG-DSG), PEG-dipalmetoleyl, PEG-dioleyl, PEG-distearyl, PEG-diacylglycamide (PEG-

DAG), PEG-dipalmitoyl phosphatidylethanolamine (PEG-DPPE), or PEG-l,2-30 

dimyristyloxlpropyl-3-amine (PEG-c-DMA).  

In one embodiment, the PEG-lipid is selected from the group consisting of a PEG-

modified phosphatidylethanolamine, a PEG-modified phosphatidic acid, a PEG-modified 
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ceramide, a PEG-modified dialkylamine, a PEG-modified diacylglycerol, a PEG-modified 

dialkylglycerol, and mixtures thereof. 

In some embodiments, the lipid moiety of the PEG-lipids includes those having lengths 

of from about C14 to about C22, preferably from about C14 to about C16. In some embodiments, 

a PEG moiety, for example an mPEG-NH2, has a size of about 1000, 2000, 5000, 10,000, 5 

15,000 or 20,000 daltons. In one embodiment, the PEG-lipid is PEG2k-DMG. 

In one embodiment, the lipid nanoparticles described herein can comprise a PEG lipid 

which is a non-diffusible PEG. Non-limiting examples of non-diffusible PEGs include PEG-

DSG and PEG-DSPE. 

PEG-lipids are known in the art, such as those described in U.S. Patent No. 8158601 and 10 

International Publ. No. WO 2015/130584 A2, which are incorporated herein by reference in 

their entirety.  

In general, some of the other lipid components (e.g., PEG lipids) of various formulae, 

described herein may be synthesized as described International Patent Application No. 

PCT/US2016/000129, filed December 10, 2016, entitled “Compositions and Methods for 15 

Delivery of Therapeutic Agents,” which is incorporated herein by reference in its entirety. 

The lipid component of a lipid nanoparticle composition may include one or more 

molecules comprising polyethylene glycol, such as PEG or PEG-modified lipids.  Such 

species may be alternately referred to as PEGylated lipids.  A PEG lipid is a lipid modified 

with polyethylene glycol.  A PEG lipid may be selected from the non-limiting group 20 

including PEG-modified phosphatidylethanolamines, PEG-modified phosphatidic acids, 

PEG-modified ceramides, PEG-modified dialkylamines, PEG-modified diacylglycerols, 

PEG-modified dialkylglycerols, and mixtures thereof.  For example, a PEG lipid may be 

PEG-c-DOMG, PEG-DMG, PEG-DLPE, PEG-DMPE, PEG-DPPC, or a PEG-DSPE lipid.  

In some embodiments the PEG-modified lipids are a modified form of PEG DMG. PEG-25 

DMG has the following structure: 

 

In one embodiment, PEG lipids useful in the present invention can be PEGylated lipids 

described in International Publication No. WO2012099755, the contents of which is 

incorporated herein by reference in its entirety. Any of these exemplary PEG lipids described 30 

herein may be modified to comprise a hydroxyl group on the PEG chain. In certain 
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embodiments, the PEG lipid is a PEG-OH lipid. As generally defined herein, a “PEG-OH 

lipid” (also referred to herein as “hydroxy-PEGylated lipid”) is a PEGylated lipid having one 

or more hydroxyl (–OH) groups on the lipid. In certain embodiments, the PEG-OH lipid 

includes one or more hydroxyl groups on the PEG chain. In certain embodiments, a PEG-OH 

or hydroxy-PEGylated lipid comprises an –OH group at the terminus of the PEG chain. Each 5 

possibility represents a separate embodiment of the present invention. 

In certain embodiments, a PEG lipid useful in the present invention is a compound of 

Formula (VII). Provided herein are compounds of Formula (VII): 

    (VII), 

or salts thereof, wherein: 10 

R3 is –ORO; 

RO is hydrogen, optionally substituted alkyl, or an oxygen protecting group; 

r is an integer between 1 and 100, inclusive; 

L1 is optionally substituted C1-10 alkylene, wherein at least one methylene of the 

optionally substituted C1-10 alkylene is independently replaced with  optionally substituted 15 

carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene, 

optionally substituted heteroarylene, O, N(RN), S, C(O), C(O)N(RN), NRNC(O), C(O)O, -

OC(O), OC(O)O, OC(O)N(RN), NRNC(O)O, or NRNC(O)N(RN); 

D is a moiety obtained by click chemistry or a moiety cleavable under physiological 

conditions; 20 

m is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10; 

A is of the formula:  or ; 

each instance of L2 is independently a bond or optionally substituted C1-6 alkylene, 

wherein one methylene unit of the optionally substituted C1-6 alkylene is optionally replaced 

with O, N(RN), S, C(O), C(O)N(RN), NRNC(O), C(O)O, OC(O), OC(O)O, OC(O)N(RN), -25 

NRNC(O)O, or NRNC(O)N(RN); 

each instance of R2 is independently optionally substituted C1-30 alkyl, optionally 

substituted C1-30 alkenyl, or optionally substituted C1-30 alkynyl; optionally wherein one or 

more methylene units of R2 are  independently replaced with optionally substituted 

carbocyclylene, optionally substituted heterocyclylene, optionally substituted arylene, 30 
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optionally substituted heteroarylene, N(RN), O, S, C(O), C(O)N(RN), NRNC(O), -

NRNC(O)N(RN), C(O)O, OC(O), OC(O)O, OC(O)N(RN), NRNC(O)O, C(O)S, SC(O), -

C(=NRN), C(=NRN)N(RN), NRNC(=NRN), NRNC(=NRN)N(RN), C(S), C(S)N(RN), NRNC(S), 

NRNC(S)N(RN), S(O) , OS(O), S(O)O, OS(O)O, OS(O)2, S(O)2O, OS(O)2O, N(RN)S(O), -

S(O)N(RN), N(RN)S(O)N(RN), OS(O)N(RN), N(RN)S(O)O, S(O)2, N(RN)S(O)2, S(O)2N(RN), 5 

N(RN)S(O)2N(RN), OS(O)2N(RN), or N(RN)S(O)2O; 

each instance of RN is independently hydrogen, optionally substituted alkyl, or a nitrogen 

protecting group; 

Ring B is optionally substituted carbocyclyl, optionally substituted heterocyclyl, 

optionally substituted aryl, or optionally substituted heteroaryl; and 10 

p is 1 or 2. 

In certain embodiments, the compound of Fomula (VII) is a PEG-OH lipid (i.e., R3 is –

ORO, and RO is hydrogen). In certain embodiments, the compound of Formula (VII) is of 

Formula (VII-OH): 

   (VII-OH), 15 

or a salt thereof. 

 In certain embodiments, D is a moiety obtained by click chemistry (e.g., triazole). In 

certain embodiments, the compound of Formila (VII) is of Formula (VII-a-1) or (VII-a-2): 

 or  

(VII-a-1)                                       (VII-a-2), 20 

or a salt thereof. 

 In certain embodiments, the compound of Formula (VII) is of one of the following 

formulae: 

,   , 

,   , 25 

or a salt thereof, wherein 
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s is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10. 

In certain embodiments, the compound of Formula (VII) is of one of the following 

formulae: 

,   , 

,  , 5 

or a salt thereof. 

In certain embodiments, a compound of Formula (VII) is of one of the following 

formulae: 

, , 

, , 10 

or a salt thereof. 

In certain embodiments, a compound of Formula (VII) is of one of the following 

formulae:  

 (Compound 415), 
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 (Compound 416), 

 (Compound 417), 

 (Compound 418), 

or a salt thereof. 

In certain embodiments, D is a moiety cleavable under physiological conditions (e.g., 5 

ester, amide, carbonate, carbamate, urea). In certain embodiments, a compound of Formula 

(VII) is of Formula (VII-b-1) or (VII-b-2): 

   

(VII-b-1)    (VII-b-2), 

or a salt thereof. 10 

In certain embodiments, a compound of Formula (VII) is of Formula (VII-b-1-OH) or 

(VII-b-2-OH): 

   

(VII-b-1-OH)    (VII-b-2-OH), 

or a salt thereof. 15 

In certain embodiments, the compound of Formula (VII) is of one of the following 

formulae: 

,  , 
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,  , 

or a salt thereof. 

In certain embodiments, a compound of Formula (VII) is of one of the following 

formulae: 

,  , 5 

,  , 

or a salt thereof. 

In certain embodiments, a compound of Formula (VII) is of one of the following 

formulae: 

,  , 10 

,  , 

or a salt thereof. 

In certain embodiments, a compound of Formula (VII) is of one of the following 

formulae: 

, 15 
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, 

or salts thereof. 

In certain embodiments, a PEG lipid useful in the present invention is a PEGylated fatty 

acid. In certain embodiments, a PEG lipid useful in the present invention is a compound of 

Formula (VIII). Provided herein are compounds of Formula (VIII): 5 

   (VIII), 

or a salts thereof, wherein: 

R3 is–ORO; 

RO is hydrogen, optionally substituted alkyl or an oxygen protecting group; 

r is an integer between 1 and 100, inclusive; 10 

R5 is optionally substituted C10-40 alkyl, optionally substituted C10-40 alkenyl, or 

optionally substituted C10-40 alkynyl; and optionally one or more methylene groups of R5 are 

replaced with optionally substituted carbocyclylene, optionally substituted heterocyclylene, 

optionally substituted arylene, optionally substituted heteroarylene, N(RN), O, S, C(O), -

C(O)N(RN), NRNC(O), NRNC(O)N(RN), C(O)O, OC(O), OC(O)O, OC(O)N(RN), -15 

NRNC(O)O, C(O)S, SC(O), C(=NRN), C(=NRN)N(RN), NRNC(=NRN), NRNC(=NRN)N(RN), 

C(S), C(S)N(RN), NRNC(S), NRNC(S)N(RN), S(O), OS(O), S(O)O, OS(O)O, OS(O)2, -

S(O)2O, OS(O)2O, N(RN)S(O), S(O)N(RN), N(RN)S(O)N(RN), OS(O)N(RN), N(RN)S(O)O, 

S(O)2, N(RN)S(O)2, S(O)2N(RN), N(RN)S(O)2N(RN), OS(O)2N(RN), or N(RN)S(O)2O; and 

each instance of RN is independently hydrogen, optionally substituted alkyl, or a nitrogen 20 

protecting group. 

In certain embodiments, the compound of Formula (VIII) is of Formula (VIII-OH): 

   (VIII-OH), 

or a salt thereof.  In some embodiments, r is 45. 

In certain embodiments, a compound of Formula (VIII) is of one of the following 25 

formulae: 

 (Compound 419), 
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 (Compound 420), 

 (Compound 421), 

 (Compound 422), 

 (Compound 423), 

 (Compound 424), 5 

 (Compound 425), 

 (Compound 426), 

or a salt thereof.  In some embodiments, r is 45. 

In yet other embodiments the compound of Formula (VIII) is: 

 (Compound 427), 10 

or a salt thereof. 

In one embodiment, the compound of Formula (VIII) is  

 (Compound 428). 

In one embodiment, the amount of PEG-lipid in the lipid composition of a 

pharmaceutical composition disclosed herein ranges from about 0.1 mol % to about 5 mol %, 15 

from about 0.5 mol % to about 5 mol %, from about 1 mol % to about 5 mol %, from about 

1.5 mol % to about 5 mol %, from about 2 mol % to about 5 mol % mol %, from about 0.1 

mol % to about 4 mol %, from about 0.5 mol % to about 4 mol %, from about 1 mol % to 

about 4 mol %, from about 1.5 mol % to about 4 mol %, from about 2 mol % to about 4 mol 

%, from about 0.1 mol % to about 3 mol %, from about 0.5 mol % to about 3 mol %, from 20 

about 1 mol % to about 3 mol %, from about 1.5 mol % to about 3 mol %, from about 2 mol 
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% to about 3 mol %, from about 0.1 mol % to about 2 mol %, from about 0.5 mol % to about 

2 mol %, from about 1 mol % to about 2 mol %, from about 1.5 mol % to about 2 mol %, 

from about 0.1 mol % to about 1.5 mol %, from about 0.5 mol % to about 1.5 mol %, or from 

about 1 mol % to about 1.5 mol %.  

In one embodiment, the amount of PEG-lipid in the lipid composition disclosed herein is 5 

about 2 mol %. In one embodiment, the amount of PEG-lipid in the lipid composition 

disclosed herein is about 1.5 mol %. 

In one embodiment, the amount of PEG-lipid in the lipid composition disclosed herein is 

at least about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 

1.9, 2, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4, 10 

4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, or 5 mol %. 

In some aspects, the lipid composition of the pharmaceutical compositions disclosed 

herein does not comprise a PEG-lipid. 

 

f. Other Ionizable Amino Lipids 15 

The lipid composition of the pharmaceutical composition disclosed herein can comprise 

one or more ionizable amino lipids in addition to or instead of a lipid according to Formula 

(I), (II), (III), (IV), (V), or (VI). 

Ionizable lipids can be selected from the non-limiting group consisting of 

3-(didodecylamino)-N1,N1,4-tridodecyl-1-piperazineethanamine (KL10), 20 

N1-[2-(didodecylamino)ethyl]-N1,N4,N4-tridodecyl-1,4-piperazinediethanamine (KL22), 

14,25-ditridecyl-15,18,21,24-tetraaza-octatriacontane (KL25), 

1,2-dilinoleyloxy-N,N-dimethylaminopropane (DLin-DMA), 

2,2-dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA), 

heptatriaconta-6,9,28,31-tetraen-19-yl 4-(dimethylamino)butanoate (DLin-MC3-DMA), 25 

2,2-dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane (DLin-KC2-DMA), 

1,2-dioleyloxy-N,N-dimethylaminopropane (DODMA), (13Z,165Z)-N,N-dimethyl-3-

nonydocosa-13-16-dien-1-amine (L608), 

2-({8-[(3β)-cholest-5-en-3-yloxy]octyl}oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-dien-

1-yloxy]propan-1-amine (Octyl-CLinDMA), 30 

(2R)-2-({8-[(3β)-cholest-5-en-3-yloxy]octyl}oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-

dien-1-yloxy]propan-1-amine (Octyl-CLinDMA (2R)), and 

(2S)-2-({8-[(3β)-cholest-5-en-3-yloxy]octyl}oxy)-N,N-dimethyl-3-[(9Z,12Z)-octadeca-9,12-
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dien-1-yloxy]propan-1-amine (Octyl-CLinDMA (2S)). In addition to these, an ionizable 

amino lipid can also be a lipid including a cyclic amine group. 

Ionizable lipids can also be the compounds disclosed in International Publication No. 

WO 2017/075531 A1, incorporated herein by reference in its entirety.  For example, the 

ionizable amino lipids include, but not limited to: 5 

; 

; 

; 

and any combination thereof. 

Ionizable lipids can also be the compounds disclosed in International Publication No. 10 

WO 2015/199952 A1, incorporated herein by reference in its entirety. For example, the 

ionizable amino lipids include, but not limited to: 
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; 

 

 

 

 5 

 



  MDN-015PC 

229 

 

 

 

and any combination thereof. 

 5 

g. Nanoparticle Compositions 

The lipid composition of a pharmaceutical composition disclosed herein can include 

one or more components in addition to those described above. For example, the lipid 

composition can include one or more permeability enhancer molecules, carbohydrates, 

polymers, surface altering agents (e.g., surfactants), or other components. For example, a 10 

permeability enhancer molecule can be a molecule described by U.S. Patent Application 

Publication No. 2005/0222064. Carbohydrates can include simple sugars (e.g., glucose) and 

polysaccharides (e.g., glycogen and derivatives and analogs thereof).  

A polymer can be included in and/or used to encapsulate or partially encapsulate a 

pharmaceutical composition disclosed herein (e.g., a pharmaceutical composition in lipid 15 

nanoparticle form). A polymer can be biodegradable and/or biocompatible. A polymer can be 

selected from, but is not limited to, polyamines, polyethers, polyamides, polyesters, 

polycarbamates, polyureas, polycarbonates, polystyrenes, polyimides, polysulfones, 

polyurethanes, polyacetylenes, polyethylenes, polyethyleneimines, polyisocyanates, 

polyacrylates, polymethacrylates, polyacrylonitriles, and polyarylates. 20 
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The ratio between the lipid composition and the polynucleotide range can be from 

about 10:1 to about 60:1 (wt/wt).  

In some embodiments, the ratio between the lipid composition and the polynucleotide 

can be about 10:1, 11:1, 12:1, 13:1, 14:1, 15:1, 16:1, 17:1, 18:1, 19:1, 20:1, 21:1, 22:1, 23:1, 

24:1, 25:1, 26:1, 27:1, 28:1, 29:1, 30:1, 31:1, 32:1, 33:1, 34:1, 35:1, 36:1, 37:1, 38:1, 39:1, 5 

40:1, 41:1, 42:1, 43:1, 44:1, 45:1, 46:1, 47:1, 48:1, 49:1, 50:1, 51:1, 52:1, 53:1, 54:1, 55:1, 

56:1, 57:1, 58:1, 59:1 or 60:1 (wt/wt). In some embodiments, the wt/wt ratio of the lipid 

composition to the polynucleotide encoding a therapeutic agent is about 20:1 or about 15:1. 

In one embodiment, the lipid nanoparticles described herein can comprise 

polynucleotides (e.g., mRNA) in a lipid:polynucleotide weight ratio of 5:1, 10:1, 15:1, 20:1, 10 

25:1, 30:1, 35:1, 40:1, 45:1, 50:1, 55:1, 60:1 or 70:1, or a range or any of these ratios such as, 

but not limited to, 5:1 to about 10:1, from about 5:1 to about 15:1, from about 5:1 to about 

20:1, from about 5:1 to about 25:1, from about 5:1 to about 30:1, from about 5:1 to about 

35:1, from about 5:1 to about 40:1, from about 5:1 to about 45:1, from about 5:1 to about 

50:1, from about 5:1 to about 55:1, from about 5:1 to about 60:1, from about 5:1 to about 15 

70:1, from about 10:1 to about 15:1, from about 10:1 to about 20:1, from about 10:1 to about 

25:1, from about 10:1 to about 30:1, from about 10:1 to about 35:1, from about 10:1 to about 

40:1, from about 10:1 to about 45:1, from about 10:1 to about 50:1, from about 10:1 to about 

55:1, from about 10:1 to about 60:1, from about 10:1 to about 70:1, from about 15:1 to about 

20:1, from about 15:1 to about 25:1,from about 15:1 to about 30:1, from about 15:1 to about 20 

35:1, from about 15:1 to about 40:1, from about 15:1 to about 45:1, from about 15:1 to about 

50:1, from about 15:1 to about 55:1, from about 15:1 to about 60:1 or from about 15:1 to 

about 70:1. 

In one embodiment, the lipid nanoparticles described herein can comprise the 

polynucleotide in a concentration from approximately 0.1 mg/ml to 2 mg/ml such as, but not 25 

limited to, 0.1 mg/ml, 0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 

0.8 mg/ml, 0.9 mg/ml, 1.0 mg/ml, 1.1 mg/ml, 1.2 mg/ml, 1.3 mg/ml, 1.4 mg/ml, 1.5 mg/ml, 

1.6 mg/ml, 1.7 mg/ml, 1.8 mg/ml, 1.9 mg/ml, 2.0 mg/ml or greater than 2.0 mg/ml. 

In some embodiments, the pharmaceutical compositions disclosed herein are 

formulated as lipid nanoparticles (LNP). Accordingly, the present disclosure also provides 30 

nanoparticle compositions comprising (i) a lipid composition comprising a delivery agent 

such as a compound of Formula (I) or (III) as described herein, and (ii) a polynucleotide 

encoding a polypeptide of interest. In such nanoparticle composition, the lipid composition 

disclosed herein can encapsulate the polynucleotide encoding a polypeptide of interest. 
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Nanoparticle compositions are typically sized on the order of micrometers or smaller 

and can include a lipid bilayer. Nanoparticle compositions encompass lipid nanoparticles 

(LNPs), liposomes (e.g., lipid vesicles), and lipoplexes. For example, a nanoparticle 

composition can be a liposome having a lipid bilayer with a diameter of 500 nm or less. 

Nanoparticle compositions include, for example, lipid nanoparticles (LNPs), 5 

liposomes, and lipoplexes. In some embodiments, nanoparticle compositions are vesicles 

including one or more lipid bilayers. In certain embodiments, a nanoparticle composition 

includes two or more concentric bilayers separated by aqueous compartments. Lipid bilayers 

can be functionalized and/or crosslinked to one another. Lipid bilayers can include one or 

more ligands, proteins, or channels. 10 

In some embodiments, the nanoparticle compositions of the present disclosure 

comprise at least one compound according to Formula (I), (III), (IV), (V), or (VI).  For 

example, the nanoparticle composition can include one or more of Compounds 1-147, or one 

or more of Compounds 1-342. Nanoparticle compositions can also include a variety of other 

components. For example, the nanoparticle composition may include one or more other lipids 15 

in addition to a lipid according to Formula (I), (II), (III), (IV), (V), or (VI), such as (i) at least 

one phospholipid, (ii) at least one structural lipid, (iii) at least one PEG-lipid, or (iv) any 

combination thereof. Inclusion of structural lipid can be optional, for example when lipids 

according to formula III are used in the lipid nanoparticle compositins of the invention. 

In some embodiments, the nanoparticle composition comprises a compound of 20 

Formula (I), (e.g., Compounds 18, 25, 26 or 48). In some embodiments, the nanoparticle 

composition comprises a compound of Formula (I) (e.g., Compounds 18, 25, 26 or 48) and a 

phospholipid (e.g., DSPC).  

In some embodiments, the nanoparticle composition comprises a compound of 

Formula (III) (e.g., Compound 236).  In some embodiments, the nanoparticle composition 25 

comprises a compound of Formula (III) (e.g., Compound 236) and a phospholipid (e.g., 

DOPE or DSPC).  

In some embodiments, the nanoparticle composition comprises a lipid composition 

consisting or consisting essentially of compound of Formula (I) (e.g., Compounds 18, 25, 26 

or 48). In some embodiments, the nanoparticle composition comprises a lipid composition 30 

consisting or consisting essentially of a compound of Formula (I) (e.g., Compounds 18, 25, 

26 or 48) and a phospholipid (e.g., DSPC).  

In some embodiments, the nanoparticle composition comprises a lipid composition 

consisting or consisting essentially of compound of Formula (III) (e.g., Compound 236).  In 
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some embodiments, the nanoparticle composition comprises a lipid composition consisting or 

consisting essentially of a compound of Formula (III) (e.g., Compound 236) and a 

phospholipid (e.g., DOPE or DSPC).  

In one embodiment, a lipid nanoparticle comprises an ionizable lipid, a structural 

lipid, a phospholipid, a PEG-modified lipid, and mRNA. In some embodiments, the LNP 5 

comprises an ionizable lipid, a PEG-modified lipid, a sterol and a phospholipid.  In some 

embodiments, the LNP has a molar ratio of about 20-60% ionizable lipid:  about 5-25% 

phospholipid: about 25-55% sterol; and about 0.5-15% PEG-modified lipid.  In some 

embodiments, the LNP comprises a molar ratio of about 50% ionizable lipid, about 1.5% 

PEG-modified lipid, about 38.5% cholesterol and about 10% phospholipid.  In some 10 

embodiments, the LNP comprises a molar ratio of about 55% ionizable lipid, about 2.5% 

PEG lipid, about 32.5% cholesterol and about 10% phospholipid.  In some embodiments, the 

ionizable lipid is an ionizable amino lipid, the neutral lipid is a phospholipid, and the sterol is 

a cholesterol.  In some embodiments, the LNP has a molar ratio of 50:38.5:10:1.5 of 

ionizable lipid: cholesterol: DSPC: PEG lipid.  In some embodiments, the ionizable lipid is 15 

Compound 18 or Compound 236, and the PEG lipid is Compound 428 or PEG-DMG. 

In some embodiments, the LNP has a molar ratio of 50:38.5:10:1.5 of Compound 18: 

Cholesterol: Phospholipid: Compound 428. In some embodiments, the LNP has a molar ratio 

of 50:38.5:10:1.5 of Compound 18: Cholesterol: DSPC: Compound 428. In some 

embodiments, the LNP has a molar ratio of 50:38.5:10:1.5 of Compound 18: Cholesterol: 20 

Phospholipid: PEG-DMG. In some embodiments, the LNP has a molar ratio of 

50:38.5:10:1.5 of Compound 18: Cholesterol: DSPC: PEG-DMG. 

In some embodiments, the LNP has a molar ratio of 50:38.5:10:1.5 of Compound 236: 

Cholesterol: Phospholipid: Compound 428. In some embodiments, the LNP has a molar ratio 

of 50:38.5:10:1.5 of Compound 236: Cholesterol: DSPC:  Compound 428. 25 

In some embodiments, the LNP has a molar ratio of 40:38.5:20:1.5 of Compound 18: 

Cholesterol: Phospholipid: Compound 428. In some embodiments, the LNP has a molar ratio 

of 40:38.5:20:1.5 of Compound 18: Cholesterol: DSPC: Compound 428.  In some 

embodiments, the LNP has a molar ratio of 40:38.5:20:1.5 of Compound 18: Cholesterol: 

Phospholipid: PEG-DMG. In some embodiments, the LNP has a molar ratio of 30 

40:38.5:20:1.5 of Compound 18: Cholesterol: DSPC: PEG-DMG. 

In some embodiments, a nanoparticle composition can have the formulation of 

Compound 18:Phospholipid:Chol:Compound 428 with a mole ratio of 50:10:38.5:1.5. In 

some embodiments, a nanoparticle composition can have the formulation of Compound 
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18:DSPC:Chol:Compound 428 with a mole ratio of 50:10:38.5:1.5.  In some embodiments, a 

nanoparticle composition can have the formulation of Compound 

18:Phospholipid:Chol:PEG-DMG with a mole ratio of 50:10:38.5:1.5. In some embodiments, 

a nanoparticle composition can have the formulation of Compound 18:DSPC:Chol:PEG-

DMG with a mole ratio of 50:10:38.5:1.5. 5 

In some embodiments, the LNP has a polydispersity value of less than 0.4.  In some 

embodiments, the LNP has a net neutral charge at a neutral pH.  In some embodiments, the 

LNP has a mean diameter of 50-150 nm.  In some embodiments, the LNP has a mean 

diameter of 80-100 nm.   

As generally defined herein, the term “lipid” refers to a small molecule that has 10 

hydrophobic or amphiphilic properties. Lipids may be naturally occurring or synthetic. 

Examples of classes of lipids include, but are not limited to, fats, waxes, sterol-containing 

metabolites, vitamins, fatty acids, glycerolipids, glycerophospholipids, sphingolipids, 

saccharolipids, and polyketides, and prenol lipids. In some instances, the amphiphilic 

properties of some lipids leads them to form liposomes, vesicles, or membranes in aqueous 15 

media.   

In some embodiments, a lipid nanoparticle (LNP) may comprise an ionizable lipid.  

As used herein, the term “ionizable lipid” has its ordinary meaning in the art and may refer to 

a lipid comprising one or more charged moieties.  In some embodiments, an ionizable lipid 

may be positively charged or negatively charged.  An ionizable lipid may be positively 20 

charged, in which case it can be referred to as “cationic lipid”.  In certain embodiments, an 

ionizable lipid molecule may comprise an amine group, and can be referred to as an ionizable 

amino lipids.  As used herein, a “charged moiety” is a chemical moiety that carries a formal 

electronic charge, e.g., monovalent (+1, or -1), divalent (+2, or -2), trivalent (+3, or -3), etc.  

The charged moiety may be anionic (i.e., negatively charged) or cationic (i.e., positively 25 

charged).  Examples of positively-charged moieties include amine groups (e.g., primary, 

secondary, and/or tertiary amines), ammonium groups, pyridinium group, guanidine groups, 

and imidizolium groups.  In a particular embodiment, the charged moieties comprise amine 

groups.  Examples of negatively- charged groups or precursors thereof, include carboxylate 

groups, sulfonate groups, sulfate groups, phosphonate groups, phosphate groups, hydroxyl 30 

groups, and the like.  The charge of the charged moiety may vary, in some cases, with the 

environmental conditions, for example, changes in pH may alter the charge of the moiety, 

and/or cause the moiety to become charged or uncharged.  In general, the charge density of 

the molecule may be selected as desired.   
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It should be understood that the terms “charged” or “charged moiety” does not refer to 

a “partial negative charge" or “partial positive charge" on a molecule.  The terms “partial 

negative charge" and “partial positive charge" are given its ordinary meaning in the art.  A 

“partial negative charge" may result when a functional group comprises a bond that becomes 

polarized such that electron density is pulled toward one atom of the bond, creating a partial 5 

negative charge on the atom.  Those of ordinary skill in the art will, in general, recognize 

bonds that can become polarized in this way. 

In some embodiments, the ionizable lipid is an ionizable amino lipid, sometimes 

referred to in the art as an “ionizable cationic lipid”.  In one embodiment, the ionizable amino 

lipid may have a positively charged hydrophilic head and a hydrophobic tail that are 10 

connected via a linker structure.   

In addition to these, an ionizable lipid may also be a lipid including a cyclic amine 

group.  

In one embodiment, the ionizable lipid may be selected from, but not limited to, a 

ionizable lipid described in International Publication Nos. WO2013086354 and 15 

WO2013116126; the contents of each of which are incorporated herein by reference in their 

entirety.  

In yet another embodiment, the ionizable lipid may be selected from, but not limited 

to, formula CLI-CLXXXXII of US Patent No. 7,404,969; each of which is incorporated 

herein by reference in their entirety. 20 

In one embodiment, the lipid may be a cleavable lipid such as those described in 

International Publication No. WO2012170889, incorporated herein by reference in its 

entirety.  In one embodiment, the lipid may be synthesized by methods known in the art 

and/or as described in International Publication Nos. WO2013086354; the contents of each of 

which are incorporated herein by reference in their entirety. 25 

Nanoparticle compositions can be characterized by a variety of methods. For 

example, microscopy (e.g., transmission electron microscopy or scanning electron 

microscopy) can be used to examine the morphology and size distribution of a nanoparticle 

composition. Dynamic light scattering or potentiometry (e.g., potentiometric titrations) can be 

used to measure zeta potentials. Dynamic light scattering can also be utilized to determine 30 

particle sizes. Instruments such as the Zetasizer Nano ZS (Malvern Instruments Ltd, Malvern, 

Worcestershire, UK) can also be used to measure multiple characteristics of a nanoparticle 

composition, such as particle size, polydispersity index, and zeta potential. 
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In some embodiments, the nanoparticle composition comprises a lipid composition 

consisting or consisting essentially of compound of Formula (I) (e.g., Compounds 18, 25, 26 or 

48).  In some embodiments, the nanoparticle composition comprises a lipid composition 

consisting or consisting essentially of a compound of Formula (I) (e.g., Compounds 18, 25, 26 or 

48) and a phospholipid (e.g., DSPC or MSPC).    5 

Nanoparticle compositions can be characterized by a variety of methods.  For example, 

microscopy (e.g., transmission electron microscopy or scanning electron microscopy) can be 

used to examine the morphology and size distribution of a nanoparticle composition.  Dynamic 

light scattering or potentiometry (e.g., potentiometric titrations) can be used to measure zeta 

potentials. Dynamic light scattering can also be utilized to determine particle sizes.  Instruments 10 

such as the Zetasizer Nano ZS (Malvern Instruments Ltd, Malvern, Worcestershire, UK) can also 

be used to measure multiple characteristics of a nanoparticle composition, such as particle size, 

polydispersity index, and zeta potential. 

The size of the nanoparticles can help counter biological reactions such as, but not limited 

to, inflammation, or can increase the biological effect of the polynucleotide. 15 

As used herein, “size” or “mean size” in the context of nanoparticle compositions refers 

to the mean diameter of a nanoparticle composition.   

In one embodiment, the polynucleotide encoding a polypeptide of interest are formulated 

in lipid nanoparticles having a diameter from about 10 to about 100 nm such as, but not limited 

to, about 10 to about 20 nm, about 10 to about 30 nm, about 10 to about 40 nm, about 10 to about 20 

50 nm, about 10 to about 60 nm, about 10 to about 70 nm, about 10 to about 80 nm, about 10 to 

about 90 nm, about 20 to about 30 nm, about 20 to about 40 nm, about 20 to about 50 nm, about 

20 to about 60 nm, about 20 to about 70 nm, about 20 to about 80 nm, about 20 to about 90 nm, 

about 20 to about 100 nm, about 30 to about 40 nm, about 30 to about 50 nm, about 30 to about 

60 nm, about 30 to about 70 nm, about 30 to about 80 nm, about 30 to about 90 nm, about 30 to 25 

about 100 nm, about 40 to about 50 nm, about 40 to about 60 nm, about 40 to about 70 nm, about 

40 to about 80 nm, about 40 to about 90 nm, about 40 to about 100 nm, about 50 to about 60 nm, 

about 50 to about 70 nm, about 50 to about 80 nm, about 50 to about 90 nm, about 50 to about 

100 nm, about 60 to about 70 nm, about 60 to about 80 nm, about 60 to about 90 nm, about 60 to 

about 100 nm, about 70 to about 80 nm, about 70 to about 90 nm, about 70 to about 100 nm, 30 

about 80 to about 90 nm, about 80 to about 100 nm and/or about 90 to about 100 nm.  

In one embodiment, the nanoparticles have a diameter from about 10 to 500 nm. In one 

embodiment, the nanoparticle has a diameter greater than 100 nm, greater than 150 nm, greater 

than 200 nm, greater than 250 nm, greater than 300 nm, greater than 350 nm, greater than 400 
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nm, greater than 450 nm, greater than 500 nm, greater than 550 nm, greater than 600 nm, greater 

than 650 nm, greater than 700 nm, greater than 750 nm, greater than 800 nm, greater than 850 

nm, greater than 900 nm, greater than 950 nm or greater than 1000 nm. 

In some embodiments, the largest dimension of a nanoparticle composition is 1 µm or 

shorter (e.g., 1 µm, 900 nm, 800 nm, 700 nm, 600 nm, 500 nm, 400 nm, 300 nm, 200 nm, 175 5 

nm, 150 nm, 125 nm, 100 nm, 75 nm, 50 nm, or shorter).  

A nanoparticle composition can be relatively homogenous. A polydispersity index can be 

used to indicate the homogeneity of a nanoparticle composition, e.g., the particle size distribution 

of the nanoparticle composition.  A small (e.g., less than 0.3) polydispersity index generally 

indicates a narrow particle size distribution.  A nanoparticle composition can have a 10 

polydispersity index from about 0 to about 0.25, such as 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 

0.08, 0.09, 0.10, 0.11, 0.12, 0.13, 0.14, 0.15, 0.16, 0.17, 0.18, 0.19, 0.20, 0.21, 0.22, 0.23, 0.24, or 

0.25.  In some embodiments, the polydispersity index of a nanoparticle composition disclosed 

herein can be from about 0.10 to about 0.20. 

The zeta potential of a nanoparticle composition can be used to indicate the electrokinetic 15 

potential of the composition. For example, the zeta potential can describe the surface charge of a 

nanoparticle composition. Nanoparticle compositions with relatively low charges, positive or 

negative, are generally desirable, as more highly charged species can interact undesirably with 

cells, tissues, and other elements in the body.  In some embodiments, the zeta potential of a 

nanoparticle composition disclosed herein can be from about -10 mV to about +20 mV, from 20 

about -10 mV to about +15 mV, from about  10 mV to about +10 mV, from about -10 mV to 

about +5 mV, from about -10 mV to about 0 mV, from about -10 mV to about -5 mV, from about 

-5 mV to about +20 mV, from about -5 mV to about +15 mV, from about -5 mV to about +10 

mV, from about -5 mV to about +5 mV, from about -5 mV to about 0 mV, from about 0 mV to 

about +20 mV, from about 0 mV to about +15 mV, from about 0 mV to about +10 mV, from 25 

about 0 mV to about +5 mV, from about +5 mV to about +20 mV, from about +5 mV to about 

+15 mV, or from about +5 mV to about +10 mV. 

In some embodiments, the zeta potential of the lipid nanoparticles can be from about 0 

mV to about 100 mV, from about 0 mV to about 90 mV, from about 0 mV to about 80 mV, from 

about 0 mV to about 70 mV, from about 0 mV to about 60 mV, from about 0 mV to about 50 30 

mV, from about 0 mV to about 40 mV, from about 0 mV to about 30 mV, from about 0 mV to 

about 20 mV, from about 0 mV to about 10 mV, from about 10 mV to about 100 mV, from about 

10 mV to about 90 mV, from about 10 mV to about 80 mV, from about 10 mV to about 70 mV, 

from about 10 mV to about 60 mV, from about 10 mV to about 50 mV, from about 10 mV to 
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about 40 mV, from about 10 mV to about 30 mV, from about 10 mV to about 20 mV, from about 

20 mV to about 100 mV, from about 20 mV to about 90 mV, from about 20 mV to about 80 mV, 

from about 20 mV to about 70 mV, from about 20 mV to about 60 mV, from about 20 mV to 

about 50 mV, from about 20 mV to about 40 mV, from about 20 mV to about 30 mV, from about 

30 mV to about 100 mV, from about 30 mV to about 90 mV, from about 30 mV to about 80 mV, 5 

from about 30 mV to about 70 mV, from about 30 mV to about 60 mV, from about 30 mV to 

about 50 mV, from about 30 mV to about 40 mV, from about 40 mV to about 100 mV, from 

about 40 mV to about 90 mV, from about 40 mV to about 80 mV, from about 40 mV to about 70 

mV, from about 40 mV to about 60 mV, and from about 40 mV to about 50 mV. In some 

embodiments, the zeta potential of the lipid nanoparticles can be from about 10 mV to about 50 10 

mV, from about 15 mV to about 45 mV, from about 20 mV to about 40 mV, and from about 25 

mV to about 35 mV. In some embodiments, the zeta potential of the lipid nanoparticles can be 

about 10 mV, about 20 mV, about 30 mV, about 40 mV, about 50 mV, about 60 mV, about 70 

mV, about 80 mV, about 90 mV, and about 100 mV. 

The term “encapsulation efficiency” of a polynucleotide describes the amount of the 15 

polynucleotide that is encapsulated by or otherwise associated with a nanoparticle composition 

after preparation, relative to the initial amount provided.  As used herein, “encapsulation” can 

refer to complete, substantial, or partial enclosure, confinement, surrounding, or encasement. 

Encapsulation efficiency is desirably high (e.g., close to 100%). The encapsulation 

efficiency can be measured, for example, by comparing the amount of the polynucleotide in a 20 

solution containing the nanoparticle composition before and after breaking up the nanoparticle 

composition with one or more organic solvents or detergents.   

Fluorescence can be used to measure the amount of free polynucleotide in a solution.  For 

the nanoparticle compositions described herein, the encapsulation efficiency of a polynucleotide 

can be at least 50%, for example 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 25 

93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%.  In some embodiments, the encapsulation 

efficiency can be at least 80%.  In certain embodiments, the encapsulation efficiency can be at 

least 90%.   

The amount of a polynucleotide present in a pharmaceutical composition disclosed herein 

can depend on multiple factors such as the size of the polynucleotide, desired target and/or 30 

application, or other properties of the nanoparticle composition as well as on the properties of the 

polynucleotide.   



  MDN-015PC 

238 

For example, the amount of an mRNA useful in a nanoparticle composition can depend 

on the size (expressed as length, or molecular mass), sequence, and other characteristics of the 

mRNA.  The relative amounts of a polynucleotide in a nanoparticle composition can also vary.   

The relative amounts of the lipid composition and the polynucleotide present in a lipid 

nanoparticle composition of the present disclosure can be optimized according to considerations 5 

of efficacy and tolerability. For compositions including an mRNA as a polynucleotide, the N:P 

ratio can serve as a useful metric.   

As the N:P ratio of a nanoparticle composition controls both expression and tolerability, 

nanoparticle compositions with low N:P ratios and strong expression are desirable. N:P ratios 

vary according to the ratio of lipids to RNA in a nanoparticle composition.     10 

In general, a lower N:P ratio is preferred.  The one or more RNA, lipids, and amounts 

thereof can be selected to provide an N:P ratio from about 2:1 to about 30:1, such as 2:1, 3:1, 4:1, 

5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 12:1, 14:1, 16:1, 18:1, 20:1, 22:1, 24:1, 26:1, 28:1, or 30:1.  In certain 

embodiments, the N:P ratio can be from about 2:1 to about 8:1.  In other embodiments, the N:P 

ratio is from about 5:1 to about 8:1.  In certain embodiments, the N:P ratio is between 5:1 and 15 

6:1. In one specific aspect, the N:P ratio is about is about 5.67:1. 

In addition to providing nanoparticle compositions, the present disclosure also provides 

methods of producing lipid nanoparticles comprising encapsulating a polynucleotide. Such 

method comprises using any of the pharmaceutical compositions disclosed herein and producing 

lipid nanoparticles in accordance with methods of production of lipid nanoparticles known in the 20 

art. See, e.g., Wang et al. (2015) “Delivery of oligonucleotides with lipid nanoparticles” Adv. 

Drug Deliv. Rev. 87:68-80; Silva et al. (2015) “Delivery Systems for Biopharmaceuticals. Part I: 

Nanoparticles and Microparticles” Curr. Pharm. Technol. 16: 940-954; Naseri et al. (2015) 

“Solid Lipid Nanoparticles and Nanostructured Lipid Carriers: Structure, Preparation and 

Application” Adv. Pharm. Bull. 5:305-13; Silva et al. (2015) “Lipid nanoparticles for the 25 

delivery of biopharmaceuticals” Curr. Pharm. Biotechnol. 16:291-302, and references cited 

therein. 

 

Applications Related to Nanoparticles  

It has been discovered that the immunomodulatory therapeutic compositions 30 

described herein are superior to current compositions in several ways.  First, the lipid 

nanoparticle (LNP) delivery is superior to other formulations including liposome or 

protamine based approaches described in the literature and no additional adjuvants are to be 

necessary. The use of LNPs enables the effective delivery of chemically modified or 
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unmodified mRNA compositions. Both modified and unmodified LNP formulated mRNA 

compositions are superior to conventional compositions by a significant degree. In some 

embodiments the immunomodulatory therapeutic compositions of the invention are superior 

to conventional compositions by a factor of at least 10 fold, 20 fold, 40 fold, 50 fold, 100 

fold, 500 fold or 1,000 fold. 5 

Although attempts have been made to produce functional RNA vaccines, including 

mRNA vaccines and self-replicating RNA vaccines, the therapeutic efficacy of these RNA 

vaccines have not yet been fully established. Quite surprisingly, the inventors have 

discovered, according to aspects of the invention, a class of formulations for delivering 

immunomodulatory therapeutic compositions in vivo that results in significantly enhanced, 10 

and in many respects synergistic, immune responses including enhanced antigen generation 

and functional antibody production with neutralization capability.  These results can be 

achieved even when significantly lower doses of the mRNA are administered in comparison 

with mRNA doses used in other classes of lipid based formulations. The formulations of the 

invention have demonstrated significant unexpected in vivo immune responses sufficient to 15 

establish the efficacy of functional mRNA compositions as immunomodulatory therapeutic 

agents. Additionally, self-replicating RNA vaccines rely on viral replication pathways to 

deliver enough RNA to a cell to produce an immunogenic response. The formulations of the 

invention do not require viral replication to produce enough protein to result in a strong 

immune response. Thus, the mRNA of the invention are not self-replicating RNA and do not 20 

include components necessary for viral replication.  

The invention involves, in some aspects, the surprising finding that lipid nanoparticle 

(LNP) formulations significantly enhance the effectiveness of mRNA compositions, 

including chemically modified and unmodified mRNA immunomodulatory therapeutic 

compositions. The efficacy of mRNA containing immunomodulatory therapeutic 25 

compositions formulated in LNP was examined in vivo using several distinct tumor antigens. 

In addition to providing an enhanced immune response, the formulations of the invention 

generate a more rapid immune response with fewer doses of antigen than other compositions 

tested. The mRNA-LNP formulations of the invention also produce quantitatively and 

qualitatively better immune responses than compositions formulated in a different carriers. 30 

Additionally, the mRNA-LNP formulations of the invention are superior to other 

compositions even when the dose of mRNA is lower than other compositions.  

The LNP used in the studies described herein has been used previously to deliver 

siRNA in various animal models as well as in humans. In view of the observations made in 
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association with the siRNA delivery of LNP formulations, the fact that LNP is useful in 

cancer immunomodulatory therapeutic compositions is quite surprising.  It has been observed 

that therapeutic delivery of siRNA formulated in LNP causes an undesirable inflammatory 

response associated with a transient IgM response, typically leading to a reduction in antigen 

production and a compromised immune response. In contrast to the findings observed with 5 

siRNA, the LNP-mRNA formulations of the invention are demonstrated herein to generate 

enhanced IgG levels, sufficient for prophylactic and therapeutic methods rather than transient 

IgM responses. 

 

Pharmaceutical Compositions  10 

The present disclosure includes pharmaceutical compositions comprising an mRNA or a 

nanoparticle (e.g., a lipid nanoparticle) described herein, in combination with one or more 

pharmaceutically acceptable excipient, carrier or diluent. In particular embodiments, the mRNA 

is present in a nanoparticle, e.g., a lipid nanoparticle.  In particular embodiments, the mRNA or 

nanoparticle is present in a pharmaceutical composition.  In various embodiments, the one or 15 

more mRNA present in the pharmaceutical composition is encapsulated in a nanoparticle, e.g., a 

lipid nanoparticle.  In particular embodiments, the molar ratio of the first mRNA to the second 

mRNA is about 1:50, about 1:25, about 1:10, about 1:5, about 1:4, about 1:3, about 1:2, about 

1:1, about 2:1, about 3:1, about 4:1, or about 5:1, about 10:1, about 25:1 or about 50:1.  In 

particular embodiments, the molar ratio of the first mRNA to the second mRNA is greater than 20 

1:1.  

In some embodiments, a composition described herein comprises an mRNA encoding an 

antigen of interest (Ag) and an mRNA encoding a polypeptide that enhances an immune response 

to the antigen of interest (e.g., immune potentiator, e.g., STING polypeptide) (IP) wherein the 

mRNA encoding the antigen of interest (Ag) and the mRNA encoding the polypeptide that 25 

enhances an immune response to the antigen of interest (e.g., immune potentiator, e.g., STING 

polypeptide)(IP) are formulated at an Ag:IP mass ratio of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 

10:1 or 20:1 (or alternatively, an IP:Ag mass ratio of 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10 

or 1:20).  In some embodiments, the composition is formulated at an Ag:IP mass ratio of 1:1. 

1.25:1, 1.50:1, 1.75:1, 2.0:1, 2.25:1, 2.50:1, 2.75:1, 3.0:1, 3.25:1, 3.50:1, 3.75:1, 4.0:1, 4.25:1, 30 

4.50:1, 4.75:1 or 5:1 of mRNA encoding the antigen of interest to the mRNA encoding the 

polypeptide that enhances an immune to the antigen of interest (e.g., immune potentiator, e.g., 

STING polypeptide).  In some embodiments, the composition is formulated at a mass ratio of 5:1 

of mRNA encoding the antigen of interest to the mRNA encoding the polypeptide that enhances 
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an immune to the antigen of interest (e.g., immune potentiator, e.g., STING polypeptide) (Ag:IP 

mass ratio of 5:1, or alternatively an IP:Ag mass ratio of 1:5).  In some embodiments, the 

composition is formulated at a mass ratio of 10:1 of mRNA encoding the antigen of interest to 

the mRNA encoding the polypeptide that enhances an immune to the antigen of interest (e.g., 

immune potentiator, e.g., STING polypeptide) (Ag:IP mass ratio of 10:1, or alternatively an 5 

IP:Ag mass ratio of 1:10).   

In some embodiments, a composition described herein comprises an mRNA encoding a 

KRAS activating oncogene mutation peptide and an mRNA encoding a constiutively active 

human STING polypeptide wherein the mRNA encoding the KRAS activating oncogene 

mutation peptide and the mRNA encoding the constiutively active human STING polypeptide are 10 

present at a KRAS: STING mass ratio of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1 or 20:1, or 

alternatively a STING:KRAS mass ratio of 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10 or 1:20.  

In some embodiments, the mRNAs are present at a KRAS:STING mass ratio of 1:1. 1.25:1, 

1.50:1, 1.75:1, 2.0:1, 2.25:1, 2.50:1, 2.75:1, 3.0:1, 3.25:1, 3.50:1, 3.75:1, 4.0:1, 4.25:1, 4.50:1, 

4.75:1 or 5:1 of mRNA encoding the antigen of interest to the mRNA encoding the polypeptide 15 

that enhances an immune to the antigen of interest (e.g., immune potentiator, e.g., STING 

polypeptide).  In some embodiments, the mRNAs are present at a mass ratio of 5:1 of mRNA 

encoding the KRAS activating oncogene mutation peptide to the mRNA encoding the 

constiutively active human STING polypeptide (KRAS:STING mass ratio of 5:1, or alternatively 

STING:KRAS mass ratio of 1:5).  In some embodiments, the mRNAs are present at a mass ratio 20 

of 10:1 of mRNA encoding the KRAS activating oncogene mutation peptide to the mRNA 

encoding the constiutively active human STING polypeptide (KRAS:STING mass ratio of 10:1, 

or alternatively STING:KRAS mass ratio of 1:10). 

Pharmaceutical compositions may optionally include one or more additional active 

substances, for example, therapeutically and/or prophylactically active substances.  25 

Pharmaceutical compositions of the present disclosure may be sterile and/or pyrogen-free.  

General considerations in the formulation and/or manufacture of pharmaceutical agents may be 

found, for example, in Remington: The Science and Practice of Pharmacy 21st ed., Lippincott 

Williams & Wilkins, 2005 (incorporated herein by reference in its entirety). In particular 

embodiments, a pharmaceutical composition comprises an mRNA and a lipid nanoparticle, or 30 

complexes thereof.  

Formulations of the pharmaceutical compositions described herein may be prepared by 

any method known or hereafter developed in the art of pharmacology.  In general, such 

preparatory methods include the step of bringing the active ingredient into association with an 
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excipient and/or one or more other accessory ingredients, and then, if necessary and/or desirable, 

dividing, shaping and/or packaging the product into a desired single- or multi-dose unit. 

Relative amounts of the active ingredient, the pharmaceutically acceptable excipient, 

and/or any additional ingredients in a pharmaceutical composition in accordance with the 

disclosure will vary, depending upon the identity, size, and/or condition of the subject treated and 5 

further depending upon the route by which the composition is to be administered.  By way of 

example, the composition may include between 0.1% and 100%, e.g., between 0.5% and 70%, 

between 1% and 30%, between 5% and 80%, or at least 80% (w/w) active ingredient.  

The mRNAs of the disclosure can be formulated using one or more excipients to: (1) 

increase stability; (2) increase cell transfection; (3) permit the sustained or delayed release (e.g., 10 

from a depot formulation of the mRNA); (4) alter the biodistribution (e.g., target the mRNA to 

specific tissues or cell types); (5) increase the translation of a polypeptide encoded by the mRNA 

in vivo; and/or (6) alter the release profile of a polypeptide encoded by the mRNA in vivo.  In 

addition to traditional excipients such as any and all solvents, dispersion media, diluents, or other 

liquid vehicles, dispersion or suspension aids, surface active agents, isotonic agents, thickening 15 

or emulsifying agents, preservatives, excipients of the present disclosure can include, without 

limitation, lipidoids, liposomes, lipid nanoparticles (e.g., liposomes and micelles), polymers, 

lipoplexes, core-shell nanoparticles, peptides, proteins, carbohydrates, cells transfected with 

mRNAs (e.g., for transplantation into a subject), hyaluronidase, nanoparticle mimics and 

combinations thereof.  Accordingly, the formulations of the disclosure can include one or more 20 

excipients, each in an amount that together increases the stability of the mRNA, increases cell 

transfection by the mRNA, increases the expression of a polypeptide encoded by the mRNA, 

and/or alters the release profile of a mRNA-encoded polypeptide.  Further, the mRNAs of the 

present disclosure may be formulated using self-assembled nucleic acid nanoparticles. 

Various excipients for formulating pharmaceutical compositions and techniques for 25 

preparing the composition are known in the art (see Remington: The Science and Practice of 

Pharmacy, 21st Edition, A. R. Gennaro, Lippincott, Williams & Wilkins, Baltimore, MD, 2006; 

incorporated herein by reference in its entirety). The use of a conventional excipient medium 

may be contemplated within the scope of the present disclosure, except insofar as any 

conventional excipient medium may be incompatible with a substance or its derivatives, such as 30 

by producing any undesirable biological effect or otherwise interacting in a deleterious manner 

with any other component(s) of the pharmaceutical composition.  Excipients may include, for 

example: antiadherents, antioxidants, binders, coatings, compression aids, disintegrants, dyes 

(colors), emollients, emulsifiers, fillers (diluents), film formers or coatings, glidants (flow 
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enhancers), lubricants, preservatives, printing inks, sorbents, suspensing or dispersing agents, 

sweeteners, and waters of hydration.  Exemplary excipients include, but are not limited to: 

butylated hydroxytoluene (BHT), calcium carbonate, calcium phosphate (dibasic), calcium 

stearate, croscarmellose, crosslinked polyvinyl pyrrolidone, citric acid, crospovidone, cysteine, 

ethylcellulose, gelatin, hydroxypropyl cellulose, hydroxypropyl methylcellulose, lactose, 5 

magnesium stearate, maltitol, mannitol, methionine, methylcellulose, methyl paraben, 

microcrystalline cellulose, polyethylene glycol, polyvinyl pyrrolidone, povidone, pregelatinized 

starch, propyl paraben, retinyl palmitate, shellac, silicon dioxide, sodium carboxymethyl 

cellulose, sodium citrate, sodium starch glycolate, sorbitol, starch (corn), stearic acid, sucrose, 

talc, titanium dioxide, vitamin A, vitamin E, vitamin C, and xylitol. 10 

In some embodiments, the formulations described herein may include at least one 

pharmaceutically acceptable salt.  Examples of pharmaceutically acceptable salts that may be 

included in a formulation of the disclosure include, but are not limited to, acid addition salts, 

alkali or alkaline earth metal salts, mineral or organic acid salts of basic residues such as amines; 

alkali or organic salts of acidic residues such as carboxylic acids; and the like.  Representative 15 

acid addition salts include acetate, acetic acid, adipate, alginate, ascorbate, aspartate, 

benzenesulfonate, benzene sulfonic acid, benzoate, bisulfate, borate, butyrate, camphorate, 

camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, 

fumarate, glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoate, hydrobromide, 

hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl 20 

sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, 

oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, 

pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, toluenesulfonate, 

undecanoate, valerate salts, and the like.  Representative alkali or alkaline earth metal salts 

include sodium, lithium, potassium, calcium, magnesium, and the like, as well as nontoxic 25 

ammonium, quaternary ammonium, and amine cations, including, but not limited to ammonium, 

tetramethylammonium, tetraethylammonium, methylamine, dimethylamine, trimethylamine, 

triethylamine, ethylamine, and the like.   

In some embodiments, the formulations described herein may contain at least one type of 

polynucleotide.  As a non-limiting example, the formulations may contain 1, 2, 3, 4, 5 or more 30 

than 5 mRNAs described herein.  In some embodiments, the formulations described herein may 

contain at least one mRNA encoding a polypeptide and at least one nucleic acid sequence such 

as, but not limited to, an siRNA, an shRNA, a snoRNA, and an miRNA.  
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Liquid dosage forms for e.g., parenteral administration include, but are not limited to, 

pharmaceutically acceptable emulsions, microemulsions, nanoemulsions, solutions, 

suspensions, syrups, and/or elixirs.  In addition to active ingredients, liquid dosage forms may 

comprise inert diluents commonly used in the art such as, for example, water or other 

solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl 5 

carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene 

glycol, dimethylformamide, oils (in particular, cottonseed, groundnut, corn, germ, olive, 

castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty 

acid esters of sorbitan, and mixtures thereof.  Besides inert diluents, oral compositions can 

include adjuvants such as wetting agents, emulsifying and/or suspending agents.  In certain 10 

embodiments for parenteral administration, compositions are mixed with solubilizing agents 

such as CREMAPHOR®, alcohols, oils, modified oils, glycols, polysorbates, cyclodextrins, 

polymers, and/or combinations thereof. 

Injectable preparations, for example, sterile injectable aqueous or oleaginous 

suspensions may be formulated according to the known art using suitable dispersing agents, 15 

wetting agents, and/or suspending agents.  Sterile injectable preparations may be sterile 

injectable solutions, suspensions, and/or emulsions in nontoxic parenterally acceptable 

diluents and/or solvents, for example, as a solution in 1,3-butanediol.  Among the acceptable 

vehicles and solvents that may be employed are water, Ringer's solution, U.S.P., and isotonic 

sodium chloride solution.  Sterile, fixed oils are conventionally employed as a solvent or 20 

suspending medium.  For this purpose any bland fixed oil can be employed including 

synthetic mono- or diglycerides.  Fatty acids such as oleic acid can be used in the preparation 

of injectables.  Injectable formulations can be sterilized, for example, by filtration through a 

bacterial-retaining filter, and/or by incorporating sterilizing agents in the form of sterile solid 

compositions which can be dissolved or dispersed in sterile water or other sterile injectable 25 

medium prior to use.  

In some embodiments, pharmaceutical compositions including at least one mRNA 

described herein are administered to mammals (e.g., humans).  Although the descriptions of 

pharmaceutical compositions provided herein are principally directed to pharmaceutical 

compositions which are suitable for administration to humans, it will be understood by the 30 

skilled artisan that such compositions are generally suitable for administration to any other 

animal, e.g., to a non-human mammal.  Modification of pharmaceutical compositions suitable 

for administration to humans in order to render the compositions suitable for administration 

to various animals is well understood, and the ordinarily skilled veterinary pharmacologist 
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can design and/or perform such modification with merely ordinary, if any, experimentation.  

Subjects to which administration of the pharmaceutical compositions is contemplated 

include, but are not limited to, humans and/or other primates; mammals, including 

commercially relevant mammals such as cattle, pigs, horses, sheep, cats, dogs, mice, and/or 

rats; and/or birds, including commercially relevant birds such as poultry, chickens, ducks, 5 

geese, and/or turkeys.  In particular embodiments, a subject is provided with two or more 

mRNAs described herein.  In particular embodiments, the first and second mRNAs are 

provided to the subject at the same time or at different times, e.g., sequentially.  In particular 

embodiments, the first and second mRNAs are provided to the subject in the same 

pharmaceutical composition or formulation, e.g., to facilitate uptake of both mRNAs by the 10 

same cells. 

The present disclosure also includes kits comprising a container comprising a mRNA 

encoding a polypeptide that enhances an immune response.  In another embodiment, the kit 

comprises a container comprising a mRNA encoding a polypeptide that enhances an immune 

response, as well as one or more additional mRNAs encoding one or more antigens or 15 

interest.  In other embodiments, the kit comprises a first container comprising the mRNA 

encoding a polypeptide that enhances an immune response and a second container comprising 

one or more mRNAs encoding one or more antigens of interest.  In particular embodiments, 

the mRNAs for enhancing an immune response and the mRNA(s) encoding an antigen(s) are 

present in the same or different nanoparticles and/or pharmaceutical compositions.  In 20 

particular embodiments, the mRNAs are lyophilized, dried, or freeze-dried. 

 
Methods of Enhancing Immune Responses 

The disclosure provides a method for enhancing an immune response to an antigen of 

interest in a subject, e.g., a human subject.  In one embodiment, the method comprises 25 

administering to the subject a composition of the disclosure (or lipid nanoparticle thereof, or 

pharmaceutical composition thereof) comprising at least one mRNA construct encoding: (i) 

at least one antigen of interest and (ii) a polypeptide that enhances an immune response 

against the antigen(s) of interest, such that an immune response to the antigen(s) of interest is 

enhanced.  In one embodiment, enhancing an immune response comprises stimulating 30 

cytokine production.  In another embodiment, enhancing an immune response comprises 

enhancing cellular immunity (T cell responses), such as stimulating antigen-specific CD8+ T 

cell activity, stimulating antigen-specific CD4+ T cell activity or increasing the percentage of 

“effector memory” CD62Llo T cells.  In another embodiment, enhancing an immune response 
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comprises enhancing humoral immunity (B cell responses), such as stimulating antigen-

specific antibody production.  

In one embodiment of the method, the immune potentiator mRNA encodes a 

polypeptide that stimulates Type I interferon pathway signaling (e.g., the immune potentiator 

encodes a polypeptide such as STING, IRF3, IRF7 or any of the additional immune 5 

potentiators described herein).  In various other embodiment of the method, the immune 

potentiator encodes a polypeptide that stimulates NFkB pathway signaling, stimulates an 

inflammatory response or stimulates dendritic cell development, activity or mobilization. In 

one embodiment, the method comprises administering to the subject an mRNA composition 

that stimulates dendritic cell development, activity or mobilization prior to administering to 10 

the subject an mRNA composition that stimulates Type I interferon pathway signaling.  For 

example, the mRNA composition that stimulates dendritic cell development or activity can be 

administered 1-30 days, e.g., 3 days, 5 days, 7 days, 10 days, 14 days, 21 days, 28 days, prior 

to administering the mRNA composition that stimulates Type I interferon pathway signaling.   

Enhancement of an immune response in a subject against an antigen(s) of interest by 15 

an immune potenitator of the disclosure can be evaluated by a variety of methods established 

in the art for assessing immune responses, including but not limited to the methods described 

in the Examples.  For example, in various embodiments, enhancement is evaluated by levels 

of intracellular staining (ICS) of CD8+ cells for IFN-γ or TNF-α, percentage of splenic or 

peripheral CD8b+ cells, or percentage of splenic or peripheral “effector memory” CD62Llo 20 

cells.   

Compositions of the disclosure are administered to the subject at an effective amount.  

In general, an effective amount of the composition will allow for efficient production of the 

encoded polypeptide in the cell.  Metrics for efficiency may include polypeptide translation 

(indicated by polypeptide expression), level of mRNA degradation, and immune response 25 

indicators. 

 

Therapeutic Methods 

The methods of the disclosure for enhancing an immune response to an antigen(s) of 

interest in a subject can be used in a variety of clinical or therapeutic applications.  For 30 

example, the methods can be used to stimulate anti-tumor immunity in a subject with a 

tumor.  Accordingly, in one aspect, the disclosure pertains to a method of stimulating an 

immunogenic response to a tumor in a subject in need thereof, the method comprising 
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administering to the subject a composition of the disclosure (or lipid nanoparticle thereof, or 

pharmaceutical composition thereof) comprising at least one mRNA construct encoding: (i) 

at least one tumor antigen of interest and (ii) a polypeptide that enhances an immune response 

against the tumor antigen(s) of interest, such that an immune response to the tumor antigen(s) 

of interest is enhanced.  Suitable tumor antigens of interest include those described herein 5 

(e.g. tumor neoantigens, including mutant KRAS antigens).  In one embodiment of the 

method, the subject is administered a mutant KRAS antigen-STING mRNA construct 

encoding a sequence shown in any of SEQ ID NOs: 107-130.   

 The disclosure also provides methods of treating or preventing a cancer in a subject in 

need thereof that involve providing or administering at least one mRNA composition 10 

described herein (i.e., an immune potentiator mRNA and an antigen-encoding mRNA, in the 

same or separate mRNA constructs) to the subject.  In related embodiments, the subject is 

provided with or administered a nanoparticle (e.g., a lipid nanoparticle) comprising the 

mRNA(s).  In further related embodiments, the subject is provided with or administered a 

pharmaceutical composition of the disclosure to the subject.  In particular embodiments, the 15 

pharmaceutical composition comprises an mRNA(s) encoding an antigen and an 

immunostimulatory polypeptide as described herein, or it comprises a nanoparticle 

comprising the mRNA(s).  In particular embodiments, the mRNA(s) is present in a 

nanoparticle, e.g., a lipid nanoparticle.  In particular embodiments, the mRNA(s) or 

nanoparticle is present in a pharmaceutical composition.   20 

 In certain embodiments, the subject in need thereof has been diagnosed with a cancer, 

or is considered to be at risk of developing a cancer.  In some embodiments, the cancer is 

liver cancer, colorectal cancer, a melanoma cancer, a pancreatic cancer, a NSCLC, a cervical 

cancer or a head or neck cancer.  In particular embodiments, the liver cancer is hepatocellular 

carcinoma.  In some embodiments, the colorectal cancer is a primary tumor or a metastasis.  25 

In some embodiments, the cancer is a hematopoetic cancer.  In some embodiments, the 

cancer is an acute myeloid leukemia, a chronic myeloid leukemia, a chronic myelomonocytic 

leukemia, a myelodystrophic syndrome (including refractory anemias and refractory 

cytopenias) or a myeloproliferative neoplasm or disease (including polycythemia vera, 

essential thrombocytosis and primary myelofibrosis).  In other embodiments, the cancer is a 30 

blood-based cancer or a hematopoetic cancer.  Selectivity for a particular cancer type can be 

achieved through the combination of use of an appropriate LNP formulation (e.g., targeting 

specific cell types) in combination with appropriate regulatory site(s) (e.g., microRNAs) 

engineered into the mRNA constructs. 
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 In some embodiments, the mRNA(s), nanoparticle, or pharmaceutical composition is 

administered to the patient parenterally.  In particular embodiments, the subject is a mammal, 

e.g., a human. In various embodiments, the subject is provided with an effective amount of 

the mRNA(s). 

The methods of treating cancer can further include treatment of the subject with 5 

additional agents that enhance an anti-tumor response in the subject and/or that are cytotoxic 

to the tumor (e.g., chemotherapeutic agents).  Suitable therapeutic agents for use in 

combination therapy include small molecule chemotherapeutic agents, including protein 

tyrosine kinase inhibitors, as well as biological anti-cancer agents, such as anti-cancer 

antibodies, including but not limited to those discussed further below.  Combination therapy 10 

can include administering to the subject an immune checkpoint inhibitor to enhance anti-

tumor immunity, such as PD-1 inhibitors, PD-L1 inhibitors and CTLA-4 inhibitors.  Other 

modulators of immune checkpoints may target OX-40, OX-40L or ICOS.  In one 

embodiment, an agent that modulates an immune checkpoint is an antibody.  In another 

embodiment, an agent that modulates an immune checkpoint is a protein or small molecule 15 

modulator.  In another embodiment, the agent (such as an mRNA) encodes an antibody 

modulator of an immune checkpoint. Non-limiting examples of immune checkpoint 

inhibitors that can be used in combination therapy include pembrolizumab, alemtuzumab, 

nivolumab, pidilizumab, ofatumumab, rituximab, MEDI0680 and PDR001, AMP-224, PF-

06801591, BGB-A317, REGN2810, SHR-1210, TSR-042, affimer, avelumab 20 

(MSB0010718C), atezolizumab (MPDL3280A), durvalumab (MEDI4736), BMS936559, 

ipilimumab, tremelimumab, AGEN1884, MEDI6469 and MOXR0916. 

A pharmaceutical composition including one or more mRNAs of the disclosure may 

be administered to a subject by any suitable route.  In some embodiments, compositions of 

the disclosure are administered by one or more of a variety of routes, including parenteral 25 

(e.g., subcutaneous, intracutaneous, intravenous, intraperitoneal, intramuscular, intraarticular, 

intraarterial, intrasynovial, intrasternal, intrathecal, intralesional, or intracranial injection, as 

well as any suitable infusion technique), oral, trans- or intra-dermal, interdermal, rectal, 

intravaginal, topical (e.g.. by powders, ointments, creams, gels, lotions, and/or drops), 

mucosal, nasal, buccal, enteral, vitreal, intratumoral, sublingual, intranasal; by intratracheal 30 

instillation, bronchial instillation, and/or inhalation; as an oral spray and/or powder, nasal 

spray, and/or aerosol, and/or through a portal vein catheter.  In some embodiments, a 

composition may be administered intravenously, intramuscularly, intradermally, intra-

arterially, intratumorally, subcutaneously, or by inhalation. In some embodiments, a 
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composition is administered intramuscularly.   However, the present disclosure encompasses 

the delivery of compositions of the disclosure by any appropriate route taking into 

consideration likely advances in the sciences of drug delivery.  In general, the most 

appropriate route of administration will depend upon a variety of factors including the nature 

of the pharmaceutical composition including one or more mRNAs (e.g., its stability in 5 

various bodily environments such as the bloodstream and gastrointestinal tract), and the 

condition of the patient (e.g., whether the patient is able to tolerate particular routes of 

administration).   

In certain embodiments, compositions of the disclosure may be administered at 

dosage levels sufficient to deliver from about 0.0001 mg/kg to about 10 mg/kg, from about 10 

0.001 mg/kg to about 10 mg/kg, from about 0.005 mg/kg to about 10 mg/kg, from about 0.01 

mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about 10 mg/kg, from about 1 mg/kg to 

about 10 mg/kg, from about 2 mg/kg to about 10 mg/kg, from about 5 mg/kg to about 10 

mg/kg, from about 0.0001 mg/kg to about 5 mg/kg, from about 0.001 mg/kg to about 5 

mg/kg, from about 0.005 mg/kg to about 5 mg/kg, from about 0.01 mg/kg to about 5 mg/kg, 15 

from about 0.1 mg/kg to about 10 mg/kg, from about 1 mg/kg to about 5 mg/kg, from about 2 

mg/kg to about 5 mg/kg, from about 0.0001 mg/kg to about 1 mg/kg, from about 0.001 mg/kg 

to about 1 mg/kg, from about 0.005 mg/kg to about 1 mg/kg, from about 0.01 mg/kg to about 

1 mg/kg, or from about 0.1 mg/kg to about 1 mg/kg in a given dose, where a dose of 1 mg/kg 

provides 1 mg of mRNA or nanoparticle per 1 kg of subject body weight.  In particular 20 

embodiments, a dose of about 0.005 mg/kg to about 5 mg/kg of mRNA or nanoparticle of the 

disclosure may be administrated.   

A dose may be administered one or more times per day, in the same or a different 

amount, to obtain a desired level of mRNA expression and/or effect (e.g., a therapeutic 

effect).  The desired dosage may be delivered, for example, three times a day, two times a 25 

day, once a day, every other day, every third day, every week, every two weeks, every three 

weeks, or every four weeks.  In certain embodiments, the desired dosage may be delivered 

using multiple administrations (e.g., two, three, four, five, six, seven, eight, nine, ten, eleven, 

twelve, thirteen, fourteen, or more administrations).  In some embodiments, a single dose 

may be administered, for example, prior to or after a surgical procedure or in the instance of 30 

an acute disease, disorder, or condition. The specific therapeutically effective, 

prophylactically effective, or otherwise appropriate dose level for any particular patient will 

depend upon a variety of factors including the severity and identify of a disorder being 

treated, if any; the one or more mRNAs employed; the specific composition employed; the 
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age, body weight, general health, sex, and diet of the patient; the time of administration, route 

of administration, and rate of excretion of the specific pharmaceutical composition employed; 

the duration of the treatment; drugs used in combination or coincidental with the specific 

pharmaceutical composition employed; and like factors well known in the medical arts.   

The immunomodulatory therapeutic compositions RNA (e.g., mRNA) and lipid 5 

nanoparticles of the disclosure may be administered by any route which results in a 

therapeutically effective outcome.  These include, but are not limited, to intradermal, 

intramuscular, intranasal, and/or subcutaneous administration.  The present disclosure 

provides methods comprising administering RNA compositions and lipid nanoparticles of the 

disclosure to a subject in need thereof.  The exact amount required will vary from subject to 10 

subject, depending on the species, age, and general condition of the subject, the severity of 

the disease, the particular composition, its mode of administration, its mode of activity, and 

the like.  RNA compositions and lipid nanoparticles of the disclosure are typically formulated in 

dosage unit form for ease of administration and uniformity of dosage.  It will be understood, 

however, that the total daily usage of RNA  (e.g., mRNA) compositions may be decided by 15 

the attending physician within the scope of sound medical judgment.  The specific 

therapeutically effective, prophylactically effective, or appropriate imaging dose level for any 

particular patient will depend upon a variety of factors including the disorder being treated 

and the severity of the disorder; the activity of the specific compound employed; the specific 

composition employed; the age, body weight, general health, sex and diet of the patient; the 20 

time of administration, route of administration, and rate of excretion of the specific 

compound employed; the duration of the treatment; drugs used in combination or 

coincidental with the specific compound employed; and like factors well known in the 

medical arts.   

The effective amount of an RNA composition or lipid nanoparticle of the disclosure, as 25 

provided herein, may be as low as 10 µg, administered for example as a single dose or as two 

5 µg doses.  In some embodiments, the effective amount is a total dose of 10 µg-300 µg.  For 

example, the effective amount may be a total dose of 10 µg, 20 µg, 25 µg, 30 µg, 35 µg, 40 

µg, 45 µg, 50 µg, 55 µg, 60 µg, 65 µg, 70 µg, 75 µg, 80 µg, 85 µg, 90 µg, 95 µg, 100 µg, 110 

µg, 120 µg, 130 µg, 140 µg, 150 µg, 160 µg, 170 µg, 180 µg, 190 µg or 200 µg, 210 µg, 220 30 

µg, 230 µg, 240 µg, 250 µg, 260 µg, 270 µg, 280 µg, 290 µg or 300 µg.  In some embodiments, 

the effective amount is a total dose of 10 µg-300 µg.  In some embodiments, the effective 

amount is a total dose of 30 µg-100 µg or 50 µg-200 µg. 



  MDN-015PC 

251 

In some embodiments, RNA (e.g., mRNA) compositions and lipid nanoparticles may be 

administered at dosage levels sufficient to deliver 0.0001 mg/kg to 100 mg/kg, 0.001 mg/kg 

to 0.05 mg/kg, 0.005 mg/kg to 0.05 mg/kg, 0.001 mg/kg to 0.005 mg/kg, 0.05 mg/kg to 0.5 

mg/kg, 0.01 mg/kg to 50 mg/kg, 0.1 mg/kg to 40 mg/kg, 0.5 mg/kg to 30 mg/kg, 0.01 mg/kg 

to 10 mg/kg, 0.1 mg/kg to 10 mg/kg, or 1 mg/kg to 25 mg/kg, of subject body weight per day, 5 

one or more times a day, per week, per month, etc. to obtain the desired therapeutic, 

diagnostic, prophylactic, or imaging effect (see e.g., the range of unit doses described in 

International Publication No. WO2013078199, herein incorporated by reference in its 

entirety).  The desired dosage may be delivered three times a day, two times a day, once a 

day, every other day, every third day, every week, every two weeks, every three weeks, every 10 

four weeks, every 2 months, every three months, every 6 months, etc.  In certain 

embodiments, the desired dosage may be delivered using multiple administrations (e.g., two, 

three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, or more 

administrations).  When multiple administrations are employed, split dosing regimens such as 

those described herein may be used.  In exemplary embodiments, RNA (e.g., mRNA) 15 

compositions may be administered at dosage levels sufficient to deliver 0.0005 mg/kg to 0.01 

mg/kg, e.g., about 0.0005 mg/kg to about 0.0075 mg/kg, e.g., about 0.0005 mg/kg, about 

0.001 mg/kg, about 0.002 mg/kg, about 0.003 mg/kg, about 0.004 mg/kg or about 0.005 

mg/kg. 

In some embodiments, RNA (e.g., mRNA) compositions may be administered once or 20 

twice (or more) at dosage levels sufficient to deliver 0.025 mg/kg to 0.250 mg/kg, 0.025 

mg/kg to 0.500 mg/kg, 0.025 mg/kg to 0.750 mg/kg, or 0.025 mg/kg to 1.0 mg/kg.   

In some embodiments, RNA (e.g., mRNA) compositions may be administered twice (e.g., 

Day 0 and Day 7, Day 0 and Day 14, Day 0 and Day 21, Day 0 and Day 28, Day 0 and Day 

60, Day 0 and Day 90, Day 0 and Day 120, Day 0 and Day 150, Day 0 and Day 180, Day 0 25 

and 3 months later, Day 0 and 6 months later, Day 0 and 9 months later, Day 0 and 12 

months later, Day 0 and 18 months later, Day 0 and 2 years later, Day 0 and 5 years later, or 

Day 0 and 10 years later) at a total dose of or at dosage levels sufficient to deliver a total dose 

of 0.0100 mg, 0.025 mg, 0.050 mg, 0.075 mg, 0.100 mg, 0.125 mg, 0.150 mg, 0.175 mg, 

0.200 mg, 0.225 mg, 0.250 mg, 0.275 mg, 0.300 mg, 0.325 mg, 0.350 mg, 0.375 mg, 0.400 30 

mg, 0.425 mg, 0.450 mg, 0.475 mg, 0.500 mg, 0.525 mg, 0.550 mg, 0.575 mg, 0.600 mg, 

0.625 mg, 0.650 mg, 0.675 mg, 0.700 mg, 0.725 mg, 0.750 mg, 0.775 mg, 0.800 mg, 0.825 

mg, 0.850 mg, 0.875 mg, 0.900 mg, 0.925 mg, 0.950 mg, 0.975 mg, or 1.0 mg.  Higher and 
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lower dosages and frequency of administration are encompassed by the present disclosure. 

For example, a RNA (e.g., mRNA) composition may be administered three or four times. 

In some embodiments, RNA (e.g., mRNA) compositions or lipid nanoparticles 

comprising the same may be administered twice (e.g., Day 0 and Day 7, Day 0 and Day 14, 

Day 0 and Day 21, Day 0 and Day 28, Day 0 and Day 60, Day 0 and Day 90, Day 0 and Day 5 

120, Day 0 and Day 150, Day 0 and Day 180, Day 0 and 3 months later, Day 0 and 6 months 

later, Day 0 and 9 months later, Day 0 and 12 months later, Day 0 and 18 months later, Day 0 

and 2 years later, Day 0 and 5 years later, or Day 0 and 10 years later) at a total dose of or at 

dosage levels sufficient to deliver a total dose of 0.010 mg, 0.025 mg, 0.100 mg or 0.400 mg.  

In some embodiments, the RNA (e.g., mRNA)composition or lipid nanoparticles comprising 10 

the same for use in a method of vaccinating a subject is administered the subject a single 

dosage of between 10 µg/kg and 400 µg/kg of the nucleic acid vaccine in an effective amount 

to vaccinate the subject.  In some embodiments, the RNA composition or lipid nanoparticles 

comprising the same for use in a method of vaccinating a subject is administered the subject a 

single dosage of between 10 µg and 400 µg of the nucleic acid vaccine in an effective amount 15 

to vaccinate the subject.  In some embodiments, a RNA (e.g., mRNA) composition or lipid 

nanoparticles comprising the same for use in a method of vaccinating a subject is administered 

to the subject as a single dosage of 25-1000 µg (e.g., a single dosage of mRNA encoding an 

antigen).  In some embodiments, a RNA composition is administered to the subject as a single 

dosage of 25, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 20 

850, 900, 950 or 1000 µg.  For example, a RNA composition may be administered to a subject 

as a single dose of 25-100, 25-500, 50-100, 50-500, 50-1000, 100-500, 100-1000, 250-500, 

250-1000, or 500-1000 µg.  In some embodiments, a RNA (e.g., mRNA) composition or lipid 

nanoparticles comprising the same for use in a method of vaccinating a subject is administered 

to the subject as two dosages, the combination of which equals 25-1000 µg of the RNA (e.g., 25 

mRNA) composition. 

An RNA (e.g., mRNA) composition or lipid nanoparticles comprising the same described 

herein can be formulated into a dosage form described herein, such as an intranasal, 

intratracheal, or injectable (e.g., intravenous, intraocular, intravitreal, intramuscular, 

intradermal, intracardiac, intraperitoneal, and subcutaneous). 30 

In some embodiments, a pharmaceutical composition of the disclosure may be 

administered in combination with another agent, for example, another therapeutic agent, a 

prophylactic agent, and/or a diagnostic agent.   By “in combination with,” it is not intended to 

imply that the agents must be administered at the same time and/or formulated for delivery 
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together, although these methods of delivery are within the scope of the present disclosure.  

For example, one or more compositions including one or more different mRNAs may be 

administered in combination.  Compositions can be administered concurrently with, prior to, 

or subsequent to, one or more other desired therapeutics or medical procedures.  In general, 

each agent will be administered at a dose and/or on a time schedule determined for that agent.  5 

In some embodiments, the present disclosure encompasses the delivery of compositions of 

the disclosure, or imaging, diagnostic, or prophylactic compositions thereof in combination 

with agents that improve their bioavailability, reduce and/or modify their metabolism, inhibit 

their excretion, and/or modify their distribution within the body.   

Exemplary therapeutic agents that may be administered in combination with the 10 

compositions of the disclosure include, but are not limited to, cytotoxic, chemotherapeutic, 

and other therapeutic agents.  Cytotoxic agents may include, for example, taxol, cytochalasin 

B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, teniposide, vincristine, 

vinblastine, colchicine, doxorubicin, daunorubicin, dihydroxyanthracinedione, mitoxantrone, 

mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, 15 

lidocaine, propranolol, puromycin, maytansinoids, rachelmycin, and analogs thereof.  

Radioactive ions may also be used as therapeutic agents and may include, for example, 

radioactive iodine, strontium, phosphorous, palladium, cesium, iridium, cobalt, yttrium, 

samarium, and praseodymium.  Other therapeutic agents may include, for example, 

antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, and 20 

5-fluorouracil, and decarbazine), alkylating agents (e.g., mechlorethamine, thiotepa, 

chlorambucil, rachelmycin, melphalan, carmustine, lomustine, cyclophosphamide, busulfan, 

dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP), 

and cisplatin), anthracyclines (e.g., daunorubicin and doxorubicin), antibiotics (e.g., 

dactinomycin, bleomycin, mithramycin, and anthramycin), and anti-mitotic agents (e.g., 25 

vincristine, vinblastine, taxol, and maytansinoids). 

The particular combination of therapies (therapeutics or procedures) to employ in a 

combination regimen will take into account compatibility of the desired therapeutics and/or 

procedures and the desired therapeutic effect to be achieved.  It will also be appreciated that 

the therapies employed may achieve a desired effect for the same disorder (for example, a 30 

composition useful for treating cancer may be administered concurrently with a 

chemotherapeutic agent), or they may achieve different effects (e.g., control of any adverse 

effects). 
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Immune checkpoint inhibitors such as pembrolizumab or nivolumab, which target the 

interaction between programmed death receptor 1/programmed death ligand 1 (PD-1/PD-L1) 

and PD-L2, have been recently approved for the treatment of various malignancies and are 

currently being investigated in clinical trials for various cancers including melanoma, head 

and neck squamous cell carcinoma (HNSCC).  5 

Accordingly, one aspect of the disclosure relates to combination therapy in which a 

subject is previously treated with a PD-1 antagonist prior to administration of a lipid 

nanoparticle or composition of the present disclosure. In another aspect, the subject has been 

treated with a monoclonal antibody that binds to PD-1 prior to administration of a lipid 

nanoparticle or composition of the present disclosure.  In another aspect, the subject has been 10 

administered a lipid nanoparticle or composition of the disclosure prior to treatment with an 

anti-PD-1 monoclonal antibody therapy. In some aspects, the anti-PD-1 monoclonal antibody 

therapy comprises nivolumab, pembrolizumab, pidilizumab, or any combination thereof. In 

some aspects, the anti-PD-1 monoclonal antibody comprises pembrolizumab. 

In another aspect, the subject has been treated with a monoclonal antibody that binds 15 

to PD-L1 prior to administration of a lipid nanoparticle or composition of the present 

disclosure. In another aspect, the subject is administered a lipid nanoparticle or composition 

prior to treatment with an anti-PD-L1 monoclonal antibody therapy.  In some aspects, the 

anti-PD-L1 monoclonal antibody therapy comprises durvalumab, avelumab, MEDI473, 

BMS-936559, aezolizumab, or any combination thereof.  20 

In some aspects, the subject has been treated with a CTLA-4 antagonist prior to 

treatment with the compositions of present disclosure. In another aspect, the subject has been 

previously treated with a monoclonal antibody that binds to CTLA-4 prior to administration 

of a lipid nanoparticle or composition of the present disclosure. In some aspects, the subject 

has been administered a lipid nanoparticle or composition prior to treatment with an anti-25 

CTLA-4 monoclonal antibody. In some aspects, the anti-CTLA-4 antibody therapy comprises 

ipilimumab or tremelimumab. 

In any of the foregoing or related aspects, the disclosure provides a lipid nanoparticle, 

and an optional pharmaceutically acceptable carrier, or a pharmaceutical composition for use 

in treating or delaying progression of cancer in an individual, wherein the treatment 30 

comprises administration of the composition in combination with a second composition, 

wherein the second composition comprises a checkpoint inhibitor polypeptide and an 

optional pharmaceutically acceptable carrier. 
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In any of the foregoing or related aspects, the disclosure provides use of a lipid 

nanoparticle, and an optional pharmaceutically acceptable carrier, in the manufacture of a 

medicament for treating or delaying progression of cancer in an individual, wherein the 

medicament comprises the lipid nanoparticle and an optional pharmaceutically acceptable 

carrier and wherein the treatment comprises administration of the medicament in combination 5 

with a composition comprising a checkpoint inhibitor polypeptide and an optional 

pharmaceutically acceptable carrier. 

In any of the foregoing or related aspects, the disclosure provides a kit comprising a 

container comprising a lipid nanoparticle, and an optional pharmaceutically acceptable 

carrier, or a pharmaceutical composition, and a package insert comprising instructions for 10 

administration of the lipid nanoparticle or pharmaceutical composition for treating or 

delaying progression of cancer in an individual.  In some aspects, the package insert further 

comprises instructions for administration of the lipid nanoparticle or pharmaceutical 

composition in combination with a composition comprising a checkpoint inhibitor 

polypeptide and an optional pharmaceutically acceptable carrier for treating or delaying 15 

progression of cancer in an individual. 

In any of the foregoing or related aspects, the disclosure provides a kit comprising a 

medicament comprising a lipid nanoparticle, and an optional pharmaceutically acceptable 

carrier, or a pharmaceutical composition, and a package insert comprising instructions for 

administration of the medicament alone or in combination with a composition comprising a 20 

checkpoint inhibitor polypeptide and an optional pharmaceutically acceptable carrier for 

treating or delaying progression of cancer in an individual.  In some aspects, the kit further 

comprises a package insert comprising instructions for administration of the first medicament 

prior to, current with, or subsequent to administration of the second medicament for treating 

or delaying progression of cancer in an individual.  25 

In any of the foregoing or related aspects, the disclosure provides a lipid nanoparticle, 

a composition, or the use thereof, or a kit comprising a lipid nanoparticle or a composition as 

described herein, wherein the checkpoint inhibitor polypeptide inhibits PD1, PD-L1, CTLA4, 

or a combination thereof.  In some aspects, the checkpoint inhibitor polypeptide is an 

antibody.  In some aspects, the checkpoint inhibitor polypeptide is an antibody selected from 30 

an anti-CTLA4 antibody or antigen-binding fragment thereof that specifically binds CTLA4, 

an anti-PD1 antibody or antigen-binding fragment thereof that specifically binds PD1, an 

anti-PD-L1 antibody or antigen-binding fragment thereof that specifically binds PD-L1, and a 

combination thereof.  In some aspects,  the checkpoint inhibitor polypeptide is an anti-PD-L1 
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antibody selected from atezolizumab, avelumab, or durvalumab. In some aspects, the 

checkpoint inhibitor polypeptide is an anti-CTLA-4 antibody selected from tremelimumab or 

ipilimumab. In some aspects, the checkpoint inhibitor polypeptide is an anti-PD1 antibody 

selected from nivolumab or pembrolizumab.  In some asepcts, the checkpoint inhibitor 

polypeptide is an anti-PD1 antibody, wherein the anti-PD1 antibody is pembrolizumab. 5 

In related aspects, the disclosure provides a method of reducing or decreasing a size 

of a tumor or inhibiting a tumor growth in a subject in need thereof comprising administering 

to the subject any of the foregoing or related lipid nanoparticles of the disclosure, or any of 

the foregoing or related compositions of the disclosure.   

In related aspects, the disclosure provides a method inducing an anti-tumor response 10 

in a subject with cancer comprising administering to the subject any of the foregoing or 

related lipid nanoparticles of the disclosure, or any of the foregoing or related compositions 

of the disclosure.  In some aspects, the anti-tumor response comprises a T-cell response.  In 

some aspects, the T-cell response comprises CD8+ T cells.   

In some aspects of the foregoing methods, the method further comprises 15 

administering a second composition comprising a checkpoint inhibitor polypeptide, and an 

optional pharmaceutically acceptable carrier.  In some aspects, the checkpoint inhibitor 

polypeptide inhibits PD1, PD-L1, CTLA4, or a combination thereof.  In some aspects, the 

checkpoint inhibitor polypeptide is an antibody.  In some aspects, the checkpoint inhibitor 

polypeptide is an antibody selected from an anti-CTLA4 antibody or antigen-binding 20 

fragment thereof that specifically binds CTLA4, an anti-PD1 antibody or antigen-binding 

fragment thereof that specifically binds PD1, an anti-PD-L1 antibody or antigen-binding 

fragment thereof that specifically binds PD-L1, and a combination thereof.  In some aspects, 

the checkpoint inhibitor polypeptide is an anti-PD-L1 antibody selected from atezolizumab, 

avelumab, or durvalumab.  In some aspects, the checkpoint inhibitor polypeptide is an anti-25 

CTLA-4 antibody selected from tremelimumab or ipilimumab. In some aspects, the 

checkpoint inhibitor polypeptide is an anti-PD1 antibody selected from nivolumab or 

pembrolizumab.  In some asepcts, the checkpoint inhibitor polypeptide is an anti-PD1 

antibody, wherein the anti-PD1 antibody is pembrolizumab. 

In some aspects of any of the foregoing or related methods, the composition 30 

comprising the checkpoint inhibitor polypeptide is administered by intravenous injection.  In 

some aspects, the composition comprising the checkpoint inhibitor polypeptide is 

administered once every 2 to 3 weeks.  In some aspects, the composition comprising the 

checkpoint inhibitor polypeptide is administered once every 2 weeks or once every 3 weeks.  
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In some aspects, the composition comprising the checkpoint inhibitor polypeptide is 

administered prior to, concurrent with, or subsequent to administration of the lipid 

nanoparticle or pharmaceutical composition thereof.   

In some aspects of any of the foregoing or related methods, the subject has a 

histologically confirmed KRAS mutation selected from G12D, G12V, G13D or G12C.  5 

In some aspects of any of the foregoing or related methods, the subject has metastatic 

colorectal cancer. 

In some aspects of any of the foregoing or related methods, the subject has 

non-small cell lung cancer (NSCLC). 

In some aspects of any of the foregoing or related methods, the subject has pancreatic 10 

cancer. 

In any of the foregoing or related aspects, the disclosure provides pharmaceutical 

composition comprising the lipid nanoparticle, and a pharmaceutically acceptable carrier.  In 

some aspects, the pharmaceutical composition is formulated for intramuscular delivery.   

 15 

Other Embodiments of the Disclosure 

E1. An immunomodulatory therapeutic composition, comprising: 

 one or more mRNA each having an open reading frame encoding an activating 

oncogene mutation peptide; 

 one or more mRNA each having an open reading frame encoding a polypeptide that 20 

enhances an immune response to the activating oncogene mutation peptide in a subject, 

wherein the immune response comprises a cellular or humoral immune response 

characterized by: 

 (i) stimulating Type I interferon pathway signaling, 

 (ii) stimulating NFkB pathway signaling, 25 

 (iii) stimulating an inflammatory response, 

 (iv) stimulating cytokine production, 

 (v) stimulating dendritic cell development, activity or mobilization, and  

 (vi) a combination of any of (i)-(v); and  

 a pharmaceutically acceptable carrier. 30 

E2. The immunomodulatory therapeutic composition of embodiment 1, wherein the activating 

oncogene mutation is a KRAS mutation. 

E3. The immunomodulatory therapeutic composition of embodiment 2, wherein the KRAS 

mutation is a G12 mutation. 
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E4. The immunomodulatory therapeutic composition of embodiment 3, wherein the G12 

KRAS mutation is selected from G12D, G12V, G12S, G12C, G12A, and G12R KRAS 

mutations. 

E5. The immunomodulatory therapeutic composition of embodiment 3, wherein the G12 

KRAS mutation is selected from G12D, G12V, and G12C KRAS mutations.  5 

E6. The immunomodulatory therapeutic composition of any one of embodiments 2-5, wherein 

the KRAS mutation is a G13 mutation. 

E7. The immunomodulatory therapeutic composition of embodiment 6, wherein the G13 

KRAS mutation is a G13D KRAS mutation. 

E8. The immunomodulatory therapeutic composition of embodiment 1, wherein the activating 10 

oncogene mutation is a H-RAS or N-RAS mutation. 

E9. The immunomodulatory therapeutic composition of any one of embodiments 1-8, wherein 

the mRNA has an open reading frame encoding a concatemer of two or more activating 

oncogene mutation peptides. 

E10. The immunomodulatory therapeutic composition of embodiment 9, wherein the 15 

concatemer comprises 3, 4, 5, 6, 7, 8, 9, or 10 activating oncogene mutation peptides. 

E11. The immunomodulatory therapeutic composition of embodiment 9, wherein the 

concatemer comprises 4 activating oncogene mutation peptides. 

E12. The immunomodulatory therapeutic composition of embodiment 11, wherein the 

concatemer comprises KRAS activating oncogene mutation peptides G12D, G12V, G12C, 20 

and G13D.  

E13. The immunomodulatory therapeutic composition of embodiment 12, wherein the 

concatemer comprises from N- to C- terminus G12D, G12V, G13D, and G12C.  

E14. The immunomodulatory therapeutic composition of embodiment 12, wherein the 

concatemer comprises from N- to C- terminus G12C, G13D, G12V, and G12D.  25 

E15. The immunomodulatory therapeutic composition of any one of embodiments 1-8, 

wherein the composition comprises 1, 2, 3, or 4 mRNAs encoding 1, 2, 3, or 4 activating 

oncogene mutation peptides. 

E16. The immunomodulatory therapeutic composition of embodiment 15, wherein the 

composition comprises 4 mRNAs encoding 4 activating oncogene mutation peptides. 30 

E17. The immunomodulatory therapeutic composition of embodiment 16, wherein the 4 

mRNAs encode KRAS activating oncogene mutation peptides G12D, G12V, G12C, and 

G13D.  
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E18. The immunomodulatory therapeutic composition of any one of embodiments 1-17, 

wherein the activating oncogene mutation peptide comprises 10-30, 15-25, or 20-25 amino 

acids in length. 

E19. The immunomodulatory therapeutic composition of embodiment 18, wherein the 

activating oncogene mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in 5 

length.  

E20. The immunomodulatory therapeutic composition of embodiment 19, wherein the 

activating oncogene mutation peptide comprises 25 amino acids in length.  

E21. The immunomodulatory therapeutic composition of any one of embodiments 1-20, 

wherein the mRNA encoding a polypeptide that enhances an immune response to the 10 

activating oncogene mutation peptide in a subject encodes a constitutively active human 

STING polypeptide. 

E22. The immunomodulatory therapeutic composition of embodiment 21, wherein the  

constitutively active human STING polypeptide comprises one or more mutations selected 

from the group consisting of V147L, N154S, V155M, R284M, R284K, R284T, E315Q, 15 

R375A, and combinations thereof.  

E23. The immunomodulatory therapeutic composition of embodiment 22, wherein the 

constitutively active human STING polypeptide comprises mutation V155M.   

E24. The immunomodulatory therapeutic composition of embodiment 22, wherein the 

constitutively active human STING polypeptide comprises mutations V147L/N154S/V155M.   20 

E25. The immunomodulatory therapeutic composition of embodiment 22, wherein the 

constitutively active human STING polypeptide comprises mutations 

R284M/V147L/N154S/V155M.   

E26. The immunomodulatory therapeutic composition of embodiment 22, wherein the 

constitutively active human STING polypeptide comprises an amino acid sequence shown in 25 

any one of SEQ ID NOs: 1-10 and 164. 

E27. The immunomodulatory therapeutic composition of any one of embodiments 21-26, 

wherein the mRNA encoding the constitutively active human STING polypeptide comprises 

a 3' UTR comprising at least one miR-122 microRNA binding site. 

E28. The immunomodulatory therapeutic composition of any one of embodiments 1-20, 30 

wherein the mRNA encoding a polypeptide that enhances an immune response to the 

activating oncogene mutation peptide in a subject encodes a constitutively active human IRF3 

polypeptide. 
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E29. The immunomodulatory therapeutic composition of embodiment 28, wherein the 

constitutively active human IRF3 polypeptide comprises an S396D mutation. 

E30. The immunomodulatory therapeutic composition of embodiment 28, wherein the 

constitutively active human IRF3 polypeptide comprises an amino acid sequence shown in 

SEQ ID NOs: 12. 5 

E31. The immunomodulatory therapeutic composition of any one of embodiments 1-20, 

wherein the mRNA encoding a polypeptide that enhances an immune response to the 

activating oncogene mutation peptide in a subject encodes a constitutively active human IRF7 

polypeptide. 

E32. The immunomodulatory therapeutic composition of embodiment 31,  wherein the 10 

constitutively active human IRF7 polypeptide comprises one or more mutations selected from 

the group consisting of S475D, S476D, S477D, S479D, L480D, S483D, S487D, deletion of 

amino acids 247-467, deletion of amino acid residues 152-246, deletion of amino acid 

residues 1-151, and combinations thereof. 

E33. The immunomodulatory therapeutic composition of embodiment 31, wherein the 15 

constitutively active human IRF7 polypeptide comprises an amino acid sequence shown in 

any one of SEQ ID NOs: 14-18. 

E34. The immunomodulatory therapeutic composition of any one of embodiments 1-33, 

wherein the composition further comprises a cancer therapeutic agent. 

E35. The immunomodulatory therapeutic composition of any one of embodiments 1-33, 20 

wherein the composition further comprises an inhibitory checkpoint polypeptide. 

E36. The immunomodulatory therapeutic composition of embodiment 35, wherein the 

inhibitory checkpoint polypeptide is an antibody or fragment thereof that specifically binds to 

a molecule selected from the group consisting of PD-1, PD-L1, TIM-3, VISTA, A2AR, B7-

H3, B7-H4, BTLA, CTLA-4, IDO, KIR and LAG3. 25 

E37. The immunomodulatory therapeutic composition of any one of embodiments 1-33, 

wherein the mRNA is formulated in a lipid nanoparticle. 

E38. The immunomodulatory therapeutic composition of embodiment 37, wherein the lipid 

nanoparticle comprises a molar ratio of about 20-60% ionizable amino lipid: 5-25% 

phospholipid: 25-55% sterol; and 0.5-15% PEG-modified lipid. 30 

E39. The immunomodulatory therapeutic composition of embodiment 38, wherein the 

ionizable amino lipid is selected from the group consisting of for example, 2,2-dilinoleyl-4-

dimethylaminoethyl-[1,3]-dioxolane (DLin-KC2-DMA), dilinoleyl-methyl-4-
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dimethylaminobutyrate (DLin-MC3-DMA), and di((Z)-non-2-en-1-yl) 9-((4-

(dimethylamino)butanoyl)oxy)heptadecanedioate (L319). 

E40. The immunomodulatory therapeutic composition of any one of embodiments 1-39, 

wherein each mRNA includes at least one chemical modification.  

E41. The immunomodulatory therapeutic composition of embodiment 40, wherein the 5 

chemical modification is selected from the group consisting of pseudouridine, N1-

methylpseudouridine, 2-thiouridine, 4’-thiouridine, 5-methylcytosine, 2-thio-1-methyl-1-

deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-thio-5-aza-uridine, 2-thio-

dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-

pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-pseudouridine, 4-thio-10 

pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-methyluridine, 5-methyluridine, 5-

methoxyuridine, and 2’-O-methyl uridine. 

E42. An immunomodulatory therapeutic composition, comprising: 

one or more mRNA each having an open reading frame encoding a KRAS activating 

oncogene mutation peptide; 15 

one or more mRNA each having an open reading frame encoding a constitutively 

active human STING polypeptide; and  

a pharmaceutically acceptable carrier. 

E43. The immunomodulatory therapeutic composition of embodiment 42, wherein the 

constitutively active human STING polypeptide comprises mutation V155M.   20 

E44. The immunomodulatory therapeutic composition of embodiment 43, wherein the 

constitutively active human STING polypeptide comprises an amino acid sequence shown in 

SEQ ID NO: 1. 

E45. The immunomodulatory therapeutic composition of any one of embodiments 42-44, 

wherein the mRNA encoding the constitutively active human STING polypeptide comprises 25 

a 3' UTR comprising at least one miR-122 microRNA binding site. 

E46.  The immunomodulatory therapeutic composition of any one of embodiments 42-45, 

wherein the KRAS activating oncogene mutation peptide is selected from G12D, G12V, 

G12S, G12C, G12A, G12R, and G13D. 

E47. The immunomodulatory therapeutic composition of embodiment 46, wherein the KRAS 30 

activating oncogene mutation peptide is selected from G12D, G12V, G12C, and G13D. 

E48. The immunomodulatory therapeutic composition of any one of embodiments 42-47, 

wherein the mRNA has an open reading frame encoding a concatemer of two or more KRAS 

activating oncogene mutation peptides. 
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E49. The immunomodulatory therapeutic composition of embodiment 48, wherein the 

concatemer comprises 3, 4, 5, 6, 7, 8, 9 or 10 KRAS activating oncogene mutation peptides. 

E50. The immunomodulatory therapeutic composition of embodiment 49, wherein the 

concatemer comprises 4 KRAS activating oncogene mutation peptides. 

E51. The immunomodulatory therapeutic composition of embodiment 50, wherein the 5 

concatemer comprises G12D, G12V, G12C, and G13D.  

E52. The immunomodulatory therapeutic composition of embodiment 51, wherein the 

concatemer comprises from N- to C- terminus G12D, G12V, G13D, and G12C.  

E53. The immunomodulatory therapeutic composition of embodiment 51, wherein the 

concatemer comprises from N- to C- terminus G12C, G13D, G12V, and G12D.  10 

E54. The immunomodulatory therapeutic composition of any one of embodiments 42-47, 

wherein the composition comprises 1, 2, 3, or 4 mRNAs encoding 1, 2, 3, or 4 KRAS 

activating oncogene mutation peptides. 

E55. The immunomodulatory therapeutic composition of embodiment 54, wherein the 

composition comprises 4 mRNAs encoding 4 KRAS activating oncogene mutation peptides. 15 

E56. The immunomodulatory therapeutic composition of embodiment 54, wherein the 4 

KRAS activating oncogene mutation peptides comprise G12D, G12V, G12C, and G13D.  

E57. The immunomodulatory therapeutic composition of any one of embodiments 42-56, 

wherein the KRAS activating oncogene mutation peptide comprises 10-30, 15-25, or 20-25 

amino acids in length. 20 

E58. The immunomodulatory therapeutic composition of embodiment 57, wherein the KRAS 

activating oncogene mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in 

length.  

E59. The immunomodulatory therapeutic composition of embodiment 58, wherein the 

activating oncogene mutation peptide comprises 25 amino acids in length.  25 

E60. The immunomodulatory therapeutic composition of embodiment 51, wherein the 

concatemer comprises an amino acid sequence selected from the group set forth in SEQ ID 

NOs: 42-47, 73 and 137. 

E61. The immunomodulatory therapeutic composition of embodiment 51, wherein the mRNA 

encoding the concatemer comprises the nucleotide sequence selected from the group set forth 30 

in SEQ ID NOs: 129-131, 133 and 138. 

E62. The immunomodulatory therapeutic composition of embodiment 54, wherein the KRAS 

activating oncogene mutation peptides comprise an amino acid sequence selected from the 

group set forth in SEQ ID NOs: 36-41, 72 and 125. 
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E63. The immunomodulatory therapeutic composition of embodiment 54, wherein the KRAS 

activating oncogene mutation peptides comprise the amino acid sequence set forth in SEQ ID 

NOs: 39-41.  

E64. The immunomodulatory therapeutic composition of embodiment 55, wherein the KRAS 

activating oncogene mutation peptides comprise the amino acid sequences set forth in SEQ 5 

ID NOs: 39-41 and 72.  

E65. The immunomodulatory therapeutic composition of embodiment 63, wherein the mRNA 

encoding the KRAS activating oncogene mutation peptide comprises a nucleotide sequence 

selected from the group set forth in SEQ ID NOs: 126-128.  

E66. The immunomodulatory therapeutic composition of embodiment 64, wherein the mRNA 10 

encoding the KRAS activating oncogene mutation peptide comprises the nucleotide 

sequences set forth in SEQ ID NOs: 126-128 and 132. 

E67. The immunomodulatory therapeutic composition of any one of embodiments 42-66, 

wherein each mRNA is formulated in the same or different lipid nanoparticle. 

E68. The immunomodulatory therapeutic composition of embodiment 67, wherein each 15 

mRNA encoding a KRAS activating oncogene mutation peptide is formulated in the same or 

different lipid nanoparticle. 

E69. The immunomodulatory therapeutic composition of embodiment 68, wherein each 

mRNA encoding constitutively active human STING is formulated in the same or different 

lipid nanoparticle. 20 

E70. The immunomodulatory therapeutic composition of any one of embodiments 68-69, 

wherein each mRNA encoding a KRAS activating oncogene mutation peptide is formulated 

in the same lipid nanoparticle and each mRNA encoding constitutively active human STING 

is formulated in a different lipid nanoparticle. 

E71. The immunomodulatory therapeutic composition of any one of embodiments 68-69, 25 

wherein each mRNA encoding a KRAS activating oncogene mutation peptide is formulated 

in the same lipid nanoparticle and each mRNA encoding constitutively active human STING 

is formulated in the same lipid nanoparticle as each mRNA encoding a KRAS activating 

oncogene mutation peptide. 

E72. The immunomodulatory therapeutic composition of any one of embodiments 68-69, 30 

wherein each mRNA encoding a KRAS activating oncogene mutation peptide is formulated 

in a different lipid nanoparticle and each mRNA encoding constitutively active human 

STING is formulated in the same lipid nanoparticle as each mRNA encoding each KRAS 

activating oncogene mutation peptide. 
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E73. The immunomodulatory therapeutic composition of any one of embodiments 68-72, 

wherein the lipid nanoparticle comprises a molar ratio of about 20-60% ionizable amino 

lipid: 5-25% phospholipid: 25-55% sterol; and 0.5-15% PEG-modified lipid. 

E74. The immunomodulatory therapeutic composition of embodiment 73, wherein the 

ionizable amino lipid is selected from the group consisting of for example, 2,2-dilinoleyl-4-5 

dimethylaminoethyl-[1,3]-dioxolane (DLin-KC2-DMA), dilinoleyl-methyl-4-

dimethylaminobutyrate (DLin-MC3-DMA), and di((Z)-non-2-en-1-yl) 9-((4-

(dimethylamino)butanoyl)oxy)heptadecanedioate (L319). 

E75. The immunomodulatory therapeutic composition of any one of embodiments 42-74, 

wherein each mRNA includes at least one chemical modification.  10 

E76. The immunomodulatory therapeutic composition of embodiment 75, wherein the 

chemical modification is selected from the group consisting of pseudouridine, N1-

methylpseudouridine, 2-thiouridine, 4’-thiouridine, 5-methylcytosine, 2-thio-1-methyl-1-

deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-thio-5-aza-uridine, 2-thio-

dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-15 

pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-pseudouridine, 4-thio-

pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-methyluridine, 5-methyluridine, 5-

methoxyuridine, and 2’-O-methyl uridine. 

E77. A lipid nanoparticle comprising: 

an mRNA having an open reading frame encoding a concatemer of 4 KRAS 20 

activating oncogene mutation peptides, wherein the 4 KRAS activating oncogene mutation 

peptides comprise G12D, G12V, G12C, and G13D; and 

an mRNA having an open reading frame encoding a constitutively active human 

STING polypeptide. 

E78. The lipid nanoparticle of embodiment 77, wherein the concatemer comprises from N- to 25 

C- terminus G12D, G12V, G13D, and G12C.  

E79. The lipid nanoparticle of embodiment 77, wherein the concatemer comprises from N- to 

C- terminus G12C, G13D, G12V, and G12D. 

E80. The lipid nanoparticle of any one of embodiments 77 to 79, wherein each KRAS 

activating oncogene mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in 30 

length.  

E81. The lipid nanoparticle of embodiment 80, wherein each KRAS activating oncogene 

mutation peptide comprises 25 amino acids in length.  
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E82. The lipid nanoparticle of embodiment 77, wherein the concatemer comprises an amino 

acid sequence set forth in SEQ ID NO: 137. 

E83. The lipid nanoparticle of embodiment 77, wherein the mRNA encoding the concatemer 

of 4 KRAS activating oncogene mutation peptides comprises the nucleotide sequence set 

forth in SEQ ID NO: 138.  5 

E84. The lipid nanoparticle of any one of embodiments 77-83, wherein the constitutively 

active human STING polypeptide comprises mutation V155M. 

E85. The lipid nanoparticle of embodiment 84, wherein the constitutively active human 

STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 1. 

E86. The lipid nanoparticle of embodiment 84, wherein the mRNA encoding the constitutively 10 

active human STING polypeptide comprises a 3' UTR comprising at least one miR-122 

microRNA binding site. 

E87. The lipid nanoparticle of embodiment 84, wherein the mRNA encoding the constitutively 

active human STING polypeptide comprises the nucleotide sequence shown in SEQ ID NO: 

139. 15 

E88.  A lipid nanoparticle comprising: 

an mRNA having an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12D; 

an mRNA having an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12V;  20 

an mRNA having an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12C;  

an mRNA having an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G13D; and 

an mRNA having an open reading frame encoding a constitutively active human 25 

STING polypeptide. 

E89. The lipid nanoparticle of embodiment 88, wherein each KRAS activating oncogene 

mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in length.  

E90. The lipid nanoparticle of embodiment 89, wherein each KRAS activating oncogene 

mutation peptide comprises 25 amino acids in length.  30 

E91. The lipid nanoparticle of embodiment 88, wherein the KRAS activating oncogene 

mutation peptides comprise the amino acid sequences set forth in SEQ ID NOs: 39-41 and 

72. 
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E92. The lipid nanoparticle of embodiment 88, wherein the mRNAs encoding the KRAS 

activating oncogene mutation peptides comprise the nucleotide sequences set forth in SEQ ID 

NOs: 126-128 and 132.  

E93. The lipid nanoparticle of any one of embodiments 88-92, wherein the constitutively 

active human STING polypeptide comprises mutation V155M. 5 

E94. The lipid nanoparticle of embodiment 93, wherein the constitutively active human 

STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 1. 

E95. The lipid nanoparticle of embodiment 94, wherein the mRNA encoding the constitutively 

active human STING polypeptide comprises a 3' UTR comprising at least one miR-122 

microRNA binding site. 10 

E96. The lipid nanoparticle of embodiment 94, wherein the mRNA encoding the constitutively 

active human STING polypeptide comprises the nucleotide sequence shown in SEQ ID NO: 

139. 

E97. A lipid nanoparticle comprising: 

an mRNA having an open reading frame encoding a KRAS activating oncogene 15 

mutation peptide comprising G12D; and 

an mRNA having an open reading frame encoding a constitutively active human 

STING polypeptide. 

E98. A lipid nanoparticle comprising: 

an mRNA having an open reading frame encoding a KRAS activating oncogene 20 

mutation peptide comprising G12V; and 

an mRNA having an open reading frame encoding a constitutively active human 

STING polypeptide. 

E99. A lipid nanoparticle comprising: 

an mRNA having an open reading frame encoding a KRAS activating oncogene 25 

mutation peptide comprising G12C; and 

an mRNA having an open reading frame encoding a constitutively active human 

STING polypeptide. 

E100. A lipid nanoparticle comprising: 

an mRNA having an open reading frame encoding a KRAS activating oncogene 30 

mutation peptide comprising G13D; and 

an mRNA having an open reading frame encoding a constitutively active human 

STING polypeptide. 
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E101. The lipid nanoparticle of any one of embodiments 97-100, wherein each KRAS 

activating oncogene mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in 

length.  

E102. The lipid nanoparticle of embodiment 101, wherein each KRAS activating oncogene 

mutation peptide comprises 25 amino acids in length.  5 

E103. The lipid nanoparticle of embodiment 97, wherein the KRAS activating oncogene 

mutation peptide comprises the amino acid sequence set forth in SEQ ID NO: 39.  

E104. The lipid nanoparticle of embodiment 97, wherein the mRNA encoding the KRAS 

activattng oncogene mutation peptide comprises the nucleotide sequence set forth in SEQ ID 

NOs: 126.  10 

E105. The lipid nanoparticle of embodiment 98, wherein the KRAS activating oncogene 

mutation peptide comprises the amino acid sequence set forth in SEQ ID NO:40.  

E106. The lipid nanoparticle of embodiment 98, wherein the mRNA encoding the KRAS 

activating oncogene mutation peptide comprises the nucleotide sequence set forth in SEQ ID 

NOs: 127. 15 

E107. The lipid nanoparticle of embodiment 99, wherein the KRAS activating oncogene 

mutation peptide comprises the amino acid sequence set forth in SEQ ID NO: 72. 

E108. The lipid nanoparticle of embodiment 99, wherein the mRNA encoding the KRAS 

activating oncogene mutation peptide comprises the nucleotide sequence set forth in SEQ ID 

NO: 132. 20 

E109. The lipid nanoparticle of embodiment 100, wherein the KRAS activating oncogene 

mutation peptide comprises the amino acid sequence set forth in SEQ ID NO: 41. 

E110. The lipid nanoparticle of embodiment 100, wherein the mRNA encoding the KRAS 

activating oncogene mutation peptide comprises the nucleotide sequence set forth in SEQ ID 

NO: 128. 25 

E111. The lipid nanoparticle of any one of embodiments 97-110, wherein the constitutively 

active human STING polypeptide comprises mutation V155M. 

E112. The lipid nanoparticle of embodiment 111, wherein the constitutively active human 

STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 1. 

E113. The lipid nanoparticle of embodiment 111, wherein the mRNA encoding the 30 

constitutively active human STING polypeptide comprises a 3' UTR comprising at least one 

miR-122 microRNA binding site. 
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E114. The lipid nanoparticle of embodiment 111, wherein the mRNA encoding the 

constitutively active human STING polypeptide comprises the nucleotide sequence shown in 

SEQ ID NO: 139. 

E115. A method for treating a subject, comprising:  

administering to a subject having cancer the immunomodulatory therapeutic composition of 5 

any one of embodiments 1-76 or the lipid nanoparticle of any one of embodiments 77-114.  

E116.  The method of embodiment 115, wherein immunomodulatory therapeutic composition 

or lipid nanoparticle is administered in combination with a cancer therapeutic agent. 

E117. The method of embodiment 115 or 116, wherein immunomodulatory therapeutic 

composition or lipid nanoparticle is administered in combination with an inhibitory 10 

checkpoint polypeptide. 

E118. The method of embodiment 117, wherein the inhibitory checkpoint polypeptide is an 

antibody or fragment thereof that specifically binds to a molecule selected from the group 

consisting of PD-1, PD-L1, TIM-3, VISTA, A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, 

KIR and LAG3. 15 

E119. The method of any one of embodiments 115-118, wherein the cancer is selected from 

cancer of the pancreas, peritoneum, large intestine, small intestine, biliary tract, lung, 

endometrium, ovary, genital tract, gastrointestinal tract, cervix, stomach, urinary tract, colon, 

rectum, and hematopoietic and lymphoid tissues.   

E120. The method of embodiment 113, wherein the cancer is colorectal cancer. 20 

E121. A lipid nanoparticle comprising: 

a first mRNA having an open reading frame encoding a concatemer of 4 KRAS 

activating oncogene mutation peptides, wherein the 4 KRAS activating oncogene mutation 

peptides comprise G12D, G12V, G12C, and G13D; and 

a second mRNA having an open reading frame encoding a constitutively active 25 

human STING polypeptide, 

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1. 

E122. The lipid nanoparticle of embodiment 121, wherein the concatemer comprises from N- 

to C- terminus G12D, G12V, G13D, and G12C.  30 

E123. The lipid nanoparticle of embodiment 121, wherein the concatemer comprises from N- 

to C- terminus G12C, G13D, G12V, and G12D. 
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E124. The lipid nanoparticle of any one of embodiments 121 to 123, wherein each KRAS 

activating oncogene mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in 

length.  

E125. The lipid nanoparticle of embodiment 124, wherein each KRAS activating oncogene 

mutation peptide comprises 25 amino acids in length.  5 

E126. The lipid nanoparticle of embodiment 121, wherein the concatemer comprises an amino 

acid sequence set forth in SEQ ID NO: 137. 

E127. The lipid nanoparticle of embodiment 121, wherein the mRNA encoding the 

concatemer of 4 KRAS activating oncogene mutation peptides comprises the nucleotide 

sequence set forth in SEQ ID NO: 138.  10 

E128. The lipid nanoparticle of any one of embodiments 121-127, wherein the constitutively 

active human STING polypeptide comprises mutation V155M. 

E129. The lipid nanoparticle of embodiment 128, wherein the constitutively active human 

STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 1. 

E130. The lipid nanoparticle of embodiment 128, wherein the mRNA encoding the 15 

constitutively active human STING polypeptide comprises a 3' UTR comprising at least one 

miR-122 microRNA binding site. 

E131. The lipid nanoparticle of embodiment 128, wherein the mRNA encoding the 

constitutively active human STING polypeptide comprises the nucleotide sequence shown in 

SEQ ID NO: 139. 20 

E132. A lipid nanoparticle comprising: 

a first mRNA having an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12D; 

a second mRNA having an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12V;  25 

a third mRNA having an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G12C;  

a fourth mRNA having an open reading frame encoding a KRAS activating oncogene 

mutation peptide comprising G13D; and 

a fifth mRNA having an open reading frame encoding a constitutively active human 30 

STING polypeptide,  

wherein the first, second, third, fourth and fifth mRNAs are present at a 

KRAS:STING mass ratio selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 

7:1, 8:1, 9:1 or 10:1. 



  MDN-015PC 

270 

E133. The lipid nanoparticle of embodiment 132, wherein each KRAS activating oncogene 

mutation peptide comprises 20, 21, 22, 23, 24, or 25 amino acids in length.  

E134. The lipid nanoparticle of embodiment 133, wherein each KRAS activating oncogene 

mutation peptide comprises 25 amino acids in length.  

E135. The lipid nanoparticle of embodiment 132, wherein the KRAS activating oncogene 5 

mutation peptides comprise the amino acid sequences set forth in SEQ ID NOs: 39-41 and 

72. 

E136. The lipid nanoparticle of embodiment 132, wherein the mRNAs encoding the KRAS 

activating oncogene mutation peptides comprise the nucleotide sequences set forth in SEQ ID 

NOs: 126-128 and 132.  10 

E137. The lipid nanoparticle of any one of embodiments 132-136, wherein the constitutively 

active human STING polypeptide comprises mutation V155M. 

E138. The lipid nanoparticle of embodiment 137, wherein the constitutively active human 

STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 1. 

E139. The lipid nanoparticle of embodiment 138, wherein the mRNA encoding the 15 

constitutively active human STING polypeptide comprises a 3' UTR comprising at least one 

miR-122 microRNA binding site. 

E140. The lipid nanoparticle of embodiment 137, wherein the mRNA encoding the 

constitutively active human STING polypeptide comprises the nucleotide sequence shown in 

SEQ ID NO: 139. 20 

E141. The lipid nanoparticle of any one of embodiments 121-131, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 1:1. 

E142. The lipid nanoparticle of any one of embodiments 121-131, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 2:1. 

E143. The lipid nanoparticle of any one of embodiments 121-131, wherein the first and second 25 

mRNAs are present at a KRAS:STING mass ratio of 3:1. 

E144. The lipid nanoparticle of any one of embodiments 121-131, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 4:1. 

E145. The lipid nanoparticle of any one of embodiments 121-131, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 5:1. 30 

E146. The lipid nanoparticle of any one of embodiments 121-131, wherein the first and second 

mRNAs are present KRAS:STING mass ratio of 6:1. 

E147. The lipid nanoparticle of any one of embodiments 121-131, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 7:1. 
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E148. The lipid nanoparticle of any one of embodiments 121-131, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 8:1. 

E149. The lipid nanoparticle of any one of embodiments 121-140, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 9:1. 

E150. The lipid nanoparticle of any one of embodiments 121-140, wherein the first and second 5 

mRNAs are present at a KRAS:STING mass ratio of 10:1. 

E151. A composition comprising: 

(i) a first mRNA having an open reading frame encoding a concatemer of 4 KRAS 

activating oncogene mutation peptides, wherein the concatemer comprises from N- to C- 

terminus G12D, G12V, G13D, and G12C, and 10 

(ii) a second mRNA having an open reading frame encoding a constitutively active 

human STING polypeptide, wherein the constitutively active human STING polypeptide 

comprises mutation V155M,   

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1; 15 

and a pharmaceutically acceptable carrier. 

E152. The composition of embodiment 151, wherein the concatemer of 4 KRAS activating 

oncogene mutation peptides comprises the amino acid sequence set forth in SEQ ID NO: 137. 

E153. The composition of embodiment 151 or 152, wherein the first mRNA encoding the 

concatemer of 4 KRAS activating oncogene mutation peptides comprises the nucleotide 20 

sequence set forth in SEQ ID NO: 169.  

E154. The composition of any one of embodiments 151-153, wherein the constitutively active 

human STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 1. 

E155. The composition of any one of embodiments 151-154, wherein the mRNA encoding 

the constitutively active human STING polypeptide comprises the nucleotide sequence 25 

shown in SEQ ID NO: 170. 

E156. The composition of any one of embodiments 151-155, wherein the first mRNA 

comprises a 5’ UTR comprising the nucleotide sequence set forth in SEQ ID NO: 176. 

E157. The composition of any one of embodiments 151-155, wherein the second mRNA 

comprises a 5’ UTR comprising the nucleotide sequence set forth in SEQ ID NO: 176. 30 

E158. The composition of any one of embodiments 151-157, wherein the second mRNA 

encoding the constitutively active human STING polypeptide comprises a 3’ UTR having a 

miR-122 microRNA binding site. 
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E159. The composition of embodiment 158, wherein the miR-122 microRNA binding site 

comprises the nucleotide sequence shown in SEQ ID NO: 175. 

E160. The composition of any one of embodiments 151-159, wherein the first mRNA and 

second mRNA each comprise a poly A tail.   

E161. The composition of embodiment 160, wherein the poly A tail comprises about 100 5 

nucleotides.   

E162. The composition of any one of embodiments 151-161, wherein the first and second 

mRNAs each comprise a 5’ Cap 1 structure.   

E163. The composition of any one of embodiments 151-162, wherein the first and second 

mRNAs each comprise at least one chemical modification. 10 

E164. The composition of embodiment 163, wherein the chemical modification is N1-

methylpseudouridine. 

 E165. The composition of embodiment 164, wherein the first mRNA is fully modified with 

N1-methylpseudouridine. 

E166. The composition of embodiment 164, wherein the second mRNA is fully modified with 15 

N1-methylpseudouridine. 

E167. The composition of any one of embodiments 151-166, wherein the pharmaceutically 

acceptable carrier comprises a buffer solution. 

E168. A composition comprising: 

(i) a first mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 167, 20 

and 

(ii) a second mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 

168,   

wherein the first and second mRNA are each fully modified with N1-

methylpseudouridine, and  25 

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

selected from the group consisting of 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or 10:1; 

and a pharmaceutically acceptable carrier. 

E169. The composition of embodiment 168, wherein the pharmaceutically acceptable carrier 

comprises a buffer solution. 30 

E170. The composition of any one of embodiments 151-169, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 1:1. 

E171. The composition of any one of embodiments 151-169, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 2:1. 
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E172. The composition of any one of embodiments 151-169, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 3:1. 

E173. The composition of any one of embodiments 151-169, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 4:1. 

E174. The composition of any one of embodiments 151-169, wherein the first and second 5 

mRNAs are present at a KRAS:STING mass ratio of 5:1. 

E175. The composition of any one of embodiments 151-169, wherein the first and second 

mRNAs are present KRAS:STING mass ratio of 6:1. 

E176. The composition of any one of embodiments 151-169, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 7:1. 10 

E177. The composition of any one of embodiments 151-169, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 8:1. 

E178. The composition of any one of embodiments 151-169, wherein the first and second 

mRNAs are present at a KRAS:STING mass ratio of 9:1. 

E179. The composition of any one of embodiments 151-169, wherein the first and second 15 

mRNAs are present at a KRAS:STING mass ratio of 10:1. 

E180. The composition of any one of embodiments 151-179, which is formulated in a lipid 

nanoparticle. 

E181. The composition of embodiment 180, wherein the lipid nanoparticle comprises a molar 

ratio of about 20-60% ionizable amino lipid: 5-25% phospholipid: 25-55% sterol; and 0.5-20 

15% PEG-modified lipid.   

E182. The composition of embodiment 181, wherein the lipid nanoparticle comprises a molar 

ratio of about 50% Compound 25: about 10% DSPC: about 38.5% cholesterol; and about 

1.5% PEG-DMG.  

E183. The composition of any one of embodiments 151-182, which is formulated for 25 

intramuscular delivery. 

E184. A lipid nanoparticle comprising: 

(i) a first mRNA having an open reading frame encoding a concatemer of 4 KRAS 

activating oncogene mutation peptides, wherein the concatemer comprises from N- to C- 

terminus G12D, G12V, G13D, and G12C; and 30 

(ii) a second mRNA having an open reading frame encoding a constitutively active 

human STING polypeptide, wherein the constitutively active human STING polypeptide 

comprises mutation V155M,   
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wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

of 5:1. 

E185. The lipid nanoparticle of embodiment 184, wherein the concatemer of 4 KRAS 

activating oncogene mutation peptides comprises the amino acid sequence set forth in SEQ 

ID NO: 137. 5 

E186. The lipid nanoparticle of embodiment 184 or 185, wherein the first mRNA encoding the 

concatemer of 4 KRAS activating oncogene mutation peptides comprises the nucleotide 

sequence set forth in SEQ ID NO: 169.  

E187. The lipid nanoparticle of any one of embodiments 184-186, wherein the constitutively 

active human STING polypeptide comprises the amino acid sequence shown in SEQ ID NO: 10 

1. 

E188. The lipid nanoparticle of any one of embodiments 184-187, wherein the mRNA 

encoding the constitutively active human STING polypeptide comprises the nucleotide 

sequence shown in SEQ ID NO: 170. 

E189. The lipid nanoparticle of any one of embodiments 184-188, wherein the first mRNA 15 

comprises a 5’ UTR comprising the nucleotide sequence shown in SEQ ID NO: 176. 

E190. The lipid nanoparticle of any one of embodiments 184-188, wherein the second mRNA 

comprises a 5’ UTR comprising the nucleotide sequence shown in SEQ ID NO: 176. 

E191. The lipid nanoparticle of any one of embodiments 184-190, wherein the second mRNA 

encoding the constitutively active human STING polypeptide comprises a 3’ UTR having a 20 

miR-122 microRNA binding site. 

E192. The lipid nanoparticle of embodiment 191, wherein the miR-122 microRNA binding 

site comprises the nucleotide sequence shown in SEQ ID NO: 175. 

E193. The lipid nanoparticle of any one of embodiments 184-192, wherein the first and second 

mRNAs each comprise a poly A tail.   25 

E194. The lipid nanoparticle of embodiment 193, wherein the poly A tail comprises about 100 

nucleotides.   

E195. The lipid nanoparticle of any one of embodiments 184-194, wherein the first and second 

mRNAs each comprise a 5’ Cap 1 structure.   

E196. The lipid nanoparticle of any one of embodiments 184-195, wherein the first and second 30 

mRNAs each comprise at least one chemical modification. 

E197. The lipid nanoparticle of embodiment 196, wherein the chemical modification is N1-

methylpseudouridine. 
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 E198. The lipid nanoparticle of embodiment 197, wherein the first mRNA is fully modified 

with N1-methylpseudouridine. 

E199. The lipid nanoparticle of embodiment 197, wherein the second mRNA is fully modified 

with N1-methylpseudouridine. 

E200. A lipid nanoparticle comprising: 5 

(i) a first mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 167; 

and 

(ii) a second mRNA comprising the nucleotide sequence set forth in SEQ ID NO: 

168,   

wherein the first and second mRNA are each fully modified with N1-10 

methylpseudouridine, and  

wherein the first mRNA and second mRNA are present at a KRAS:STING mass ratio 

of 5:1. 

E201. The lipid nanoparticle of any one of embodiments 184-200, wherein the lipid 

nanoparticle comprises a molar ratio of about 20-60% ionizable amino lipid: 5-25% 15 

phospholipid: 25-55% sterol; and 0.5-15% PEG-modified lipid.   

E202. The lipid nanoparticle of embodiment 201, wherein the lipid nanoparticle comprises a 

molar ratio of about 50% Compound 25: about 10% DSPC: about 38.5% cholesterol; and 

about 1.5% PEG-DMG.  

E203. A pharmaceutical composition comprising the lipid nanoparticle of any one of 20 

embodiments 184-202, and a pharmaceutically acceptable carrier. 

E204. The pharmaceutical composition of embodiment 203 which is formulated for 

intramuscular delivery. 

E205. The lipid nanoparticle of any one of embodiments 184-202, and an optional 

pharmaceutically acceptable carrier, or the pharmaceutical composition of any one of 25 

embodiments 203-204 for use in treating or delaying progression of cancer in an individual, 

wherein the treatment comprises administration of the composition in combination with a 

second composition, wherein the second composition comprises a checkpoint inhibitor 

polypeptide and an optional pharmaceutically acceptable carrier.  

E206.  Use of a lipid nanoparticle of any one of embodiments 184-202, and an optional 30 

pharmaceutically acceptable carrier, in the manufacture of a medicament for treating or 

delaying progression of cancer in an individual, wherein the medicament comprises the lipid 

nanoparticle and an optional pharmaceutically acceptable carrier and wherein the treatment 
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comprises administration of the medicament in combination with a composition comprising a 

checkpoint inhibitor polypeptide and an optional pharmaceutically acceptable carrier. 

E207. A kit comprising a container comprising the lipid nanoparticle of any one of 

embodiments 184-202, and an optional pharmaceutically acceptable carrier, or the 

pharmaceutical composition of any one of embodiments 203-204, and a package insert 5 

comprising instructions for administration of the lipid nanoparticle or pharmaceutical 

composition for treating or delaying progression of cancer in an individual. 

E208. The kit of embodiment 207, wherein the package insert further comprises instructions 

for administration of the lipid nanoparticle or pharmaceutical composition in combination 

with a composition comprising a checkpoint inhibitor polypeptide and an optional 10 

pharmaceutically acceptable carrier for treating or delaying progression of cancer in an 

individual. 

E209. A kit comprising a medicament comprising a lipid nanoparticle of any one of 

embodiments 184-202, and an optional pharmaceutically acceptable carrier, or the 

pharmaceutical composition of any one of embodiments 203-204, and a package insert 15 

comprising instructions for administration of the medicament alone or in combination with a 

composition comprising a checkpoint inhibitor polypeptide and an optional pharmaceutically 

acceptable carrier for treating or delaying progression of cancer in an individual.  

E210. The kit of embodiment 209, wherein the kit further comprises a package insert 

comprising instructions for administration of the first medicament prior to, current with, or 20 

subsequent to administration of the second medicament for treating or delaying progression 

of cancer in an individual.  

E211. The lipid nanoparticle of any one of embodiments 184-202, the composition of any one 

of embodiments 203-204, the use of embodiments 205-206 or the kit of any one of 

embodiments 207-210, wherein the checkpoint inhibitor polypeptide inhibits PD1, PD-L1, 25 

CTLA4, or a combination thereof. 

E212. The lipid nanoparticle of any one of embodiments 184-202, the composition of 

embodiments 203-204, the use of embodiment 205-206 or the kit of any one of embodiments 

207-210, wherein the checkpoint inhibitor polypeptide is an antibody. 

E213. The lipid nanoparticle of any one of embodiments 184-202, the composition of 30 

embodiments 203-204, the use of embodiment 205-206 or the kit of any one of embodiments 

207-210, wherein the checkpoint inhibitor polypeptide is an antibody selected from an anti-

CTLA4 antibody or antigen-binding fragment thereof that specifically binds CTLA4, an anti-

PD1 antibody or antigen-binding fragment thereof that specifically binds PD1, an anti-PD-L1 
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antibody or antigen-binding fragment thereof that specifically binds PD-L1, and a 

combination thereof. 

E214. The lipid nanoparticle of any one of embodiments 184-202, the composition of 

embodiments 203-204, the use of embodiment 205-206 or the kit of any one of embodiments 

207-210, wherein the checkpoint inhibitor polypeptide is an anti-PD-L1 antibody selected 5 

from atezolizumab, avelumab, or durvalumab. 

E215. The lipid nanoparticle of any one of embodiments 184-202, the composition of 

embodiments 203-204, the use of embodiment 205-206 or the kit of any one of embodiments 

197-200, wherein the checkpoint inhibitor polypeptide is an anti-CTLA-4 antibody selected 

from tremelimumab or ipilimumab.  10 

E216. The lipid nanoparticle of any one of embodiments 184-202, the composition of 

embodiments 203-204, the use of embodiment 205-206 or the kit of any one of embodiments 

197-200, wherein the checkpoint inhibitor polypeptide is an anti-PD1 antibody selected from 

nivolumab or pembrolizumab. 

E217. A method of reducing or decreasing a size of a tumor or inhibiting a tumor growth in a 15 

subject in need thereof comprising administering to the subject the lipid nanoparticle of any 

one of embodiments 184-202 or the composition of any one of embodiments 203-204. 

E218. A method of inducing an anti-tumor response in a subject with cancer, comprising 

administering to the subject the lipid nanoparticle of any one of embodiments 184-202 or the 

composition of any one of embodiments 203-204. 20 

E219. The method of embodiment 218, wherein the anti-tumor response comprises a T-cell 

response. 

E220. The method of embodiment 219, wherein the T-cell response comprises CD8+ T cells. 

E221. The method of any one of embodiments 217-220, wherein the composition is 

administered by intramuscular injection. 25 

E222. The method of any one of embodiments 217-220, further comprising administering a 

second composition comprising a checkpoint inhibitor polypeptide, and an optional 

pharmaceutically acceptable carrier.  

E223. The method of embodiment 222, wherein the checkpoint inhibitor polypeptide inhibits 

PD1, PD-L1, CTLA4, or a combination thereof. 30 

E224. The method of embodiment 223, wherein the checkpoint inhibitor polypeptide is an 

antibody. 

E225. The method of embodiment 224, wherein the checkpoint inhibitor polypeptide is an 

antibody selected from an anti-CTLA4 antibody or antigen-binding fragment thereof that 
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specifically binds CTLA4, an anti-PD1 antibody or antigen-binding fragment thereof that 

specifically binds PD1, an anti-PD-L1 antibody or antigen-binding fragment thereof that 

specifically binds PD-L1, and a combination thereof. 

E226. The method of embodiment 225, wherein the checkpoint inhibitor polypeptide is an 

anti-PD-L1 antibody selected from atezolizumab, avelumab, or durvalumab. 5 

E227. The method of embodiment 225, wherein the checkpoint inhibitor polypeptide is an 

anti-CTLA-4 antibody selected from tremelimumab or ipilimumab.  

E228. The method of embodiment 225, wherein the checkpoint inhibitor polypeptide is an 

anti-PD1 antibody selected from nivolumab or pembrolizumab. 

E229. The method of any one of embodiments 222-228, wherein the composition comprising 10 

the checkpoint inhibitor polypeptide is administered by intravenous injection. 

E230. The method of embodiment 229, wherein the composition comprising the checkpoint 

inhibitor polypeptide is administered once every 2 to 3 weeks. 

E231. The method of embodiment 229, wherein the composition comprising the checkpoint 

inhibitor polypeptide is administered once every 2 weeks or once every 3 weeks. 15 

E232. The method of any one of embodiments 222-231, wherein the composition comprising 

the checkpoint inhibitor polypeptide is administered prior to, concurrent with, or subsequent 

to administration of the lipid nanoparticle or pharmaceutical composition thereof. 

E233. The method of any one of embodiments 217-232, wherein the subject has a 

histologically confirmed KRAS mutation selected from G12D, G12V, G13D or G12C.  20 

E234. The method of any one of embodiments 217-233, wherein the tumor is metastatic 

colorectal cancer. 

E235. The method of any of embodiments 217-233, wherein the tumor is non-small cell lung 

cancer (NSCLC). 

E236. The method of any of embodiments 217-233, wherein the tumor is pancreatic cancer. 25 

E237. An immunomodulatory therapeutic composition, comprising: 

one or more mRNA each having an open reading frame encoding an activating oncogene 

mutation peptide, and a pharmaceutically acceptable carrier or excipient. 

E238. The immunomodulatory therapeutic composition of embodiment 237, wherein the 

activating oncogene mutation is a KRAS mutation 30 

E239. The immunomodulatory therapeutic composition of embodiment 238, wherein the 

KRAS mutation is a G12 mutation. 
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E240. The immunomodulatory therapeutic composition of embodiment 239, wherein the G12 

KRAS mutation is selected from a G12D, G12V, G12S, G12C, G12A, and a G12R KRAS 

mutation 

E241. The immunomodulatory therapeutic composition of embodiment 239, wherein the G12 

KRAS mutation is selected from a G12D, G12V, and a G12S KRAS mutation. 5 

E242. The immunomodulatory therapeutic composition of embodiment 238, wherein the 

KRAS mutation is a G13 mutation. 

E243. The immunomodulatory therapeutic composition of embodiment 242, wherein the G13 

KRAS mutation is a G13D KRAS mutation. 

E244. The immunomodulatory therapeutic composition of embodiment 237, wherein the 10 

activating oncogene mutation is a H-RAS or N-RAS mutation. 

E245. The immunomodulatory therapeutic composition of any one of embodiments 237-244, 

wherein the mRNA has an open reading frame encoding a concatemer of two or more 

activating oncogene mutation peptides. 

E246. The immunomodulatory therapeutic composition of embodiment 245, wherein at least 15 

two of the peptide epitopes are separated from one another by a single Glycine. 

E247. The immunomodulatory therapeutic composition of any one of embodiments 245-246, 

wherein the concatemer comprises 3-10 activating oncogene mutation peptides. 

E248. The activating oncogene mutation peptides of any one of embodiments 245-247, 

wherein all of the peptide epitopes are separated from one another by a single Glycine. 20 

E249. The activating oncogene mutation peptides of any one of embodiments 245-247, 

wherein at least two of the peptide epitopes are linked directly to one another without a 

linker. 

E250. The immunomodulatory therapeutic composition of any one of embodiments 237-249, 

wherein the composition further comprises a cancer therapeutic agent. 25 

E251. The immunomodulatory therapeutic composition of any one of embodiments 237-250, 

wherein the composition further comprises an inhibitory checkpoint polypeptide. 

E252. The immunomodulatory therapeutic composition of embodiment 251, wherein the 

inhibitory checkpoint polypeptide is an antibody or fragment thereof that specifically binds to 

a molecule selected from the group consisting of PD-1, TIM-3, VISTA, A2AR, B7-H3, B7-30 

H4, BTLA, CTLA-4, IDO, KIR and LAG3. 

E253. The immunomodulatory therapeutic composition of any one of embodiments 237-252, 

wherein the composition further comprises a recall antigen. 
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E254. The immunomodulatory therapeutic composition of embodiment 253, wherein the 

recall antigen is an infectious disease antigen. 

E255. The immunomodulatory therapeutic composition of any one of embodiments 237-254, 

wherein the composition does not comprise a stabilization agent. 

E256. The immunomodulatory therapeutic composition of any one of embodiments 237-255, 5 

wherein the mRNA is formulated in a lipid nanoparticle carrier. 

E257. The immunomodulatory therapeutic composition of embodiment 256, wherein the lipid 

nanoparticle carrier comprises a molar ratio of about 20-60% cationic lipid: 5-25% non-

cationic lipid: 25-55% sterol; and 0.5-15% PEG-modified lipid. 

E258. The immunomodulatory therapeutic composition of embodiment 257, wherein the 10 

cationic lipid is selected from the group consisting of for example, 2,2-dilinoleyl-4-

dimethylaminoethyl-[1,3]-dioxolane (DLin-KC2-DMA), dilinoleyl-methyl-4-

dimethylaminobutyrate (DLin-MC3-DMA), and di((Z)-non-2-en-1-yl) 9-((4-

(dimethylamino)butanoyl)oxy)heptadecanedioate (L319). 

E259. The immunomodulatory therapeutic composition of any one of embodiments 237-258, 15 

wherein the mRNA includes at least one chemical modification. 

E260. The immunomodulatory therapeutic composition of embodiment 259, wherein the 

chemical modification is selected from the group consisting of pseudouridine, N1-

methylpseudouridine, 2-thiouridine, 4’-thiouridine, 5-methylcytosine, 2-thio-1-methyl-1-

deaza-pseudouridine, 2-thio-1-methyl-pseudouridine, 2-thio-5-aza-uridine, 2-thio-20 

dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-

pseudouridine, 4-methoxy-pseudouridine, 4-thio-1-methyl-pseudouridine, 4-thio-

pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-methyluridine, 5-methyluridine, 5-

methoxyuridine, and 2’-O-methyl uridine. 

E261. A method for treating a subject, comprising: administering to a subject having cancer 25 

an immunomodulatory therapeutic composition of any one of embodiments 237-260. 

E262. The method of embodiment 261, wherein immunomodulatory therapeutic composition 

is 

administered in combination with a cancer therapeutic agent. 

E263. The method of embodiment 261 or 260, wherein immunomodulatory therapeutic 30 

composition is administered in combination with an inhibitory checkpoint polypeptide. 

E264. The method of embodiment 263, wherein the inhibitory checkpoint polypeptide is an 

antibody or fragment thereof that specifically binds to a molecule selected from the group 
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consisting of PD-1, TIM-3, VISTA, A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, KIR and 

LAG3. 

E265. The method of any one of embodiments 261-264, wherein the cancer is selected from 

cancer of the pancreas, peritoneum, large intestine, small intestine, biliary tract, lung, 

endometrium, ovary, genital tract, gastrointestinal tract, cervix, stomach, urinary tract, colon, 5 

rectum, and hematopoietic and lymphoid tissues. 

E266. The method of embodiment 265, wherein the cancer is colorectal cancer. 

 

Definitions 

Administering: As used herein, “administering” refers to a method of delivering a 10 

composition to a subject or patient.  A method of administration may be selected to target 

delivery (e.g., to specifically deliver) to a specific region or system of a body.  For example, 

an administration may be parenteral (e.g., subcutaneous, intracutaneous, intravenous, 

intraperitoneal, intramuscular, intraarticular, intraarterial, intrasynovial, intrasternal, 

intrathecal, intralesional, or intracranial injection, as well as any suitable infusion technique), 15 

oral, trans- or intra-dermal, interdermal, rectal, intravaginal, topical (e.g.. by powders, 

ointments, creams, gels, lotions, and/or drops), mucosal, nasal, buccal, enteral, vitreal, 

intratumoral, sublingual, intranasal; by intratracheal instillation, bronchial instillation, and/or 

inhalation; as an oral spray and/or powder, nasal spray, and/or aerosol, and/or through a 

portal vein catheter. 20 

Approximately, about:  As used herein, the terms “approximately” or “about,” as 

applied to one or more values of interest, refers to a value that is similar to a stated reference 

value.  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 either direction (greater than or less than) 25 

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). 

Cancer: As used herein, “cancer” is a condition involving abnormal and/or 

unregulated cell growth.  The term cancer encompasses benign and malignant cancers.  

Exemplary non-limiting cancers include adrenal cortical cancer, advanced cancer, anal 30 

cancer, aplastic anemia, bileduct cancer, bladder cancer, bone cancer, bone metastasis, brain 

tumors, brain cancer, breast cancer, childhood cancer, cancer of unknown primary origin, 
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Castleman disease, cervical cancer, colorectal cancer, endometrial cancer, esophagus cancer, 

Ewing family of tumors, eye cancer, gallbladder cancer, gastrointestinal carcinoid tumors, 

gastrointestinal stromal tumors, gestational trophoblastic disease, Hodgkin disease, Kaposi 

sarcoma, renal cell carcinoma, laryngeal and hypopharyngeal cancer, acute lymphocytic 

leukemia, acute myeloid leukemia, chronic lymphocytic leukemia, chronic myeloid leukemia, 5 

chronic myelomonocytic leukemia, myelodysplastic syndrome (including refractory anemias 

and refractory cytopenias), myeloproliferative neoplasms or diseases (including polycythemia 

vera, essential thrombocytosis and primary myelofibrosis), liver cancer (e.g., hepatocellular 

carcinoma), non-small cell lung cancer, small cell lung cancer, lung carcinoid tumor, 

lymphoma of the skin, malignant mesothelioma, multiple myeloma, myelodysplasia 10 

syndrome, nasal cavity and paranasal sinus cancer, nasopharyngeal cancer, neuroblastoma, 

non-Hodgkin lymphoma, oral cavity and oropharyngeal cancer, osteosarcoma, ovarian 

cancer, pancreatic cancer, penile cancer, pituitary tumors, prostate cancer, retinoblastoma, 

rhabdomyosarcoma, salivary gland cancer, sarcoma in adult soft tissue, basal and squamous 

cell skin cancer, melanoma, small intestine cancer, stomach cancer, testicular cancer, throat 15 

cancer, thymus cancer, thyroid cancer, uterine sarcoma, vaginal cancer, vulvar cancer, 

Waldenstrom macroglobulinemia, Wilms tumor and secondary cancers caused by cancer 

treatment.  In particular embodiments, the cancer is liver cancer (e.g., hepatocellular 

carcinoma) or colorectal cancer.  In other embodiments, the cancer is a blood-based cancer or 

a hematopoetic cancer.   20 

Cleavable Linker:  As used herein, the term “cleavable linker” refers to a linker, 

typically a peptide linker (e.g., about 5-30 amino acids in length, typically about 10-20 amino 

acids in length) that can be incorporated into multicistronic mRNA constructs such that 

equimolar levels of multiple genes can be produced from the same mRNA.  Non-limiting 

examples of cleavable linkers include the 2A family of peptides, including F2A, P2A, T2A 25 

and E2A, first discovered in picornaviruses, that when incorporated into an mRNA construct 

(e.g., between two polypeptide domains) function by making the ribosome skip the synthesis 

of a peptide bond at C-terminus of the 2A element, thereby leading to separation between the 

end of the 2A sequence and the next peptide downstream. 

Conjugated: As used herein, the term “conjugated,” when used with respect to two or 30 

more moieties, means that the moieties are physically associated or connected with one 

another, either directly or via one or more additional moieties that serves as a linking agent, 
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to form a structure that is sufficiently stable so that the moieties remain physically associated 

under the conditions in which the structure is used, e.g., physiological conditions.  In some 

embodiments, two or more moieties may be conjugated by direct covalent chemical bonding.  

In other embodiments, two or more moieties may be conjugated by ionic bonding or 

hydrogen bonding. 5 

 Contacting: As used herein, the term “contacting” means establishing a physical 

connection between two or more entities.  For example, contacting a cell with an mRNA or a 

lipid nanoparticle composition means that the cell and mRNA or lipid nanoparticle are made 

to share a physical connection.  Methods of contacting cells with external entities both in 

vivo, in vitro, and ex vivo are well known in the biological arts.  In exemplary embodiments 10 

of the disclosure, the step of contacting a mammalian cell with a composition (e.g., an 

isolated mRNA, nanoparticle, or pharmaceutical composition of the disclosure) is performed 

in vivo.  For example, contacting a lipid nanoparticle composition and a cell (for example, a 

mammalian cell) which may be disposed within an organism (e.g., a mammal) may be 

performed by any suitable administration route (e.g., parenteral administration to the 15 

organism, including intravenous, intramuscular, intradermal, and subcutaneous 

administration).  For a cell present in vitro, a composition (e.g., a lipid nanoparticle or an 

isolated mRNA) and a cell may be contacted, for example, by adding the composition to the 

culture medium of the cell and may involve or result in transfection.  Moreover, more than 

one cell may be contacted by a nanoparticle composition. 20 

Encapsulate: As used herein, the term “encapsulate” means to enclose, surround, or 

encase.  In some embodiments, a compound, polynucleotide (e.g., an mRNA), or other 

composition may be fully encapsulated, partially encapsulated, or substantially encapsulated.  

For example, in some embodiments, an mRNA of the disclosure may be encapsulated in a 

lipid nanoparticle, e.g., a liposome.  25 

Effective amount: As used herein, the term “effective amount” of an agent is that 

amount sufficient to effect beneficial or desired results, for example, clinical results, and, as 

such, an “effective amount” depends upon the context in which it is being applied.  For 

example, in the context of administering an agent that treats cancer, an effective amount of an 

agent is, for example, an amount sufficient to achieve treatment, as defined herein, of cancer, 30 

as compared to the response obtained without administration of the agent.  In some 

embodiments, a therapeutically effective amount is an amount of an agent to be delivered 
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(e.g., nucleic acid, drug, therapeutic agent, diagnostic agentor prophylactic agent) that is 

sufficient, when administered to a subject suffering from or susceptible to an infection, 

disease, disorder, and/or condition, to treat, improve symptoms of, diagnose, prevent, and/or 

delay the onset of the infection, disease, disorder, and/or condition. 

Expression: As used herein, “expression” of a nucleic acid sequence refers to one or 5 

more of the following events:  (1) production of an RNA template from a DNA sequence 

(e.g., by transcription); (2) processing of an RNA transcript (e.g., by splicing, editing, 5′ cap 

formation, and/or 3′ end processing); (3) translation of an RNA into a polypeptide or protein; 

and (4) post-translational modification of a polypeptide or protein. 

Identity: As used herein, the term “identity” refers to the overall relatedness between 10 

polymeric molecules, e.g., between polynucleotide molecules (e.g., DNA molecules and/or 

RNA molecules) and/or between polypeptide molecules.  Calculation of the percent identity 

of two polynucleotide sequences, for example, can be performed by aligning the two 

sequences for optimal comparison purposes (e.g., gaps can be introduced in one or both of a 

first and a second nucleic acid sequences for optimal alignment and non-identical sequences 15 

can be disregarded for comparison purposes).  In certain embodiments, the length of a 

sequence aligned for comparison purposes is at least 30%, at least 40%, at least 50%, at least 

60%, at least 70%, at least 80%, at least 90%, at least 95%, or 100% of the length of the 

reference sequence.  The nucleotides at corresponding nucleotide positions are then 

compared.  When a position in the first sequence is occupied by the same nucleotide as the 20 

corresponding position in the second sequence, then the molecules are identical at that 

position.  The percent identity between the two sequences is a function of the number of 

identical positions shared by the sequences, taking into account the number of gaps, and the 

length of each gap which needs to be introduced for optimal alignment of the two sequences.  

The comparison of sequences and determination of percent identity between two sequences 25 

can be accomplished using a mathematical algorithm.  For example, the percent identity 

between two nucleotide sequences can be determined using methods such as those described 

in Computational Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York, 

1988; Biocomputing: Informatics and Genome Projects, Smith, D. W., ed., Academic Press, 

New York, 1993; Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 30 

1987; Computer Analysis of Sequence Data, Part I, Griffin, A. M., and Griffin, H. G., eds., 

Humana Press, New Jersey, 1994; and Sequence Analysis Primer, Gribskov, M. and 
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Devereux, J., eds., M Stockton Press, New York, 1991; each of which is incorporated herein 

by reference.  For example, the percent identity between two nucleotide sequences can be 

determined using the algorithm of Meyers and Miller (CABIOS, 1989, 4:11-17), which has 

been incorporated into the ALIGN program (version 2.0) using a PAM120 weight residue 

table, a gap length penalty of 12 and a gap penalty of 4.  The percent identity between two 5 

nucleotide sequences can, alternatively, be determined using the GAP program in the GCG 

software package using an NWSgapdna.CMP matrix.  Methods commonly employed to 

determine percent identity between sequences include, but are not limited to those disclosed 

in Carillo, H., and Lipman, D., SIAM J Applied Math., 48:1073 (1988); incorporated herein 

by reference. Techniques for determining identity are codified in publicly available computer 10 

programs.  Exemplary computer software to determine homology between two sequences 

include, but are not limited to, GCG program package, Devereux et al., Nucleic Acids 

Research, 12(1): 387,1984, BLASTP, BLASTN, and FASTA, Altschul, S. F. et al., J. Molec. 

Biol., 215, 403, 1990. 

Fragment: A “fragment,” as used herein, refers to a portion.  For example, fragments 15 

of proteins may include polypeptides obtained by digesting full-length protein isolated from 

cultured cells or obtained through recombinant DNA techniques. 

GC-rich: As used herein, the term “GC-rich” refers to the nucleobase composition of 

a polynucleotide (e.g., mRNA), or any portion thereof (e.g., an RNA element), comprising 

guanine (G) and/or cytosine (C) nucleobases, or derivatives or analogs thereof, wherein the 20 

GC-content is greater than about 50%. The term “GC-rich” refers to all, or to a portion, of a 

polynucleotide, including, but not limited to, a gene, a non-coding region, a 5’ UTR, a 3’ 

UTR, an open reading frame, an RNA element, a sequence motif, or any discrete sequence, 

fragment, or segment thereof which comprises about 50% GC-content. In some embodiments 

of the disclosure, GC-rich polynucleotides, or any portions thereof, are exclusively comprised 25 

of guanine (G) and/or cytosine (C) nucleobases. 

GC-content: As used herein, the term “GC-content” refers to the percentage of 

nucleobases in a polynucleotide (e.g., mRNA), or a portion thereof (e.g., an RNA element), 

that are either guanine (G) and cytosine (C) nucleobases, or derivatives or analogs thereof, 

(from a total number of possible nucleobases, including adenine (A) and thymine (T) or 30 

uracil (U), and derivatives or analogs thereof, in DNA and in RNA). The term “GC-content” 

refers to all, or to a portion, of a polynucleotide, including, but not limited to, a gene, a non-
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coding region, a 5’ or 3’ UTR, an open reading frame, an RNA element, a sequence motif, or 

any discrete sequence, fragment, or segment thereof. 

Genetic Adjuvant:  A “genetic adjuvant”, as used herein, refers to an mRNA 

construct (e.g., an mmRNA construct) that enhances the immune response to a vaccine, for 

example by stimulating cytokine production and/or by stimulating the production of antigen-5 

specific effector cells (e.g., CD8 T cells).  A genetic adjuvant mRNA construct can, for 

example, encode a polypeptide that stimulates Type I interferon (e.g., activates Type I 

interferon pathway signaling) or that promotes dendritic cell development or activity.  

Heterologous: As used herein, “heterologous” indicates that a sequence (e.g., an 

amino acid sequence or the polynucleotide that encodes an amino acid sequence) is not 10 

normally present in a given polypeptide or polynucleotide.  For example, an amino acid 

sequence that corresponds to a domain or motif of one protein may be heterologous to a 

second protein.   

Hydrophobic amino acid: As used herein, a “hydrophobic amino acid” is an amino 

acid having an uncharged, nonpolar side chain.  Examples of naturally occurring hydrophobic 15 

amino acids are alanine (Ala), valine (Val), leucine (Leu), isoleucine (Ile), proline (Pro), 

phenylalanine (Phe), methionine (Met), and tryptophan (Trp).  

Immune Potentiator:  An “immune potentiator”, as used herein, refers to an mRNA 

construct (e.g., an mmRNA construct) that enhances an immune response, e.g., to an antigen 

of interest (either an endogenous antigen in a subject to which the immune potentiator is 20 

administered or to an exogenous antigen that is coadministered with the immune potentiator), 

for example by stimulating T cell, B cell or dendritic cell responses, including but not limited 

to cytokine production, stimulating antibody production or stimulating the production of 

antigen-specific immune cells (e.g., CD8+ T cells or CD4+ T cells).  

Initiation Codon: As used herein, the term “initiation codon”, used interchangeably 25 

with the term “start codon”, refers to the first codon of an open reading frame that is 

translated by the ribosome and is comprised of a triplet of linked adenine-uracil-guanine 

nucleobases. The initiation codon is depicted by the first letter codes of adenine (A), uracil 

(U), and guanine (G) and is often written simply as “AUG”. Although natural mRNAs may 

use codons other than AUG as the initiation codon, which are referred to herein as 30 

“alternative initiation codons”, the initiation codons of polynucleotides described herein use 

the AUG codon. During the process of translation initiation, the sequence comprising the 
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initiation codon is recognized via complementary base-pairing to the anticodon of an initiator 

tRNA (Met-tRNAi
Met) bound by the ribosome. Open reading frames may contain more than 

one AUG initiation codon, which are referred to herein as “alternate initiation codons”.   

The initiation codon plays a critical role in translation initiation. The initiation codon 

is the first codon of an open reading frame that is translated by the ribosome. Typically, the 5 

initiation codon comprises the nucleotide triplet AUG, however, in some instances translation 

initiation can occur at other codons comprised of distinct nucleotides. The initiation of 

translation in eukaryotes is a multistep biochemical process that involves numerous protein-

protein, protein-RNA, and RNA-RNA interactions between messenger RNA molecules 

(mRNAs), the 40S ribosomal subunit, other components of the translation machinery (e.g., 10 

eukaryotic initiation factors; eIFs). The current model of mRNA translation initiation 

postulates that the pre-initiation complex (alternatively “43S pre-initiation complex”; 

abbreviated as “PIC”) translocates from the site of recruitment on the mRNA (typically the 5’ 

cap) to the initiation codon by scanning nucleotides in a 5′ to 3′ direction until the first AUG 

codon that resides within a specific translation-promotive nucleotide context (the Kozak 15 

sequence) is encountered (Kozak (1989) J Cell Biol 108:229-241). Scanning by the PIC ends 

upon complementary base-pairing between nucleotides comprising the anticodon of the 

initiator Met-tRNAi
Met transfer RNA and nucleotides comprising the initiation codon of the 

mRNA. Productive base-pairing between the AUG codon and the Met-tRNAi
Met anticodon 

elicits a series of structural and biochemical events that culminate in the joining of the large 20 

60S ribosomal subunit to the PIC to form an active ribosome that is competent for translation 

elongation. 

Insertion: As used herein, an “insertion” or an “addition” refers to a change in an 

amino acid or nucleotide sequence resulting in the addition of one or more amino acid 

residues or nucleotides, respectively, to a molecule as compared to a reference sequence, for 25 

example, the sequence found in a naturally-occurring molecule.   In some embodiments, an 

insertion may be a replacement. 

Insertion Site: As used herein, an “insertion site” is a position or region of a scaffold 

polypeptide that is amenable to insertion of an amino acid sequence of a heterologous 

polypeptide.  It is to be understood that an insertion site also may refer to the position or 30 

region of the polynucleotide that encodes the polypeptide (e.g., a codon of a polynucleotide 

that codes for a given amino acid in the scaffold polypeptide).  In some embodiments, 
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insertion of an amino acid sequence of a heterologous polypeptide into a scaffold polypeptide 

has little to no effect on the stability (e.g., conformational stability), expression level, or 

overall secondary structure of the scaffold polypeptide.   

Isolated:  As used herein, the term “isolated” refers to a substance or entity that has 

been separated from at least some of the components with which it was associated (whether 5 

in nature or in an experimental setting).  Isolated substances may have varying levels of 

purity in reference to the substances from which they have been associated. Isolated 

substances and/or entities may be separated from at least about 10%, about 20%, about 30%, 

about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, or more of the other 

components with which they were initially associated.  In some embodiments, isolated agents 10 

are more than about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 

94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more than about 99% 

pure.  As used herein, a substance is “pure” if it is substantially free of other components.   

Kozak Sequence:  The term “Kozak sequence” (also referred to as “Kozak consensus 

sequence”) refers to a translation initiation enhancer element to enhance expression of a gene 15 

or open reading frame, and which in eukaryotes, is located in the 5’ UTR.  The Kozak 

consensus sequence was originally defined as the sequence GCCRCC, where R = a purine, 

following an analysis of the effects of single mutations surrounding the initiation codon 

(AUG) on translation of the preproinsulin gene (Kozak (1986) Cell 44:283-292).  

Polynucleotides disclosed herein comprise a Kozak consensus sequence, or a derivative or 20 

modification thereof.  (Examples of translational enhancer compositions and methods of use 

thereof, see U.S. Pat. No. 5,807,707 to Andrews et al., incorporated herein by reference in its 

entirety; U.S. Pat. No. 5,723,332 to Chernajovsky, incorporated herein by reference in its 

entirety; U.S. Pat. No. 5,891,665 to Wilson, incorporated herein by reference in its entirety.)  

Leaky scanning: A phenomenon known as “leaky scanning” can occur whereby the 25 

PIC bypasses the initiation codon and instead continues scanning downstream until an 

alternate or alternative initiation codon is recognized.  Depending on the frequency of 

occurrence, the bypass of the initiation codon by the PIC can result in a decrease in 

translation efficiency. Furthermore, translation from this downstream AUG codon can occur, 

which will result in the production of an undesired, aberrant translation product that may not 30 

be capable of eliciting the desired therapeutic response. In some cases, the aberrant 
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translation product may in fact cause a deleterious response (Kracht et al., (2017) Nat Med 

23(4):501-507).  

Liposome: As used herein, by “liposome” is meant a structure including a lipid-

containing membrane enclosing an aqueous interior.  Liposomes may have one or more lipid 

membranes. Liposomes include single-layered liposomes (also known in the art as 5 

unilamellar liposomes) and multi-layered liposomes (also known in the art as multilamellar 

liposomes).   

Metastasis: As used herein, the term “metastasis” means the process by which cancer 

spreads from the place at which it first arose as a primary tumor to distant locations in the 

body.  A secondary tumor that arose as a result of this process may be referred to as “a 10 

metastasis.”  

Modified: As used herein “modified” or “modification” refers to a changed state or a 

change in composition or structure of a polynucleotide (e.g., mRNA). Polynucleotides may 

be modified in various ways including chemically, structurally, and/or functionally. For 

example, polynucleotides may be structurally modified by the incorporation of one or more 15 

RNA elements, wherein the RNA element comprises a sequence and/or an RNA secondary 

structure(s) that provides one or more functions (e.g., translational regulatory activity). 

Accordingly, polynucleotides of the disclosure may be comprised of one or more 

modifications (e.g., may include one or more chemical, structural, or functional 

modifications, including any combination thereof). 20 

mRNA: As used herein, an “mRNA” refers to a messenger ribonucleic acid.  An 

mRNA may be naturally or non-naturally occurring.  For example, an mRNA may include 

modified and/or non-naturally occurring components such as one or more nucleobases, 

nucleosides, nucleotides, or linkers.  An mRNA may include a cap structure, a chain 

terminating nucleoside, a stem loop, a polyA sequence, and/or a polyadenylation signal.  An 25 

mRNA may have a nucleotide sequence encoding a polypeptide.  Translation of an mRNA, 

for example, in vivo translation of an mRNA inside a mammalian cell, may produce a 

polypeptide.  Traditionally, the basic components of an mRNA molecule include at least a 

coding region, a 5'-untranslated region (5’-UTR), a 3'UTR, a 5' cap and a polyA sequence. 

microRNA (miRNA): As used herein, a “microRNA (miRNA)” is a small non-coding 30 

RNA molecule which may function in post-transcriptional regulation of gene expression 

(e.g., by RNA silencing, such as by cleavage of the mRNA, destabilization of the mRNA by 
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shortening its polyA tail, and/or by interfering with the efficiency of translation of the mRNA 

into a polypeptide by a ribosome).  A mature miRNA is typically about 22 nucleotides long.   

microRNA-122 (miR-122): As used herein, “microRNA-122 (miR-122)” refers to 

any native miR-122 from any vertebrate source, including, for example, humans, unless 

otherwise indicated.  miR-122 is typically highly expressed in the liver, where it may regulate 5 

fatty-acid metabolism.  miR-122 levels are reduced in liver cancer, for example, 

hepatocellular carcinoma.  miR-122 is one of the most highly-expressed miRNAs in the liver, 

where it regulates targets including but not limited to CAT-1, CD320, AldoA, Hjv, Hfe, 

ADAM10, IGFR1, CCNG1, and ADAM17.  Mature human miR-122 may have a sequence of 

AACGCCAUUAUCACACUAAAUA (SEQ ID NO: 172, corresponding to hsa-miR-122-3p) 10 

or UGGAGUGUGACAAUGGUGUUUG (SEQ ID NO: 174, corresponding to hsa-miR-122-

5p).   
microRNA-21 (miR-21): As used herein, “microRNA-21 (miR-21)” refers to any 

native miR-21 from any vertebrate source, including, for example, humans, unless otherwise 

indicated.  miR-21 levels are increased in liver cancer, for example, hepatocellular 15 

carcinoma, as compared to normal liver.  Mature human miR-21 may have a sequence of 

UAGCUUAUCAGACUGAUGUUGA (SEQ ID NO: 34 , corresponding to has-miR-21-5p) 

or 5’ – CAACACCAGUCGAUGGGCUGU – 3’ (SEQ ID NO: 35  , corresponding to has-

miR-21-3p).   

microRNA-142 (miR-142): As used herein, “microRNA-142 (miR-142)” refers to 20 

any native miR-142 from any vertebrate source, including, for example, humans, unless 

otherwise indicated.  miR-142 is typically highly expressed in myeloid cells.  Mature human 

miR-142 may have a sequence of UGUAGUGUUUCCUACUUUAUGGA (SEQ ID NO: 28, 

corresponding to hsa-miR-142-3p) or CAUAAAGUAGAAAGCACUACU (SEQ ID NO: 30, 

corresponding to hsa-miR-142-5p).   25 

microRNA (miRNA) binding site: As used herein, a “microRNA (miRNA) binding 

site” refers to a miRNA target site or a miRNA recognition site, or any nucleotide sequence 

to which a miRNA binds or associates.  In some embodiments, a miRNA binding site 

represents a nucleotide location or region of a polynucleotide (e.g., an mRNA) to which at 

least the “seed” region of a miRNA binds.  It should be understood that “binding” may follow 30 

traditional Watson-Crick hybridization rules or may reflect any stable association of the 

miRNA with the target sequence at or adjacent to the microRNA site.   



  MDN-015PC 

291 

miRNA seed: As used herein, a “seed” region of a miRNA refers to a sequence in the 

region of positions 2-8 of a mature miRNA, which typically has perfect Watson-Crick 

complementarity to the miRNA binding site.  A miRNA seed may include positions 2-8 or 2-

7 of a mature miRNA.  In some embodiments, a miRNA seed may comprise 7 nucleotides 

(e.g., nucleotides 2-8 of a mature miRNA), wherein the seed-complementary site in the 5 

corresponding miRNA binding site is flanked by an adenine (A) opposed to miRNA position 

1.  In some embodiments, a miRNA seed may comprise 6 nucleotides (e.g., nucleotides 2-7 

of a mature miRNA), wherein the seed-complementary site in the corresponding miRNA 

binding site is flanked by an adenine (A) opposed to miRNA position 1.  When referring to a 

miRNA binding site, an miRNA seed sequence is to be understood as having 10 

complementarity (e.g., partial, substantial, or complete complementarity) with the seed 

sequence of the miRNA that binds to the miRNA binding site. 

Modified: As used herein “modified” refers to a changed state or structure of a 

molecule of the disclosure.  Molecules may be modified in many ways including chemically, 

structurally, and functionally.  In one embodiment, the mRNA molecules of the present 15 

disclosure are modified by the introduction of non-natural nucleosides and/or nucleotides, 

e.g., as it relates to the natural ribonucleotides A, U, G, and C. Noncanonical nucleotides such 

as the cap structures are not considered “modified” although they differ from the chemical 

structure of the A, C, G, U ribonucleotides. 

Nanoparticle: As used herein, “nanoparticle” refers to a particle having any one 20 

structural feature on a scale of less than about 1000nm that exhibits novel properties as 

compared to a bulk sample of the same material. Routinely, nanoparticles have any one 

structural feature on a scale of less than about 500 nm, less than about 200 nm, or about 100 

nm. Also routinely, nanoparticles have any one structural feature on a scale of from about 50 

nm to about 500 nm, from about 50 nm to about 200 nm or from about 70 to about 120 mn. 25 

In exemplary embodiments, a nanoparticle is a particle having one or more dimensions of the 

order of about 1 - 1000nm. In other exemplary embodiments, a nanoparticle is a particle 

having one or more dimensions of the order of about 10- 500 nm. In other exemplary 

embodiments, a nanoparticle is a particle having one or more dimensions of the order of 

about 50- 200 nm.  A spherical nanoparticle would have a diameter, for example, of between 30 

about 50-100 or 70-120 nanometers. A nanoparticle most often behaves as a unit in terms of 

its transport and properties. It is noted that novel properties that differentiate nanoparticles 

from the corresponding bulk material typically develop at a size scale of under 1000nm, or at 

a size of about 100nm, but nanoparticles can be of a larger size, for example, for particles that 
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are oblong, tubular, and the like. Although the size of most molecules would fit into the 

above outline, individual molecules are usually not referred to as nanoparticles. 

Nucleic acid: As used herein, the term “nucleic acid” is used in its broadest sense 

and encompasses any compound and/or substance that includes a polymer of nucleotides.  

These polymers are often referred to as polynucleotides.  Exemplary nucleic acids or 5 

polynucleotides of the disclosure include, but are not limited to, ribonucleic acids (RNAs), 

deoxyribonucleic acids (DNAs), DNA-RNA hybrids, RNAi-inducing agents, RNAi agents, 

siRNAs, shRNAs, miRNAs, antisense RNAs, ribozymes, catalytic DNA, RNAs that induce 

triple helix formation, threose nucleic acids (TNAs), glycol nucleic acids (GNAs), peptide 

nucleic acids (PNAs), locked nucleic acids (LNAs, including LNA having a β-D-ribo 10 

configuration, α-LNA having an α-L-ribo configuration (a diastereomer of LNA), 2'-amino-

LNA having a 2'-amino functionalization, and 2'-amino-α-LNA having a 2'-amino 

functionalization) or hybrids thereof.   

Nucleic Acid Structure: As used herein, the term “nucleic acid structure” (used 

interchangeably with “polynucleotide structure”) refers to the arrangement or organization of 15 

atoms, chemical constituents, elements, motifs, and/or sequence of linked nucleotides, or 

derivatives or analogs thereof, that comprise a nucleic acid (e.g., an mRNA).  The term also 

refers to the two-dimensional or three-dimensional state of a nucleic acid. Accordingly, the 

term “RNA structure” refers to the arrangement or organization of atoms, chemical 

constituents, elements, motifs, and/or sequence of linked nucleotides, or derivatives or 20 

analogs thereof, comprising an RNA molecule (e.g., an mRNA) and/or refers to a two-

dimensional and/or three dimensional state of an RNA molecule. Nucleic acid structure can 

be further demarcated into four organizational categories referred to herein as “molecular 

structure”, “primary structure”, “secondary structure”, and “tertiary structure” based on 

increasing organizational complexity. 25 

Nucleobase: As used herein, the term “nucleobase” (alternatively “nucleotide base” 

or “nitrogenous base”) refers to a purine or pyrimidine heterocyclic compound found in 

nucleic acids, including any derivatives or analogs of the naturally occurring purines and 

pyrimidines that confer improved properties (e.g., binding affinity, nuclease resistance, 

chemical stability) to a nucleic acid or a portion or segment thereof. Adenine, cytosine, 30 

guanine, thymine, and uracil are the nucleobases predominately found in natural nucleic 

acids. Other natural, non-natural, and/or synthetic nucleobases, as known in the art and/or 

described herein, can be incorporated into nucleic acids. 
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Nucleoside/Nucleotide: As used herein, the term “nucleoside” refers to a compound 

containing a sugar molecule (e.g., a ribose in RNA or a deoxyribose in DNA), or derivative 

or analog thereof, covalently linked to a nucleobase (e.g., a purine or pyrimidine), or a 

derivative or analog thereof (also referred to herein as “nucleobase”), but lacking an 

internucleoside linking group (e.g., a phosphate group). As used herein, the term “nucleotide” 5 

refers to a nucleoside covalently bonded to an internucleoside linking group (e.g., a 

phosphate group), or any derivative, analog, or modification thereof that confers improved 

chemical and/or functional properties (e.g., binding affinity, nuclease resistance, chemical 

stability) to a nucleic acid or a portion or segment thereof. 

Open Reading Frame: As used herein, the term “open reading frame”, abbreviated as 10 

“ORF”, refers to a segment or region of an mRNA molecule that encodes a polypeptide. The 

ORF comprises a continuous stretch of non-overlapping, in-frame codons, beginning with the 

initiation codon and ending with a stop codon, and is translated by the ribosome. 

Patient: As used herein, “patient” refers to a subject who may seek or be in need of 

treatment, requires treatment, is receiving treatment, will receive treatment, or a subject who 15 

is under care by a trained professional for a particular disease or condition.  In particular 

embodiments, a patient is a human patient.  In some embodiments, a patient is a patient 

suffering from cancer (e.g., liver cancer or colorectal cancer).   

Pharmaceutically acceptable: The phrase “pharmaceutically acceptable” is 

employed herein to refer to those compounds, materials, compositions, and/or dosage forms 20 

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, irritation, allergic response, 

or other problem or complication, commensurate with a reasonable benefit/risk ratio 

Pharmaceutically acceptable excipient: The phrase “pharmaceutically acceptable 

excipient,” as used herein, refers any ingredient other than the compounds described herein 25 

(for example, a vehicle capable of suspending or dissolving the active compound) and having 

the properties of being substantially nontoxic and non-inflammatory in a patient.  Excipients 

may include, for example: antiadherents, antioxidants, binders, coatings, compression aids, 

disintegrants, dyes (colors), emollients, emulsifiers, fillers (diluents), film formers or 

coatings, flavors, fragrances, glidants (flow enhancers), lubricants, preservatives, printing 30 

inks, sorbents, suspensing or dispersing agents, sweeteners, and waters of hydration.  

Exemplary excipients include, but are not limited to: butylated hydroxytoluene (BHT), 

calcium carbonate, calcium phosphate (dibasic), calcium stearate, croscarmellose, crosslinked 

polyvinyl pyrrolidone, citric acid, crospovidone, cysteine, ethylcellulose, gelatin, 
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hydroxypropyl cellulose, hydroxypropyl methylcellulose, lactose, magnesium stearate, 

maltitol, mannitol, methionine, methylcellulose, methyl paraben, microcrystalline cellulose, 

polyethylene glycol, polyvinyl pyrrolidone, povidone, pregelatinized starch, propyl paraben, 

retinyl palmitate, shellac, silicon dioxide, sodium carboxymethyl cellulose, sodium citrate, 

sodium starch glycolate, sorbitol, starch (corn), stearic acid, sucrose, talc, titanium dioxide, 5 

vitamin A, vitamin E, vitamin C, and xylitol. 

Pharmaceutically acceptable salts:  As used herein, “pharmaceutically acceptable 

salts” refers to derivatives of the disclosed compounds wherein the parent compound is 

modified by converting an existing acid or base moiety to its salt form (e.g., by reacting the 

free base group with a suitable organic acid).  Examples of pharmaceutically acceptable salts 10 

include, but are not limited to, mineral or organic acid salts of basic residues such as amines; 

alkali or organic salts of acidic residues such as carboxylic acids; and the like.  

Representative acid addition salts include acetate, acetic acid, adipate, alginate, ascorbate, 

aspartate, benzenesulfonate, benzene sulfonic acid, benzoate, bisulfate, borate, butyrate, 

camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate, 15 

ethanesulfonate, fumarate, glucoheptonate, glycerophosphate, hemisulfate, heptonate, 

hexanoate, hydrobromide, hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, 

lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-

naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate, 

persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate, 20 

sulfate, tartrate, thiocyanate, toluenesulfonate, undecanoate, valerate salts, and the like.  

Representative alkali or alkaline earth metal salts include sodium, lithium, potassium, 

calcium, magnesium, and the like, as well as nontoxic ammonium, quaternary ammonium, 

and amine cations, including, but not limited to ammonium, tetramethylammonium, 

tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine, 25 

ethylamine, and the like.  The pharmaceutically acceptable salts of the present disclosure 

include the conventional non-toxic salts of the parent compound formed, for example, from 

non-toxic inorganic or organic acids.  The pharmaceutically acceptable salts of the present 

disclosure can be synthesized from the parent compound which contains a basic or acidic 

moiety by conventional chemical methods.  Generally, such salts can be prepared by reacting 30 

the free acid or base forms of these compounds with a stoichiometric amount of the 

appropriate base or acid in water or in an organic solvent, or in a mixture of the two; 

generally, nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are 

preferred.  Lists of suitable salts are found in Remington’s Pharmaceutical Sciences, 17th ed., 
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Mack Publishing Company, Easton, Pa., 1985, p. 1418, Pharmaceutical Salts: Properties, 

Selection, and Use, P.H. Stahl and C.G. Wermuth (eds.), Wiley-VCH, 2008, and Berge et al., 

Journal of Pharmaceutical Science, 66, 1-19 (1977), each of which is incorporated herein by 

reference in its entirety.   

Polypeptide: As used herein, the term “polypeptide” or “polypeptide of interest” 5 

refers to a polymer of amino acid residues typically joined by peptide bonds that can be 

produced naturally (e.g., isolated or purified) or synthetically. 

Pre-Initiation Complex (PIC): As used herein, the term “pre-initiation complex” 

(alternatively “43S pre-initiation complex”; abbreviated as “PIC”) refers to a 

ribonucleoprotein complex comprising a 40S ribosomal subunit, eukaryotic initiation factors 10 

(eIF1, eIF1A, eIF3, eIF5), and the eIF2-GTP-Met-tRNAi
Met ternary complex, that is 

intrinsically capable of attachment to the 5’ cap of an mRNA molecule and, after attachment, 

of performing ribosome scanning of the 5’ UTR. 

RNA element: As used herein, the term “RNA element” refers to a portion, fragment, 

or segment of an RNA molecule that provides a biological function and/or has biological 15 

activity (e.g., translational regulatory activity). Modification of a polynucleotide by the 

incorporation of one or more RNA elements, such as those described herein, provides one or 

more desirable functional properties to the modified polynucleotide.  RNA elements, as 

described herein, can be naturally-occurring, non-naturally occurring, synthetic, engineered, 

or any combination thereof.  For example, naturally-occurring RNA elements that provide a 20 

regulatory activity include elements found throughout the transcriptomes of viruses, 

prokaryotic and eukaryotic organisms (e.g., humans). RNA elements in particular eukaryotic 

mRNAs and translated viral RNAs have been shown to be involved in mediating many 

functions in cells.  Exemplary natural RNA elements include, but are not limited to, 

translation initiation elements (e.g., internal ribosome entry site (IRES), see Kieft et al., 25 

(2001) RNA 7(2):194-206), translation enhancer elements (e.g., the APP mRNA translation 

enhancer element, see Rogers et al., (1999) J Biol Chem 274(10):6421-6431), mRNA 

stability elements (e.g.,  AU-rich elements (AREs), see Garneau et al., (2007) Nat Rev Mol 

Cell Biol 8(2):113-126), translational repression element (see e.g., Blumer et al., (2002) 

Mech Dev 110(1-2):97-112), protein-binding RNA elements (e.g., iron-responsive element, 30 

see Selezneva et al., (2013) J Mol Biol 425(18):3301-3310), cytoplasmic polyadenylation 

elements (Villalba et al., (2011) Curr Opin Genet Dev 21(4):452-457), and catalytic RNA 

elements (e.g., ribozymes, see Scott et al., (2009) Biochim Biophys Acta 1789(9-10):634-

641). 
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Residence time: As used herein, the term “residence time” refers to the time of 

occupancy of a pre-initiation complex (PIC) or a ribosome at a discrete position or location 

along an mRNA molecule.   

Substantially:  As used herein, the term “substantially” refers to the qualitative 

condition of exhibiting total or near-total extent or degree of a characteristic or property of 5 

interest.  One of ordinary skill in the biological arts will understand that biological and 

chemical phenomena rarely, if ever, go to completion and/or proceed to completeness or 

achieve or avoid an absolute result.  The term “substantially” is therefore used herein to 

capture the potential lack of completeness inherent in many biological and chemical 

phenomena. 10 

Suffering from:  An individual who is “suffering from” a disease, disorder, and/or 

condition has been diagnosed with or displays one or more symptoms of a disease, disorder, 

and/or condition. 

Targeting moiety: As used herein, a “targeting moiety” is a compound or agent that 

may target a nanoparticle to a particular cell, tissue, and/or organ type.   15 

Therapeutic Agent: The term “therapeutic agent” refers to any agent that, when 

administered to a subject, has a therapeutic, diagnostic, and/or prophylactic effect and/or 

elicits a desired biological and/or pharmacological effect.    

Transfection: As used herein, the term “transfection” refers to methods to introduce a 

species (e.g., a polynucleotide, such as a mRNA) into a cell.   20 

Translational Regulatory Activity: As used herein, the term “translational regulatory 

activity” (used interchangeably with “translational regulatory function”) refers to a biological 

function, mechanism, or process that modulates (e.g., regulates, influences, controls, varies) 

the activity of the translational apparatus, including the activity of the PIC and/or ribosome.  

In some aspects, the desired translation regulatory activity promotes and/or enhances the 25 

translational fidelity of mRNA translation.  In some aspects, the desired translational 

regulatory activity reduces and/or inhibits leaky scanning.    Subject:  As used herein, the 

term “subject” refers to any organism to which a composition in accordance with the 

disclosure may be administered, e.g., for experimental, diagnostic, prophylactic, and/or 

therapeutic purposes.  Typical subjects include animals (e.g., mammals such as mice, rats, 30 

rabbits, non-human primates, and humans) and/or plants.  In some embodiments, a subject 

may be a patient.  

Treating:  As used herein, the term “treating” refers to partially or completely 

alleviating, ameliorating, improving, relieving, delaying onset of, inhibiting progression of, 
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reducing severity of, and/or reducing incidence of one or more symptoms or features of a 

particular infection, disease, disorder, and/or condition.  For example, “treating” cancer may 

refer to inhibiting survival, growth, and/or spread of a tumor.  Treatment may be 

administered to a subject who does not exhibit signs of a disease, disorder, and/or condition 

and/or to a subject who exhibits only early signs of a disease, disorder, and/or condition for 5 

the purpose of decreasing the risk of developing pathology associated with the disease, 

disorder, and/or condition.   

Preventing: As used herein, the term “preventing” refers to partially or completely 

inhibiting the onset of one or more symptoms or features of a particular infection, disease, 

disorder, and/or condition. 10 

Tumor: As used herein, a “tumor” is an abnormal growth of tissue, whether benign 

or malignant.   

Unmodified:  As used herein, “unmodified” refers to any substance, compound or 

molecule prior to being changed in any way.  Unmodified may, but does not always, refer to 

the wild type or native form of a biomolecule.  Molecules may undergo a series of 15 

modifications whereby each modified molecule may serve as the “unmodified” starting 

molecule for a subsequent modification. 

Uridine Content: The terms "uridine content" or "uracil content" are interchangeable 

and refer to the amount of uracil or uridine present in a certain nucleic acid sequence. Uridine 

content or uracil content can be expressed as an absolute value (total number of uridine or 20 

uracil in the sequence) or relative (uridine or uracil percentage respect to the total number of 

nucleobases in the nucleic acid sequence). 

Uridine-Modified Sequence: The terms "uridine-modified sequence" refers to a 

sequence optimized nucleic acid (e.g., a synthetic mRNA sequence) with a different overall 

or local uridine content (higher or lower uridine content) or with different uridine patterns 25 

(e.g., gradient distribution or clustering) with respect to the uridine content and/or uridine 

patterns of a candidate nucleic acid sequence. In the content of the present disclosure, the 

terms "uridine-modified sequence" and "uracil-modified sequence" are considered equivalent 

and interchangeable.  

A "high uridine codon" is defined as a codon comprising two or three uridines, a 30 

"low uridine codon" is defined as a codon comprising one uridine, and a "no uridine codon" 

is a codon without any uridines. In some embodiments, a uridine-modified sequence 

comprises substitutions of high uridine codons with low uridine codons, substitutions of high 

uridine codons with no uridine codons, substitutions of low uridine codons with high uridine 
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codons, substitutions of low uridine codons with no uridine codons, substitution of no uridine 

codons with low uridine codons, substitutions of no uridine codons with high uridine codons, 

and combinations thereof. In some embodiments, a high uridine codon can be replaced with 

another high uridine codon. In some embodiments, a low uridine codon can be replaced with 

another low uridine codon. In some embodiments, a no uridine codon can be replaced with 5 

another no uridine codon. A uridine-modified sequence can be uridine enriched or uridine 

rarefied. 

Uridine Enriched: As used herein, the terms "uridine enriched" and grammatical 

variants refer to the increase in uridine content (expressed in absolute value or as a 

percentage value) in a sequence optimized nucleic acid (e.g., a synthetic mRNA sequence) 10 

with respect to the uridine content of the corresponding candidate nucleic acid sequence. 

Uridine enrichment can be implemented by substituting codons in the candidate nucleic acid 

sequence with synonymous codons containing less uridine nucleobases. Uridine enrichment 

can be global (i.e., relative to the entire length of a candidate nucleic acid sequence) or local 

(i.e., relative to a subsequence or region of a candidate nucleic acid sequence).  15 

Uridine Rarefied: As used herein, the terms "uridine rarefied" and grammatical 

variants refer to a decrease in uridine content (expressed in absolute value or as a percentage 

value) in an sequence optimized nucleic acid (e.g., a synthetic mRNA sequence) with respect 

to the uridine content of the corresponding candidate nucleic acid sequence. Uridine 

rarefication can be implemented by substituting codons in the candidate nucleic acid 20 

sequence with synonymous codons containing less uridine nucleobases. Uridine rarefication 

can be global (i.e., relative to the entire length of a candidate nucleic acid sequence) or local 

(i.e., relative to a subsequence or region of a candidate nucleic acid sequence). 

 

Equivalents and Scope  25 

Those skilled in the art will recognize, or be able to ascertain using no more than 

routine experimentation, many equivalents to the specific embodiments in accordance with 

the disclosure described herein.  The scope of the present disclosure is not intended to be 

limited to the Description below, but rather is as set forth in the appended claims. 

In the claims, articles such as “a,” “an,” and “the” may mean one or more than one 30 

unless indicated to the contrary or otherwise evident from the context.  Claims or descriptions 

that include “or” between one or more members of a group are considered satisfied if one, 

more than one, or all of the group members are present in, employed in, or otherwise relevant 

to a given product or process unless indicated to the contrary or otherwise evident from the 
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context.  The disclosure includes embodiments in which exactly one member of the group is 

present in, employed in, or otherwise relevant to a given product or process.  The disclosure 

includes embodiments in which more than one, or all of the group members are present in, 

employed in, or otherwise relevant to a given product or process.   

It is also noted that the terms “comprising”, “comprise”, “comprises”, “having”, 5 

“have” and “has” are intended to be open and permit but does not require the inclusion of 

additional elements or steps.  When these terms  are used herein, the term “consisting of” is 

thus also encompassed and disclosed. 

Where ranges are given, endpoints are included.  Furthermore, it is to be understood 

that unless otherwise indicated or otherwise evident from the context and understanding of 10 

one of ordinary skill in the art, values that are expressed as ranges can assume any specific 

value or subrange within the stated ranges in different embodiments of the disclosure, to the 

tenth of the unit of the lower limit of the range, unless the context clearly dictates otherwise. 

 All cited sources, for example, references, publications, databases, database entries, 

and art cited herein, are incorporated into this application by reference, even if not expressly 15 

stated in the citation. In case of conflicting statements of a cited source and the instant 

application, the statement in the instant application shall control. 

 

Examples 

 The disclosure will be more fully understood by reference to the following examples. 20 

They should not, however, be construed as limiting the scope of the disclosure.  It is 

understood that the examples and embodiments described herein are for illustrative purposes 

only and that various modifications or changes in light thereof will be suggested to persons 

skilled in the art and are to be included within the spirit and purview of this application and 

scope of the appended claims. 25 

 

Example 1:  STING Immune Potentiator mRNA Constructs 

 In this example, a series of mmRNA constructs that encoded constitutively activated 

forms of human STING were made and tested for their ability to stimulate interferon-β (IFN-

β) production.  The human STING protein encoded by the constructs was constitutively 30 

activated through introduction of one or more point mutations.  The following single or 

combination point mutations were tested:  (i) V155M; (ii) R284T; (iii) 

V147L/N154S/V155M; and (iv) R284M/V147L/N154S/V155M.  These constructs typically 
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also encoded an epitope tag at either the N-terminus or C-terminus to facilitate detection.  

Different epitope tags were tested (FLAG, Myc, CT, HA, V5).  Additionally, all constructs 

contained a Cap 1 5’ Cap (7mG(5')ppp(5')NlmpNp), 5’ UTR, 3’ UTR, a poly A tail of 100 

nucleotides and were fully modified with 1-methyl-pseudouridine (m1ψ).  The ORF amino 

acid sequences of representative constitutively active human STING constructs without any 5 

epitope tag are shown in SEQ ID NOs: 1-10.  An exemplary 5’ UTR for use in the constructs 

is shown in SEQ ID NO: 21.  An exemplary 3’ UTR for use in the constructs is shown in 

SEQ ID NO: 22.  An exemplary 3’ UTR comprising miR-122 and miR-142.3p binding sites 

for use in the constructs is shown in SEQ ID NO: 23. 

 To determine whether constitutively active STING constructs could stimulate IFN-β 10 

production, the constructs were transfected into human TF1a cells.  Wild-type (non-

constitutively active) human and mouse STING constructs were used as negative controls.  

Twenty-five thousand cells/well were plated in 96 well plates and the mmRNA constructs 

(250 ng) were transfected into them using Lipofectamine 2000.  After 24 and 48 hours, 

supernatants were harvested and IFN-β levels were determined by standard ELISA.  The 15 

results are shown in FIG. 1, which demonstrate that the constitutively active STING 

constructs stimulated IFN-β production, as compared to the wild-type (non-constitutively 

active) human and mouse STING controls.  While all four mutant STING constructs 

stimulated IFN-β production, the V155M mutant and the R284T mutant showed the highest 

activity.  These results demonstrate the ability of constitutively active STING mRNA 20 

constructs to enhance immune responses through stimulation of IFN-β production. 

 In a second set of experiments, a reporter gene whose transcription was driven by an 

interferon-sensitive response element (ISRE) was used to test the ability of a panel of 

constitutively active STING mRNA constructs to activate the ISRE in a STING KO reporter 

mouse line.  The results are shown in FIG. 2, which demonstrates that the constitutively 25 

active STING constructs stimulated reporter gene expression, thereby indicating that the 

constructs were capable of activating the interferon-sensitive response element (ISRE).  

 

Example 2:  IRF3 and IRF7 Immune Potentiator mRNA Constructs 

 In this example, a series of mmRNA constructs that encoded constitutively activated 30 

forms of IRF3 or IRF7 were made and tested for their ability to activate an interferon-

sensitive response element (ISRE).  The ORF amino acid sequences of representative 

constitutively active mouse and human IRF3 constructs, comprising a S396D point mutation, 
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without any epitope tag are shown in SEQ ID NOs: 11-12.  The ORF amino acid sequence of 

a wild-type human IRF7 construct without any epitope tag is shown in SEQ ID NO: 13.  The 

ORF amino acid sequences of representative constitutively active human IRF7 constructs 

without any epitope tag are shown in SEQ ID NOs: 14-18.  The ORF amino acid sequences 

of representative truncated human IRF7 constructs (inactive “null” mutations) without any 5 

epitope tag are shown in SEQ ID NOs: 19-20.  These constructs typically also encoded an 

epitope tag at either the N-terminus or C-terminus to facilitate detection.  Different epitope 

tags were tested (FLAG, Myc, CT, HA, V5).  Additionally, all constructs contained a Cap 1 

5’ Cap (7mG(5')ppp(5')NlmpNp), 5’ UTR, 3’ UTR, a poly A tail of 100 nucleotides and were 

fully modified with 1-methyl-pseudouridine (m1ψ).  An exemplary 5’ UTR for use in the 10 

constructs is shown in SEQ ID NO: 21.  An exemplary 3’ UTR for use in the constructs is 

shown in SEQ ID NO: 22.  An exemplary 3’ UTR comprising miR-122 and miR-142.3p 

binding sites for use in the constructs is shown in SEQ ID NO: 23. 

 A reporter gene whose transcription was driven by an interferon-sensitive response 

element (ISRE) was used to test the ability of constitutively active IRF3 and IRF7 mRNA 15 

constructs to activate the ISRE.  The results are shown in FIGs. 3A-3B, which demonstrate 

that the constitutively active IRF3 constructs (FIG. 3A) and the constitutively active IRF7 

constructs (FIG. 3B) stimulated reporter gene expression, thereby indicating that the 

constructs were capable of activating the interferon-sensitive response element (ISRE). 

 20 

Example 3:  IKKβ, cFLIP and RIPK1 Immune Potentiator mRNA Constructs  

 In this example, a luciferase reporter gene whose transcription was driven by the 

NFκB signaling pathway was used to test the ability of constitutively active IKK, cFLIP and 

RIPK1 mRNA constructs to activate NFκB signaling.  

 Constitutively active IKKβ construct comprised the following two point mutations: 25 

S177E/S181E.  Constitutively active IKKα or IKKβ constructs comprised PEST mutations.  

The ORF amino acid sequences of constitutively active IKKβ constructs without any epitope 

tag are shown in SEQ ID NOs: 87-90.  The ORF amino acid sequences of constitutively 

active IKKα or IKKβ constructs comprising a PEST mutation, without any epitope tag, are 

shown in SEQ ID NOs: 91-98.  Constitutively active cFLIP constructs comprised cFLIP-L, 30 

cFLIP-S (aa 1-227), cFLIP p22 (aa 1-198), cFLIP p43 (aa 1-376) or cFLIP p12 (aa 377-480).  

The ORF amino acid sequences of the cFLIP constructs without any epitope tag are shown in 

SEQ ID NOs: 82-86.  Structures of various constitutively active RIPK1 constructs are 



  MDN-015PC 

302 

described further in, for example, Yatim, N. et al. (2015) Science 350:328-334 or Orozco, S. 

et al. (2014) Cell Death Differ. 21:1511-1521.  The ORF amino acid sequences of the 

constitutively active RIPK1 constructs without any epitope tag are shown in SEQ ID NOs: 

99-104.  In addition to the open reading frame, all constructs contained a Cap 1 5’ Cap 

(7mG(5')ppp(5')NlmpNp), 5’ UTR, 3’ UTR, a poly A tail of 100 nucleotides and were fully 5 

modified with 1-methyl-pseudouridine (m1ψ).  An exemplary 5’ UTR for use in the 

constructs is shown in SEQ ID NO: 21.  An exemplary 3’ UTR for use in the constructs is 

shown in SEQ ID NO: 22.  An exemplary 3’ UTR comprising miR-122 and miR-142.3p 

binding sites for use in the constructs is shown in SEQ ID NO: 23. 

 In a first series of experiments, either the cFLIP or IKKβ constructs (12.5 ng RNA) 10 

were transfected into B16F10, MC38 or HEK293 cells, together with the NFκB-luc reporter 

gene and the Dual Luc Assay was performed 24 hours post-transfection as an indicator of 

activation of NFκB signaling.  The results are shown in FIG. 4, which demonstrates that the 

constitutively active cFLIP and IKKβ constructs stimulated reporter gene expression, thereby 

indicating that the constructs were capable of activating the NFκB signaling pathway.  In a 15 

second series of experiments, the RIPK1 constructs were transfected into B16F10 cells, 

together with the NFκB-luc reporter gene and the Dual Luc Assay was performed 24 hours 

post-transfection as an indicator of activation of NFκB signaling.  The results are shown in 

FIG. 5, which demonstrates that the constitutively active RIPK1 constructs stimulated 

reporter gene expression, thereby indicating that the constructs were capable of activating the 20 

NFκB signaling pathway.   

 

Example 4:  DIABLO Immune Potentiator mRNA Constructs 

 In this example, a series of mmRNA constructs that encoded DIABLO were made 

and tested for their ability to induce cytokine production.  These constructs typically also 25 

encoded an epitope tag at either the N-terminus or C-terminus to facilitate detection.  

Different epitope tags were tested (FLAG, Myc, CT, HA, V5).  Additionally, all constructs 

contained a Cap 1 5’ Cap (7mG(5')ppp(5')NlmpNp), 5’ UTR, 3’ UTR, a poly A tail of 100 

nucleotides and were fully modified with 1-methyl-pseudouridine (m1ψ).  The ORF amino 

acid sequences of the DIABLO constructs without any epitope tag are shown in SEQ ID 30 

NOs: 106-113.  An exemplary 5’ UTR for use in the constructs is shown in SEQ ID NO: 21.  

An exemplary 3’ UTR for use in the constructs is shown in SEQ ID NO: 22.  An exemplary 
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3’ UTR comprising miR-122 and miR-142.3p binding sites for use in the constructs is shown 

in SEQ ID NO: 23. 

 To determine wither the DIABLO constructs could induce cytokine production, the 

constructs were transfected into SKOV3 cells.  Ten thousand cells/well were plated in 96 

well plates and the mmRNA constructs were transfected into them using Lipofectamine 2000. 5 

Stimulation of cytokine production by the DIABLO mmRNA constructs in the SKOV3 cells 

was measured.  The results, shown in FIG. 6 for TNF-α and in FIG. 7 for interleukin 6 (IL-

6), demonstrate that a number of the DIABLO mmRNA constructs stimulate production of 

cytokines by the SKOV3 cells. 

 10 

Example 5:  Immune Potentiator mRNAs Enhance MC38 Cancer Vaccine Responses 

 In this example, the potency and durability of responses to an MC38 mRNA-based 

cancer vaccine used in combination with STING, IRF3 or IRF7 immune potentiator mRNA 

constructs were examined.  The MC38 murine tumor model has been used to identify 

immunogenic mutant peptides containing neoepitopes capable of stimulating anti-tumor T 15 

cell responses (see e.g., Yadav, M. et al. (2014) Nature 515:572-576).  Thus, a cancer 

vaccination approach that leads to a robust and durable immune response against tumor 

neoepitopes is highly desireable.   

 The MC38 vaccine used in this example was an mRNA construct encoding an ADR 

concatemer of three 25mer mutant peptides containing tumor neoepitopes derived from 20 

Adpgk, Dpagt1, and Reps1 (this vaccine is also referred to herein as ADRvax).  The mRNA 

construct encodes the open reading frame shown in SEQ ID NO: 120, which also includes an 

N-terminal His-tag for easy detection.  Mice were immunized intramuscularly with the 

ADRvax mRNA vaccine (at a dose of 0.25 mg/kg) on days 0 and 14, combination with either 

a control mRNA construct (NTFIX), or a STING, IRF3 or IRF7 immune potentiator mRNA 25 

construct (at a dose of 0.25 mg/kg).  The constitutively active STING immune potentiator 

contained a V155M mutation (mouse version corresponding to SEQ ID NO: 1).  The 

constitutively active IRF3 immune potentiator contained a S396D mutation (corresponding to 

SEQ ID NO: 12).  The constitutively active IRF7 immune potentiator contained an internal 

deletion and six point mutations (mouse version corresponding to SEQ ID NO: 18).  The 30 

MC38 vaccine construct and the genetic adjuvant construct were coformulated in MC3 lipid 

nanoparticles.  
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 At day 21 and 35, CD8+ spleen cells from mice in each test group were restimulated 

ex vivo for 4 hours at 37 degrees C in the presence of GolgiPlug™ (containing Brefeldin A; 

BD Biosciences) with either wild-type or mutant MC38 ADR peptides (1 µg/ml per peptide) 

and CD8 vaccine responses were assessed by intracellular staining (ICS) for IFN-γ.  

Representative ICS results for MC38 ADR-specific responses by day 21 and day 35 5 

CD8+spleen cells for IFN-γ are shown in FIG. 8A (day 21) and FIG. 8B (day 31).  Similar 

results were observed for ICS for TNF-α and for CD8+PBMCs.  The results demonstrate that 

CD8 vaccine responses were greatly enhanced by the STING immune potentiator construct, 

and moderately enhanced by the IRF3 and IRF7 immune potentiator constructs.  An initial 

improvement in the antigen-specific CD8 response for mice treated with immune potentiators 10 

was observed at day 21 (approximately 5% versus 1% for STING treatment vs. control), 

which continued to improve by day 35 (up to 15% for STING treatment compared to 

control), thereby demonstrating the durability of the response. 

 The percentage of CD8b+ cells among the live CD45+ cells was also examined.  The 

results for day 35 spleen cells and PBMCs are shown in FIG. 9A, which demonstrates that 15 

the genetic adjuvants expand the total CD8b+ population.  As demonstrated in FIG. 9B, the 

majority of the CD8+ spleen cells and PBMCs were found to have an “effector memory” 

CD62Llo phenotype.  Additional staining experiments demonstrated that the STING and IRF7 

immune potentiator construct slightly reduced the % of total Foxp3+ Treg CD4 Tcells (data 

not shown).  Additional staining experiments demonstrated that the immune potentiators did 20 

not change the % of CD138+ plasmablasts (data not shown). 

 

Example 6:  KRAS-STING mRNA Constructs 

 A comprehensive survey of Ras mutations in various cancer types has been reported 

(Prior, I.A. et al. (2012) Cancer Res. 72:2457-2467).  This survey demonstrated that the top 25 

four most frequent mutations of KRAS in colorectal cancer, pancreatic cancer and non-small 

cell lung cancer are G12D, G12V, G13D and G12C.  A series of mutant KRAS mRNA 

constructs were prepared that encoded one or more KRAS peptides containing one of these 

four mutations, for use as KRAS anti-tumor mRNA-based vaccines.  Furthermore, to 

examine the effect of mRNA-based immune potentiators on KRAS vaccine responses, a 30 

series of mRNA constructs were prepared that encoded one or more mutant KRAS peptides 

linked at the N-terminus or the C-terminus to sequence encoding STING as an immune 
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potentiator.  Thus, in these KRAS-STING mRNA constructs, the vaccine antigen(s) and the 

immune potentiator are encoded by the same mRNA construct.   

 Mutant KRAS peptide mRNA constructs were prepared that encoded: a 15mer 

peptide having the G12D, G12V or the G13D mutation (the amino acid sequence of which is 

shown in SEQ ID NOs: 36-38, respectively); a 25mer peptide having the G12D, G12V or the 5 

G13D mutation (SEQ ID NOs: 39-41, respectively); three copies of the 15mer peptide having 

the G12D, G12V or the G13D mutation (SEQ ID NOs: 42-44, respectively); or three copies 

of the 25mer peptide having the G12D, G12V or the G13D mutation (SEQ ID NOs: 45-47, 

respectively).  Additional constructs encoded one copy or three copies of a 25mer peptide 

having a G12C mutation (SEQ ID NOs: 72-73, respectively) or a wild-type 25mer peptide 10 

(SEQ ID NO: 74).   In certain embodiments, a G12C KRAS mutation may be used in 

combination with a G12D, G12V or G13D mutation, or combinations thereof.  Nucleotide 

sequences encoding these mutant KRAS peptides are provided in Example 7. 

 Mutant KRAS peptide-STING mRNA constructs, having the STING coding 

sequence at the N-terminus, were prepared that encoded: a 15mer peptide having the G12D, 15 

G12V or the G13D mutation (the amino acid sequence of which is shown in SEQ ID NOs:  

48-50, respectively); a 25mer peptide having the G12D, G12V or the G13D mutation (SEQ 

ID NOs: 51-53, respectively); three copies of the 15mer peptide having the G12D, G12V or 

the G13D mutation (SEQ ID NOs: 54-56, respectively); or three copies of the 25mer peptide 

having the G12D, G12V or the G13D mutation (SEQ ID NOs: 57-59, respectively).  In 20 

certain embodiments, a G12C KRAS mutation may be used in combination with a G12D, 

G12V or G13D mutation, or combinations thereof.  Representative nucleotide sequences 

encoding these KRAS peptide-STING constructs having the STING coding sequence at the 

N-terminus are shown in SEQ ID NOs: 160 and 162. 

 Mutant KRAS peptide-STING mRNA constructs, having the STING coding 25 

sequence at the C-terminus, were prepared that encoded: a 15mer peptide having the G12D, 

G12V or the G13D mutation (the amino acid sequence of which is shown in SEQ ID NOs:  

60-62, respectively); a 25mer peptide having the G12D, G12V or the G13D mutation (SEQ 

ID NOs: 63-65, respectively); three copies of the 15mer peptide having the G12D, G12V or 

the G13D mutation (SEQ ID NOs: 66-68, respectively); or three copies of the 25mer peptide 30 

having the G12D, G12V or the G13D mutation (SEQ ID NOs: 69-70, respectively).  In 

certain embodiments, a G12C KRAS mutation may be used in combination with a G12D, 

G12V or G13D mutation, or combinations thereof.  Representative nucleotide sequences 
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encoding these KRAS peptide-STING constructs having the STING coding sequence at the 

C-terminus are shown in SEQ ID NOs: 161 and 163. 

 These constructs can also encoded an epitope tag at either the N-terminus or C-

terminus to facilitate detection.  Different epitope tags can be used (e.g., FLAG, Myc, CT, 

HA, V5).  Additionally, all constructs contained a Cap 1 5’ Cap (7mG(5')ppp(5')NlmpNp), 5’ 5 

UTR, 3’ UTR, a poly A tail and were fully modified with 1-methyl-pseudouridine (m1ψ).  

An exemplary 5’ UTR for use in the constructs is shown in SEQ ID NO: 21.  An exemplary 

3’ UTR for use in the constructs is shown in SEQ ID NO: 22.  An exemplary 3’ UTR 

comprising miR-122 and miR-142.3p binding sites for use in the constructs is shown in SEQ 

ID NO: 23. 10 

 To test vaccine responses in mice treated either with a KRAS mutant peptide(s) 

mRNA vaccine construct or with a KRAS mutant peptide(s) vaccine-STING immune 

potentiator mRNA construct, mice (HLA-A*11:01 or HLA-A*2:01; Taconic) are immunized 

with a KRAS mutant peptide vaccine mRNA construct (e.g., encoding one of SEQ ID NOs: 

36-47) or with a KRAS mutant peptide vaccine-STING immune potentiator mRNA construct 15 

(e.g., encoding one of SEQ ID NOs: 48-71).  Mice are immunized intramuscularly on day 1 

and day 15 (0.5 mg/kg) and sacrificed at day 22.  To test CD8 vaccine responses, CD8+ 

spleen cells and PBMCs are restimulated ex vivo for 5 hours at 37 degrees C in the presence 

of GolgiPlug™ (containing Brefeldin A; BD Biosciences) with either mutant KRAS peptides 

(G12D, G12V or G13D) or with wild type KRAS peptide (2 µg/ml per peptide).  CD8 20 

vaccine responses can then be assessed by intracellular staining (ICS) for IFN-γ and/or TNF-

α.  Enhanced ICS responses for IFN-γ and/or TNF-α in mice treated with the KRAS mutant 

peptide vaccine-STING immune potentiator mRNA construct, as compared to treatment with 

the KRAS mutant peptide vaccine mRNA construct, indicates that the STING immune 

potentiator enhances KRAS-specific CD8 vaccine responses.   25 

 

Example 7:  Use of Immune Potentiator mRNA Construct in Combination with  

              Activating Oncogene KRAS Mutant Peptide mRNA Constructs 

In this example, mutant KRAS peptide mRNA constructs are used in combination 

with a separate constitutively active STING immune potentiator mRNA construct to enhance 30 

immune responses to the mutant KRAS peptides. 

The most frequently mutated oncogene in cancer is KRAS, which is mutated in 

roughly 30% of epithelial cancers, primarily lung, colorectal and pancreatic cancers 
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(Pylayeva-Gupta Y, et al., Nat Rev Cancer, Vol. 11(11): 761-774, 2011).  The 4 most 

prevalent KRAS mutant antigens in these three malignancies are G12D, G12V, G13D and 

G12C, which constitute 80-90% of the KRAS mutations (Prior et al. Cancer Res. 2012 May 

15; 72(10): 2457-2467; Cox AD et al, Nat Rev Drug Discov, Vol. 13(11): 828-851, 2011).  

KRAS mutations occur mostly in a couple of “hotspots” and activate the oncogene. Prior 5 

research has shown limited ability to raise T cells specific to the oncogenic mutation. 

However, much of this was done in the context of the most common HLA allele (A2, which 

occurs in ~50% of Caucasians).  More recently, it has been demonstrated that (a) specific T 

cells can be generated against point mutations in the context of less common HLA alleles 

(A11, C8), and (b) growing these cells ex-vivo and transferring them back to the patient has 10 

mediated a dramatic tumor response in a patient with lung cancer.  (N Engl J Med 2016; 

375:2255-2262December 8, 2016DOI: 10.1056/NEJMoa1609279). 

 KRAS mutations occur in approximately 40% of colorectal cancers. As shown in 

Table 5 below, in CRC (colorectal cancer), only 3 mutations (G12V, G12D, and G13D) 

account for 96% of KRAS mutations in this malignancy.  Furthermore, all CRC patients get 15 

typed for KRAS mutations as standard of care. 

 
  

Table 5 

COSMIC* case counts 

 All cancers % CRC % 

G12S 1849 1%   
G12V 9213 4% 5215 29% 
G12C 435 2%   
G12D 13634 7% 8083 44% 
G12A 2179 1%   
G12R 1244 1%   
G13D 5084 2% 4267 23% 
  18%  96% 
Tested 208629  18271  

*http://cancer.sanger.ac.uk/cosmic/gene/analysis?In=KRAS 20 

 

 In another COSMIC data set, 73.68% of KRAS mutations in colorectal cancer are 

accounted for by these 3 mutations (G12V, G12D, and G13D) (Table 6). 

 
Table 6   25 

 colon % rectal % total % 
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12D 635 35.04 178 33.46 813 34.68 
12V 364 20.09 124 23.31 488 20.82 
13D 338 18.65 88 16.54 426 18.17 

      73.68 
 

 Prior et al. investigated and summarized isoform-specific point mutation specificity 

for HRAS, KRAS and NRAS, respectively. Data representing total number of tumors with 

each point mutation were collated from COSMIC v52 release.  The most frequent mutations 

for each isoform for each cancer type are reported (see Table 2 of Prior et al.). In addition, 5 

secondary KRAS mutations have been identified in EGFR blockade resistant patients.  RAS 

is downstream of EGFR and it has been found to constitute a mechanism of resistance to 

EGFR blockade therapies.  EGFR blockade resistant KRAS mutant tumors can be targeted 

using compositions and methods disclosed herein.  In a few cases, more than one KRAS 

mutation was identified in the same patient (up to four different mutations co-occur).  Diaz et 10 

al. report these secondary KRAS mutations after acquisition of EGFR blockade (see 

Supplementary Table 2), and Misale et al. reports secondary KRAS mutations after EGFR 

blockade (see Figure 3b) (Diaz et al. The molecular evolution of acquired resistance to 

targeted EGFR blockade in colorectal cancers, Nature 486: 537 (2012); Misale et al. 

Emergence of KRAS mutations and acquired resistance to anti-EGFR therapy in colorectal 15 

cancer, Nature 486: 532 (2012)). This mutational spectrum appears to be at least somewhat 

different than primary tumor missense mutants in colorectal cancer.  As shown in FIG. 

10, NRAS is also mutated in colorectal cancer, but at a lower frequency than KRAS, based 

on analysis available in cBioPortal and Prior et al. 

 In addition to identification of KRAS mutations in colorectal cancer, such mutations 20 

have been found in non-small cell lung carcinoma and pancreatic cancer. Table 7 provides 

the frequencies of four KRAS mutations in these three cancers. 

 

Table 7 

KRAS 

Allele 

NSCLC1 

(30% mutant KRAS4) 

% Breakdown 

Colorectal2 

(45% mutant 

KRAS4) 

% Breakdown 

Pancreatic3 

(95% mutant KRAS4) 

% Breakdown 

G12C 46% 8% 2% 

G12V 20% 22% 30% 
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G12D 11% 36% 51% 

G13D 3% 19% <1% 

total 80% 85% 83% 
1Mellema et al. Comparison of clinical outcome after first-line platinum-based chemotherapy 
in different types of KRAS mutated advanced NSCLC, Lung Cancer 90:2 (2015)  (Table 1) 
2Neumann et al, Frequency and type of KRAS mutations in routine diagnostic analysis of 
metastatic colorectal cancer, Pathology Research and Practice 205 (2009) (Figure 1) 
3Kirsten L. Bryant, Joseph D. Mancias, Alec C. Kimmelman, Channing J. Der, KRAS: 5 

feeding pancreatic cancer proliferation, In Trends in Biochemical Sciences, 39:2, 2014 
(Figure 2)  
4Adrienne D. Cox et al., Drugging the undruggable RAS: Mission Possible?, Nature Reviews 
Drug Discovery 13, 828–851 (2014) (Table 1) 

 10 

 In this example, animals are administered an immunomodulatory therapeutic 

composition that includes an mRNA encoding at least one activating oncogene mutation 

peptide, e.g., at least one activating KRAS mutation, alone or in combination with an immune 

potentiator mRNA construct, e.g. a constitutively active STING mRNA construct, e.g., 

encoding a sequence as shown in any of SEQ ID NOs: 1-10, such as for example a mRNA 15 

construct encoding a constitutively active human STING protein comprising a V155M 

mutation, having the amino acid sequence shown in SEQ ID NO: 1 and encoded the 

nucleotide sequence shown in SEQ ID NO: 139. 

 Exemplary KRAS mutant peptide sequences and mRNA constructs are shown in 

Tables 8-10. 20 

 
Table 8: KRAS mutant peptide sequences 

 9 AA sequence 15mer 25mer 

G12D 

VVGADGVGK 
(SEQ ID NO:121) 

MKLVVVGADGVGKSAL 
(SEQ ID NO:36) 

MTEYKLVVVGADGVGKSALTIQLIQ 
(SEQ ID NO:39) 

G12V 

VVGAVGVGK 
(SEQ ID NO:122) 

MKLVVVGAVGVGKSAL 
(SEQ ID NO:37) 

MTEYKLVVVGAVGVGKSALTIQLIQ 
(SEQ ID NO:40) 

G13D 

VGAGDVGKS 
(SEQ ID NO:123) 

MLVVVGAGDVGKSALT 
(SEQ ID NO:38) 

MTEYKLVVVGAGDVGKSALTIQLIQ 
(SEQ ID NO:41) 

G12C 

VVGACGVGK 
(SEQ ID NO:124) 

MKLVVVGACGVGKSA 
(SEQ ID NO:125) 

MTEYKLVVVGACGVGKSALTIQLIQ 
(SEQ ID NO:72) 

WT   

MTEYKLVVVGAGGVGKSALTIQLIQ 
(SEQ ID NO:74) 

 

  Table 9: KRAS mutant amino acid sequences 

KRAS 

MUTANT AMINO ACID SEQUENCE 

KRAS(G12D)15mer MKLVVVGADGVGKSAL (SEQ ID NO:36) 
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KRAS(G12V)15mer MKLVVVGAVGVGKSAL (SEQ ID NO:37) 

KRAS(G13D)15mer MLVVVGAGDVGKSALT (SEQ ID NO:38) 

KRAS(G12D)25mer MTEYKLVVVGADGVGKSALTIQLIQ (SEQ ID NO:39) 

KRAS(G12V)25mer MTEYKLVVVGAVGVGKSALTIQLIQ (SEQ ID NO:40) 

KRAS(G13D)25mer MTEYKLVVVGAGDVGKSALTIQLIQ (SEQ ID NO:41) 
KRAS(G12D)15mer^
3 

MKLVVVGADGVGKSALKLVVVGADGVGKSALKLVVVGADGV
GKSAL (SEQ ID NO:42) 

KRAS(G12V)15mer^
3 

MKLVVVGAVGVGKSALKLVVVGAVGVGKSALKLVVVGAVGV
GKSAL (SEQ ID NO:43) 

KRAS(G13D)15mer^
3 

MLVVVGAGDVGKSALTLVVVGAGDVGKSALTLVVVGAGDVG
KSALT (SEQ ID NO:44) 

KRAS(G12D)25mer^
3 

MTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGADGVGKS
ALTIQLIQMTEYKLVVVGADGVGKSALTIQLIQ (SEQ ID NO:45) 

KRAS(G12V)25mer^
3 

MTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAVGVGKS
ALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQ (SEQ ID NO:46) 

KRAS(G13D)25mer^
3 

MTEYKLVVVGAGDVGKSALTIQLIQMTEYKLVVVGAGDVGKS
ALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQ (SEQ ID NO:47) 

KRAS(G12C)25mer MTEYKLVVVGACGVGKSALTIQLIQ (SEQ ID NO:72) 
KRAS(G12C)25mer^
3 

MTEYKLVVVGACGVGKSALTIQLIQMTEYKLVVVGACGVGKS
ALTIQLIQMTEYKLVVVGACGVGKSALTIQLIQ (SEQ ID NO:73) 

KRAS(WT)25mer MTEYKLVVVGAGGVGKSALTIQLIQ (SEQ ID NO:74) 
 

Table 10:  KRAS mutant antigen mRNA sequences 

mRNA 

Name 

Orf Sequence (Amino 

Acid) 

Orf Sequence (Nucleotide) 

KRAS 
(G12D) 
25mer 

MTEYKLVVVGADG
VGKSALTIQLIQ 
(SEQ ID NO: 39) 

ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCC
GACGGCGTGGGCAAGAGCGCCCTGACCATCCAG
CTGATCCAG (SEQ ID NO:126) 

KRAS 
(G12V) 
25mer 

MTEYKLVVVGAVG
VGKSALTIQLIQ 
(SEQ ID NO: 40) 

ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCC
GTGGGCGTGGGCAAGAGCGCCCTGACCATCCAG
CTGATCCAG (SEQ ID NO:127) 

KRAS 
(G13D) 
25mer 

MTEYKLVVVGAGD
VGKSALTIQLIQ 
(SEQ ID NO: 41) 

ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCC
GGCGACGTGGGCAAGAGCGCCCTGACCATCCAG
CTGATCCAG (SEQ ID NO:128) 

KRAS 
(G12D) 
25mer^3 

MTEYKLVVVGADG
VGKSALTIQLIQMT
EYKLVVVGADGVG
KSALTIQLIQMTEY
KLVVVGADGVGKS
ALTIQLIQ  (SEQ ID 
NO: 45) 

ATGACCGAGTACAAGTTAGTGGTTGTGGGCGCC
GACGGCGTGGGCAAGAGCGCCCTCACCATCCAG
CTTATCCAGATGACGGAATATAAGTTAGTAGTAG
TGGGAGCCGACGGTGTCGGCAAGTCCGCTTTGA
CCATTCAACTTATTCAGATGACAGAGTATAAGCT
GGTCGTTGTAGGCGCAGACGGCGTTGGAAAGTC
GGCACTGACGATCCAGTTGATCCAG (SEQ ID 
NO:129) 

KRAS 
(G12V) 
25mer^3 

MTEYKLVVVGAVG
VGKSALTIQLIQMT
EYKLVVVGAVGVG
KSALTIQLIQMTEY
KLVVVGAVGVGKS
ALTIQLIQ (SEQ ID 
NO: 46) 

ATGACCGAGTACAAGCTCGTCGTGGTGGGCGCC
GTGGGCGTGGGCAAGAGCGCCCTAACCATCCAG
TTGATCCAGATGACCGAATATAAGCTCGTGGTAG
TCGGAGCGGTGGGCGTTGGCAAGTCAGCGCTAA
CAATACAACTAATCCAAATGACCGAATACAAGC
TAGTTGTAGTCGGTGCCGTCGGCGTTGGAAAGTC
AGCCCTTACAATTCAGCTCATTCAG (SEQ ID 
NO:130) 
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KRAS 
(G13D) 
25mer^3 

MTEYKLVVVGAGD
VGKSALTIQLIQMT
EYKLVVVGAGDVG
KSALTIQLIQMTEY
KLVVVGAGDVGKS
ALTIQLIQ (SEQ ID 
NO: 47) 

ATGACCGAGTACAAGCTCGTAGTGGTTGGCGCC
GGCGACGTGGGCAAGAGCGCCCTAACCATCCAG
CTCATCCAGATGACAGAATATAAGCTTGTGGTTG
TGGGAGCAGGAGACGTGGGAAAGAGTGCGTTGA
CGATTCAACTCATACAGATGACCGAATACAAGTT
GGTGGTGGTCGGCGCAGGTGACGTTGGTAAGTC
TGCACTAACTATACAACTGATCCAG (SEQ ID 
NO:190) 

KRAS 
(G12C) 
25mer 

MTEYKLVVVGACG
VGKSALTIQLIQ 
(SEQ ID NO: 72) 

ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCC
TGCGGCGTGGGCAAGAGCGCCCTGACCATCCAG
CTGATCCAG (SEQ ID NO:132) 

KRAS 
(G12C) 
25mer^3 

MTEYKLVVVGACG
VGKSALTIQLIQMT
EYKLVVVGACGVG
KSALTIQLIQMTEY
KLVVVGACGVGKS
ALTIQLIQ (SEQ ID 
NO: 73) 

ATGACCGAGTACAAGCTCGTGGTTGTTGGCGCCT
GCGGCGTGGGCAAGAGCGCCCTCACCATCCAGC
TCATCCAGATGACAGAGTATAAGTTAGTCGTTGT
CGGAGCTTGCGGAGTTGGAAAGTCGGCGCTCAC
CATTCAACTCATACAAATGACAGAATATAAGTTA
GTGGTGGTGGGTGCGTGTGGCGTTGGCAAGAGT
GCGCTTACTATCCAGCTCATTCAG (SEQ ID 
NO:184) 

KRAS 
(WT) 
25mer 

MTEYKLVVVGAGG
VGKSALTIQLIQ 
(SEQ ID NO: 74) 

ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCC
GGCGGCGTGGGCAAGAGCGCCCTGACCATCCAG
CTGATCCAG (SEQ ID NO:133) 

 
Chemistry: uridines modified N1-methyl pseudouridine (m1Ψ) 
Cap: C1 
Tail: T100 
 5 

5’ UTR Sequence (standard 5' Flank (includes Production FP + T7 site + 5'UTR)): 

TCAAGCTTTTGGACCCTCGTACAGAAGCTAATACGACTCACTATAGGGAAATAAGAGAGAAAAGAAGAGTAA

GAAGAAATATAAGAGCCACC (SEQ ID NO: 21) 

 

5’ UTR Sequence (No Promoter): 10 

GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGAGCCACC  

(SEQ ID NO: 134) 

 

3’ UTR Sequence (Human 3' UTR no XbaI): 

TGATAATAGGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCT15 

GCACCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGC (SEQ ID NO: 22) 

 

 In a first study to examine the effect of a STING immune potentiator mRNA construct 

on KRAS antigen responses in vivo, HLA-A*2:01 Tg mice (Taconic, strain 9659F, n=4) are 

administered mRNA encoding various forms of mutated KRAS peptide antigens as follows: 20 

mRNA encoding mutated KRAS (alone or in combination with STING) administered on day 

1, bleed taken on day 8, mRNA encoding mutated KRAS (alone or in combination with 

STING) administered on day 15, animal sacrificed on day 22.  The test groups are shown in 

Table 11 as follows: 
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Table 11 

TEST group Group 
Test/Control 

Material 
Immune 

Potentiator 
Vehicle Route 

Dosing  

Regimen 

KRAS-MUT 

1 KRAS G12D None (NTFIX) Compound 25 IM Day 1, 15 

2 KRAS G12V None (NTFIX) Compound 25 IM Day 1, 15 

3 KRAS G13D None (NTFIX) Compound 25 IM Day 1, 15 

4 KRAS G12C None (NTFIX) Compound 25 IM Day 1, 15 

KRAS-MUT+ 
STING 

5 KRAS G12D 
STING 
(V155M) 

Compound 25 IM Day 1, 15 

6 KRAS G12V 
STING 
(V155M) 

Compound 25 IM Day 1, 15 

7 KRAS G13D 
STING 
(V155M) 

Compound 25 IM Day 1, 15 

8 KRAS G12C 
STING 
(V155M) 

Compound 25 IM Day 1, 15 

No Ag 9 NTFIX NTFIX Compound 25 IM Day 1, 15 

STING Only 10 NTFIX 
STING 
V155M) 

Compound 25 IM Day 1, 15 

 

 mRNA is administered to animals at a dose of 0.5 mg/kg (10ug per 20-g animal).  The 5 

KRAS and STING constructs are administered at a 1:1 ratio.  Ex vivo restimulation (2ug/ml 

per peptide) is tested for 4 hours at 37 degrees Celsius in the presence of GolgiPlug 

(Brefeldin A).  Intracellular cytokine staining (ICS) is tested for KRAS G12D, KRAS G12V, 

KRAS G13D, KRAS WT, and no peptide. 

 mRNA encoding KRAS mutations, alone or in combination with mRNA encoding 10 

constitutively active STING, is tested for the ability to generate T cells.  Efficacy of mRNA 

encoding KRAS mutations is compared, for example, to peptide vaccination.  The effect of 

the STING immune potentiator is determined by comparing treatment with the KRAS mutant 

peptides alone versus in combination with the STING immune potentiator.  For example, 

CD8 vaccine responses can be assessed by intracellular staining (ICS) for IFN-γ and/or TNF-15 

α as described herein. Enhanced ICS responses for IFN-γ and/or TNF-α in mice treated with 

the KRAS mutant peptide vaccine in combination with the STING immune potentiator 

mRNA construct, as compared to treatment with the KRAS mutant peptide vaccine mRNA 

construct alone, indicates that the STING immune potentiator enhances KRAS-specific CD8 

vaccine responses.   20 
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 In a second study to examine the effect of the STING immune potentiator mRNA 

construct on immune responses to various different forms of the mutant KRAS peptide 

antigen mRNA constructs, HLA*A*11:01 Tg mice (Taconic, strain 9660F, n=4) are 

administered mRNA encoding various different forms of mutated KRAS peptide antigen 

mRNA constructs in combination with a STING immune potentiator mRNA construct as 5 

follows: mRNA encoding mutated KRAS in combination with STING administered on day 1, 

bleed taken on day 8, mRNA encoding mutated KRAS in combination with STING 

administered on day 15, animal sacrificed on day 22.   

 The types of mutated KRAS constructs tested were as follows:  (i) mRNA encoding a 

single mutant KRAS 25mer peptide antigen containing either the G12D, G12V, G13D or 10 

G12C mutation (“singlet”); (ii) mRNA encoding a concatemer of three 25mer peptide 

antigens (thus creating a 75mer), one of each containing the G12D, G12V and G13D 

mutations (“KRAS-3MUT”); (iii)  mRNA encoding a concatemer of four 25mer peptide 

antigens (thus creating a 100mer), one of each containing the G12D, G12V, G13D and G12C 

mutations (“KRAS-4MUT”); or (iv) four separate mRNAs coadministered together, each 15 

encoding a single mutant KRAS 25mer peptide antigen containing either the G12D, G12V, 

G13D or G12C mutation (“Single x 4”).  

 The amino acid and nucleotide sequences of the G12D 25mer are shown in SEQ ID 

NOs: 39 and 126, respectively.  The amino acid and nucleotide sequences of the G12V 25mer 

are shown in SEQ ID NOs: 40 and 127, respectively.  The amino acid and nucleotide 20 

sequences of the G13D 25mer are shown in SEQ ID NOs: 41 and 128, respectively.  The 

amino acid and nucleotide sequences of the G12C 25mer are shown in SEQ ID NOs: 72 and 

132 respectively.  The amino acid and nucleotide sequences of the KRAS-3MUT 75mer are 

shown in SEQ ID NOs: 135 and 136, respectively.  The amino acid and nucleotide sequences 

of the KRAS-4MUT 100mer are shown in SEQ ID NOs: 137 and 138, respectively.  25 

 The test groups are shown in Table 12 as follows: 

 
Table 12 

TEST group Group 
Test/Control 

Material 
Immune 

Potentiator 
Vehicle Route 

Dosing 

Regimen 

KRAS-MUT 
Singlet 

1 KRAS G12D STING (V155M) Compound 25 IM Day 1, 15 

2 KRAS G12V STING (V155M) Compound 25 IM Day 1, 15 

3 KRAS G13D STING (V155M) Compound 25 IM Day 1, 15 
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4 KRAS G12C STING (V155M) Compound 25 IM Day 1, 15 

KRAS-MUT 
Concatemer 

5 KRAS-3MUT STING (V155M) Compound 25 IM Day 1, 15 

6 KRAS-4MUT STING (V155M) Compound 25 IM Day 1, 15 

Single X 4 7 
G12D+G12V+ 
G12C+G13D 

STING (V155M) Compound 25 IM Day 1, 15 

STING Only 8 NTFIX STING (V155M) Compound 25 IM Day 1, 15 

 

mRNA is administered to animals at a dose of 0.5 mg/kg (10ug per 20-g animal).  The 

KRAS and STING constructs are administered at a 5:1 ratio.  Ex vivo restimulation (2ug/ml 

per peptide) is carried out for 5 hours at 37 degrees Celsius in the presence of GolgiPlug 

(Brefeldin A).  Intracellular cytokine staining (ICS) is tested for KRAS G12D, KRAS G12V, 5 

KRAS G13D, G12C, KRAS WT, and no peptide. 

The ability of the various mRNAs encoding KRAS mutations in combination with 

mRNA encoding constitutively active STING to generate T cell responses is tested to allow 

for comparison of the effect of the STING immune potentiator on the various different KRAS 

constructs.  For example, CD8 vaccine responses can be assessed by intracellular staining 10 

(ICS) for IFN-γ and/or TNF-α as described herein. 

 

Example 8:  Immune Potentiator mRNAs Enhance HPV Vaccine Responses 

 In this example, the potency and durability of responses to a human papillomavirus 

(HPV) E6/E7 mRNA-based vaccine used in combination with STING, IRF3 or IRF7 immune 15 

potentiators were examined.  A specific immune response to human papillomavirus (HPV) in 

the cervical microenvironment is known to play a key role in eradicating infection and 

eliminating mutated cells.  However, high-risk HPVs are known to modulate immune cells to 

create an immunosuppressive microenvironment (see e.g., Prata, T.T. et al. (2015) 

Immunology 146:113-121).  Thus, an HPV vaccination approach that leads to a robust and 20 

durable immune response is highly desireable.   

 The HPV vaccines used in this example were mRNA constructs encoding either 

intracellular or soluble forms of HPV 16 antigens E6 and E7, referred to herein as iE6/E7 and 

sE6/E7, respectively.  To create the soluble format, a signal peptide required for secretion 

was fused to the N-terminal of the antigen.  The sequence of the signal peptide was derived 25 

from the Ig kappa chain V-III region HAH.  Mice were immunized intramuscularly with 

either the iE6/E7 or sE6/E7 mRNA vaccine (at a dose of 0.25 mg/kg) on days 0 and 14, 

combination with either a control mRNA contruct (NTFIX), or a STING, IRF3 or IRF7 
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immune potentiator mRNA construct (at a dose of 0.25 mg/kg).  The constitutively active 

STING immune potentiator contained a V155M mutation (mouse version corresponding to 

SEQ ID NO: 1).  The constitutively active IRF3 immune potentiator contained a S396D 

mutation (corresponding to SEQ ID NO: 12).  The constitutively active IRF7 immune 

potentiator contained an internal deletion and six point mutations (mouse version 5 

corresponding to SEQ ID NO: 18).  The HPV vaccine construct and the immune potentiator 

construct were coformulated in MC3 lipid nanoparticles.   

 At day 21 and 53, spleen cells and peripheral blood mononuclear cells (PBMC) from 

mice in each test group were restimulated ex vivo for 4 hours at 37 degrees C in the presence 

of GolgiPlug™ (containing Brefeldin A; BD Biosciences) with either: an E6 peptide pool 10 

(containing 37 E6 peptides, the sequences of which are shown in SEQ ID NOs: 36-72), an E7 

peptide pool (containing 22 E7 peptides, the sequences of which are shown in SEQ ID NOs: 

73-94), E6 single peptides (8 individual peptides), E7 single peptides (7 individual peptides) 

or no peptides (control).  CD8 vaccine responses were assessed by intracellular staining (ICS) 

for IFN-γ or TNF-α.   15 

 Representative ICS results for E7-specific responses by day 21 spleen cells for IFN-γ 

and TNF-α are shown in FIG. 11A (IFN-γ) and FIG. 11B (TNF-α).  Representative ICS 

results for E6-specific responses by day 21 spleen cells for IFN-γ and TNF-α are shown in 

FIG. 12A (IFN-γ) and FIG. 12B (TNF-α).  The results in FIGs. 11A-11B and 12A-12B 

demonstrate that CD8 vaccine responses (to both the intracellular and soluble antigen format) 20 

were greatly enhanced when the STING, IRF3 or IRF7 immune potentiators were co-

formulated with the vaccine, with the E7 epitope being stronger and less variable than the E6 

epitope and with the soluble form of antigen being stronger than the intracellular form of 

antigen.  This enhanced CD8 vaccine responses by the immune potentiators was shown to be 

durable, as evidenced by the representative day 21 versus day 53 E7-specific spleen cell IFN-25 

γ ICS data shown in FIGs. 13A and 13B, respectively.  Similar results to the spleen cell data 

were observed for the PBMC experiments (data not shown).  

 The percentage of CD8b+ cells among the live CD45+ cells was also examined.  The 

results for day 21 versus day 53 spleen cells are shown in FIGs. 14A and 14B, respectively.  

The results demonstrate that the immune potentiators (in particular the STING construct) 30 

expand the total CD8b+ population on day 21 but not day 53. 

 The ability of the immune potentiator constructs to enhance the CD8 vaccine response 

was further confirmed by E7-MHC1-tetramer staining.  Representative results for day 21 
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versus day 53 spleen cells are shown in FIGs. 15A and 15B, respectively.  The E7-MHC-1-

tetramer staining results were consistent with the ICS results discussed above, although they 

were more variable.  As demonstrated in FIGs. 16A-16D, the majority of the tetramer 

positive CD8 cells were found to have an “effector memory” CD62Llo phenotype. 

Comparison of day 21 versus day 53 E7-tetramer+ CD8 cells demonstrated that this “effector-5 

memory” CD62Llo phenotype was maintained throughout the study.  Additional staining 

experiments demonstrated that the immune potentiators slightly reduced the % of total 

Foxp3+ Treg CD4 Tcells (data not shown) and did not change the % of CD138+ plasmablasts 

(data not shown).  

 10 

Example 9:  Prophylactic or Therapeutic Vaccination with HPV Vaccine in 

            Combination with STING Immune Potentiator Inhibits Tumor Growth  

In this example, mice were treated with an HPV vaccine in combination with a 

STING immune potentiator either prior to, at the same time as, or after challenge with TC1 

tumor cells.  TC-1 is an HPV16 E7-expressing murine tumor model known in the art (see 15 

e.g., Bartkowiak et al. (2015) Proc. Natl. Acad. Sci. USA 112:E5290-5299).  The HPV 

vaccines used in this example were mRNA constructs encoding either intracellular or soluble 

forms of HPV 16 antigens E6 and E7, referred to herein as iE6/E7 and sE6/E7, respectively, 

as described in Example 8.  The constitutively active STING immune potentiator used in this 

example contained a V155M mutation, as described in Example 8.  The HPV vaccine 20 

construct and the immune potentiator construct were coformulated in MC3 lipid 

nanoparticles.  Certain mice were also treated with an immune checkpoint inhibitor (either 

anti-CTLA-4 or anti-PD-1). 

 In a first set of experiments examining the prophylactic activity of the HPV + STING 

vaccination, C57/B6 mice were treated by intramuscular injection with 0.5 mg/kg of the HPV 25 

+ STING vaccine (encoding either sE6/E7 or iE6/E7) on either (i) days -7 and -14, or (ii) 

days 1 and 8, followed by subcutaneous injection of 2 x 105 TC1 cells on day 1.  Certain mice 

were also treated on days 6, 9 and 12 with either anti-CTLA-4 or anti-PD-1.  Representative 

results, reported as tumor volume over time, are shown in the graphs of FIGs. 17A-17C, 

wherein FIGs. 17A and 17B show data for mice treated on days -14 and -7 with either 30 

sE6/E7 (FIG. 17A) or iE6/E7 (FIG. 17B) and FIG. 17C shows data for mice treated on days 

1 and 8 with sE6/E7.  The results demonstrate that all of the mice treated with the HPV + 
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STING vaccine (alone or in combination with immune checkpoint inhibitors) showed 

complete inhibition of tumor growth over several weeks, as compared to the control mice 

(treated with the control mRNA construct NTFIX, alone or in combination with an immune 

checkpoint inhibitor).  Thus, these experiments demonstrate that prophylactic vaccination 

(i.e., prior to or at the same time as tumor challenge) with the HPV vaccine together with the 5 

STING immune potentiator is effective in preventing growth of HPV-expressing tumor cells 

in vivo.   

 In a second set of experiments examining the therapeutic activity of the HPV + 

STING vaccination, C57/B6 mice were administered 2 x 105 TC1 cells subcutaneously on 

day 1, followed by treatment by intramuscular injection with 0.5 mg/kg of the HPV + STING 10 

vaccine (encoding sE6/E7) on days 8 and 15.  Certain mice were also treated on days 13, 16 

and 19 with either anti-CTLA-4 or anti-PD-1.  Representative results, reported as tumor 

volume over time, are shown in the graphs of FIGs. 18A-18I.  The results demonstrate that 

the mice treated with the HPV + STING vaccine (alone or in combination with immune 

checkpoint inhibitors) showed tumor regression (FIGs. 18A-18C), as compared to the control 15 

mice treated with the control mRNA construct NTFIX, alone or in combination with an 

immune checkpoint inhibitor (FIGs. 18D-18F) or the control mice treated with the sE6/E7 

construct in combination with the control DMXAA construct, alone or in combination with 

an immune checkpoint inhibitor (FIGs.. 18G-18I).  Thus, these experiments demonstrate that 

therapeutic vaccination (i.e., subsequent to tumor challenge) with the HPV vaccine together 20 

with the STING immune potentiator is effective in inducing regression of HPV-expressing 

tumors in vivo.   
 

 

Example 10.  Determining Optimal Antigen:Immune Potentiator Mass Ratio  25 

       in mRNA Vaccine Design 

 In this example, studies were performed in animals treated with an antigen of interest 

in combination with an immune potentiator at different Ag:Immune Potentiator ratios, 

followed by examination of T cell responses to the antigen, to determine optimal Ag:Immune 

Potentiator ratios in enhancing the immune response to the antigen of interest. 30 

 In a first set of experiments, mice were treated with an MC38 vaccine encoding an 

ADR concatemer of three 25mer mutant peptides containing tumor neoepitopes derived from 

Adpgk, Dpagt1, and Reps1 (this vaccine is also referred to herein as ADRvax), as described 
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in Example 5, in combination with a constitutively active STING immune potentiator 

construct.  The constitutively active STING immune potentiator used in this example 

contained a V155M mutation, as described in Example 1.  The ADRvax and STING 

constructs were coformulated in a lipid nanoparticle (comprising Compound 25 (Cmp25)) at 

varying Ag:STING ratios, according to the study design summarized below in Table 13.  5 

 

Table 13 

Group 
Ag:STING 

ratio 

Ag dose 

(µg) 

STING 

dose 

(µg) 

NTFIX 

(µg) 

Total 

mRNA 

(µg) 

Vehicle Route 
Dosing  

Regimen 

1 
No Ag 

control 
0 3 3 

6 

Cmp25 IM 
Day 1, 

15 

2 1:1 

3 

3 0 

3 5:1 0.6 2.4 

4 10:1 0.3 2.7 

5 20:1 0.15 2.85 

6 
1:0 (No 
STING) 

0 3 

7 1:1 
5 

5 0 
10 

8 
1: 0 (No 
STING) 

0 5 

 

 Mice were dosed intramuscularly on days 1 and 15.  At day 21, CD8+ spleen cells 

from mice in each test group were restimulated ex vivo for 4 hours at 37 degrees C in the 10 

presence of GolgiPlug™ (containing Brefeldin A; BD Biosciences) with either wild-type or 

mutant MC38 ADR peptides (1 µg/ml per peptide, pooled) and CD8 vaccine responses were 

assessed by intracellular staining (ICS) for IFN-γ or TNF-α.  Representative ICS results for 

MC38 ADR-specific responses by day 21 CD8+spleen cells for IFN-γ are shown in FIG. 19 

and for TNF-α are shown in FIG. 20.  Additionally, CD8 vaccine responses to each of the 15 

three individual epitopes within ADRvax (i.e., peptides Adpk1, Reps1 and Dpagt1) were also 

assessed by ICS for IFN-γ following stimulation with the individual epitopes.  The results are 

shown in FIG. 21A (for peptide Adpk1), FIG. 21B (for peptide Reps1) and FIG. 21C (for 

peptide Dpagt1).   

 The results demonstrate that all Ag:STING ratios tested (ranging from 1:1 to 20:1) 20 

showed an adjuvant effect of STING as compared to control.  For the ADRvax antigen as a 

whole, the optimal Ag:STING ratio was found to be 5:1.  For the individual peptide epitopes 
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within ADRvax, the optimal Ag:STING ratio for the Adpgk1 peptide was 5:1, whereas the 

optimal Ag:STING ratio for the Reps1 peptide was 10:1 (the responses to the third peptide, 

Dpagt1, were very low with or without STING, consistent with it being a non-dominant 

epitope as was known in the art).  STING was also found to increase the total percentage of 

CD8+ cells among CD45+ T cells, with dose responses observed (data not shown) and was 5 

found to increase the total percentage of CD62L cells among CD44hi CD8+ cells 

(effector/memory subset), with dose responses observed (data not shown).  Furthermore, 

results obtained from PBMC cells were consistent with the spleen cell results (data not 

shown).  Thus, these experiments confirmed the ability of STING to act as an immune 

potentiator in enhancing immune responses against the ADRvax antigen and, moreover, 10 

demonstrated the determination of an optimal Ag:Immune Potentiator ratio for treatment, 

with ratios other than 1:1 being found to be most optimal (e.g., ratios of 5:1 or 10:1 being 

more effective than 1:1).  The results further indicate that the optimal Ag:Immune Potentiator 

ratio may differ depending on the particular antigen of interest used.  

 In a second set of experiments, non-human primates were treated with an HPV 15 

vaccine encoding intracellular E6/E7 (iE6/E7), as described in Example 8, in combination 

with the constitutively active STING immune potentiator construct at varying Ag:STING 

ratios (lipid nanoparticles comprising Compound 25), according to the study design 

summarized below in Table 14: 

 20 

Table 14 

 

Group 

 

Treatment 

Ag:STING 

Ratio 
µg 

Ag 

µg 

STING 

µg 

NTFIX 

 

n 

Total 

Ag Dose 

1 STING only - - 100 -  

 

3 

 

 

100 µg 

2 Ag:STING 1:1 50 50 - 

3 Ag:STING 5:1 83.33 16.67 - 

4 Ag:STING 10:1 90.9 9.09  

5 Ag only - 90 - 10 

 

No clinical findings were observed 24 hours after the first dose (administered 

intramuscularly), indicating no injection site reactions and that the initial treatment was 

received safely.  After an initial dosing on Day 1, animals have a two week recover period 25 

and then are given a second dose at day 14, followed by another two week recovery period.  

Further safety analysis is determined by clinical pathology (clinical chemistry, hematology 
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and coagulation) at days 2, 16 and 30.  Anti-antibody and ELISpot analysis or ICS for IFN-γ 

for CD4 and CD8 cells are performed to assess enhancement of immune responses to the 

HPV vaccine by STING at the varying ratios tested. 

 In a third set of experiments, a model concatemeric antigen using known murine 

epitopes was tested in mice in combination with the constitutively active STING immune 5 

potentiator at varying ratios.  The concatemeric antigen, referred to herein as CA-132, 

comprises 20 known murine epitopes thought to be presented on MHC Class I and Class II 

antigens of the CB6 mouse.  These epitopes were sourced from the IEDB.org website, a 

public database of epitopes sourced from the literature.  Class I epitopes are expected to be 

presented on MHC Class I molecules and trigger a CD8+ response, while Class II epitopes 10 

are expected to be presented on MHC Class II molecules and trigger CD4+ T cell responses.  

The CA-132 antigen construct encodes both Class I and Class II epitopes, allowing for 

assessment of both CD4 and CD8 T cell responses. Moreover, it is believed that inclusion of 

Class II epitopes in the concatemeric antigen (thus triggering a CD4 response) helps induce a 

stronger CD8 T cell response.  Thus, the approach to the design of the CA-132 antigen can 15 

also be used in the design of other concatemeric antigen constructs. 

 The CA-132 antigen construct and STING immune potentiator construct were 

coformulated in lipid nanoparticles comprising Compound 25 and administered 

intramuscularly to CB6 mice at the following dosages:  CA-132 alone at 1 µg, 3 µg or 10 µg, 

STING alone at 3 µg, CA-132 + STING at either 3 µg each or 1 µg each (1:1 ratio), CA-132 20 

at 3 µg and STING at 1 µg (Ag:STING ratio of 3:1) or CA-132 at 1 µg and STING at 3 µg 

(Ag:STING ratio of 1:3).  Antigen-specific T cell responses to the Class I epitopes within the 

CA-132 antigen construct were examined by ELISpot analysis for IFN-γ, the results of which 

are shown in FIG. 22.  The results demonstrated an increase in IFN-γ responses to the Class I 

epitopes when formulated with STING. 25 

 In a fourth series of experiments, the HPV vaccine model described in Example 8 was 

used to study the effect of varying ratios of E6/E7 antigen to constitutively active STING 

immune potentiator.  Mice were immunized intramuscularly with the iE6/E7 mRNA vaccine 

(3 µg or 5 µg) in combination with the V155M constitutively active STING immune 

potentiator mRNA construct at Ag:STING ratios of 1:1, 5:1, 10:1, 20:1 or 0.4:1.  The HPV 30 

vaccine construct and the immune potentiator construct were coformulated in MC3 lipid 

nanoparticles.  HPV vaccine or STING in combination with only a control mRNA (NTFIX) 

were used as controls.  
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 At day 21, spleen cells from mice in each test group were restimulated ex vivo for 4 

hours at 37 degrees C in the presence of GolgiPlug™ (containing Brefeldin A; BD 

Biosciences) with an E7 peptide pool (described in Example 8).  CD8 vaccine responses were 

assessed by intracellular staining (ICS) for IFN-γ.  The results are shown in FIG. 23A.  The 

results demonstrate that STING enhanced the antigen-specific T cell responses at all 5 

Ag:STING ratios tested.  The largest enhancement was observed for the mice treated with the 

higher dose of antigen (5 µg) at a 1:1 ratio with STING and for the mice treated at an 

Ag:STING ratio of 0.4:1 (3 µg Ag to 7 µg STING).   

 The ability of STING to enhance the CD8 vaccine response in the HPV model at 

various Ag: STING ratios tested was further confirmed by H2-Kb/E7 peptide-tetramer 10 

staining.  Representative results for day 21 spleen cells are shown in FIG. 23B.  The E7-

MHC-1-tetramer staining results were consistent with the ICS results discussed above, 

although they were more variable.   

 In summary, these studies confirmed the ability of the STING immune potentiator 

construct to enhance immune responses to an antigen of interest and demonstrated the 15 

determination of optimal Ag:STING ratios for treatment.  

 

Example 11:  Immune Potentiation by STING in Non-Human Primates 

 In this example, non-human primates (cynomolgus monkeys) were treated with 

mRNAs encoding an HPV vaccine in combination with a STING immune potentiator, 20 

followed by assessment of antigen-specific T cell and antibody responses.  The HPV vaccine 

construct used in this example is described in Example 8.  The constitutively active STING 

immune potentiator construct used in this example contained a V155M mutation, as 

described in Example 8.  The HPV vaccine construct and the immune potentiator mRNA 

constructs were coformulated in lipid nanoparticles comprising: Compound 25 

25:Cholesterol:DSPC:PEG-DMG, at ratios of 50:38.5:10:1.5, respectively.  Different ratios 

of STING:Ag were tested.  Control animals were treated with mRNAs encoding either the 

HPV antigens alone or the STING immune potentiator alone. 

 Fifteen male cynomolgus monkeys, 2-5 years old and weighing 2-5 kg, were treated 

according to the study design shown below in Table 15: 30 

 

Table 15 
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Group Desc. Ratio Total 

mRNA (µg) 

NTFIX STING 

(µg) 

HPV Ag 

(µg) 

n 

1 Ag only  100 10  90 3 

2 STING only  100  100 0 3 

3 STING:Ag 1:1 100  50 50 3 

4 STING:Ag 1:5 100  17 83 3 

5 STING:Ag 1:10 100  9 91 3 

 

 A pre-dose sample of PBMCs were collected on day -4, followed by treatment of the 

animals intramuscularly with the mRNA LNPs on day 1 and day 15.  A post-dose sample of 

PBMCs was collected on day 29.  No toxicity or other major clinical observations were noted 

during the study, indicating the mRNA LNPs were well-tolerated. 5 

 To examine the ability of the STING immune potentiator to enhance antigen-specific 

CD8+ T cell responses, intracellular cytokine staining (ICS) for TNFα and IL-2 was 

conducted.  PBMCs were stimulated ex vivo with the HPV16 E6 peptide pool or the HPV16 

E7 peptide pool for 6 hours at 37° C.  Stimulation with PMA/ionomycin was used as a 

positive control and stimulation with medium alone was used as a negative control.  10 

 Representative results for ICS for TNFα are shown in FIGs. 24A-24C, wherein FIG. 

24A shows results for ex vivo stimulation with the E6 peptide pool, FIG. 24B shows the 

results for ex vivo stimulation with the E7 peptide pool and FIG. 24C shows the results for 

ex vivo stimulation with the medium control.  No increase in TNFα+ CD8 T cell frequency 

was observed between the pre- and post-dose group immunized with antigen alone (Group 1).  15 

Immunization with STING treatment alone (Group 2) had a marginal effect on TNFα+ CD8 

T cell frequency.  In contrast, groups immunized with STING + Ag (Groups 3, 4, 5) showed 

a significant increase in antigen-specific TNFα+ CD8 T cells. Furthermore, Group 5, which 

was immunized with a “matching” antigen dose of STING:Ag (1:10 ratio), showed a 

significant increase in antigen-specific TNFα+ CD8 T cells when compared to the Group 1 20 

and Group 2 controls.   

 Representative results for ICS for IL-2 are shown in FIGs. 25A-25C, wherein FIG. 

25A shows results for ex vivo stimulation with the E6 peptide pool, FIG. 25B shows the 

results for ex vivo stimulation with the E7 peptide pool and FIG. 25C shows the results for 

ex vivo stimulation with the medium control.  A moderate increase in IL-2+ CD8 T cell 25 



  MDN-015PC 

323 

frequency between the pre- and post-dose was observed in all immunized animals (Groups 1-

5).  However, the increase in IL-2+ CD8 T cells was most detectable in the groups treated 

with STING:Ag at ratios of 1:1 and 1:5 (Groups 3 and 4), whereas animals treated with 

STING:Ag at a 1:10 ratio did not exhibit increased IL-2+ CD8 T cells as compared to 

controls.  The increase in IL-2 is consistent with the known ability of subsets of T cells to 5 

secrete IL-2 during active T cell responses.   

 To examine the effect of STING:Ag treatment in the NHPs on antigen-specific 

antibody responses, E6-specific and E7-specific ELISAs were performed.  Plates were coated 

with either recombinant E6 (Prospec; #HPV-005 His HPV16 E6) or recombinant E7 

(ProteinX; #2003207 His HPV16 E7).  A mouse anti-E6 monoclonal antibody from Alpha 10 

Diagnostics International (#HPV16E6 1-M) was used as a positive control.  A mouse anti-E7 

monoclonal antibody from Fisher/Life Technologies (#280006-EA) was used as a positive 

control.  An anti-mouse IgG-HRP antibody from Jackson ImmunoResearch (#715-035-150) 

was used as the secondary antibody for the positive controls.  Anti-monkey IgG-HRP from 

Abcam (#ab112767) was used as the secondary antibody for the NHP serum.   15 

 Plates were coated with recombinant E6 or E7 (500 ng/well; 100 µl/well) at 4° C 

overnight and then blocked with TBS SuperBlock for 1 hour at room temperature.  Primary 

antibody was added (100 µl/well) and incubated for 1 hour at room temperature.  Positive 

control antibodies were serially diluted.  NHP serum was diluted 1:5000.  After washing, 

secondary antibody was added (100 µl/well) and incubated for 1 hour at room temperature.  20 

Positive control anti-mouse IgG-HRP was diluted 1:5000.  For the NHP serums, anti-monkey 

IgG-HRP was diluted 1:30,000.  Color was developed for 5 minutes (anti-E6) or for 10 

minutes (anti-E7), then stopped and read at 450 nm. 

 Representative results for anti-HPV16 E6 IgG are shown in FIG. 26.  Representative 

results for anti-HPV16 E7 IgG are shown in FIG. 27.  The results for both anti-E6 and anti-25 

E7 demonstrate that treatment of the animals with STING:Ag, particularly at ratios of 1:5 and 

1:10 led to increased antigen-specific antibody responses. 

 To further study the antigen-specific IgG response, further ELISA studies were 

performed using a two-fold dilution series for day 25 serums.  As shown in FIG. 28, the two-

fold dilution series for the animals treated at a 1:10 STING:Ag ratio exhibited a clear 30 

enhancement in the levels of anti-HPV16 E6-specific IgG antibodies, as compared to animals 

treated with the HPV vaccine alone.  Calculated titer values from these ELISA studies with 
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the day 25 serum two-fold dilution series for anti-E6 IgG and anti-E7 IgG are shown in FIGs, 

29A and 29B, respectively.  The calculated titer values, particularly for the anti-E6 specific 

response, confirm the enhancement by the STING immune potentiator, with the 1:10 

STING:Ag ratio showing the greatest enhancement.  

 Accordingly, the results described herein for the non-human primate study confirm 5 

that STING immunopotentiates antigen-specific T cell and antibody responses against an 

mRNA vaccine antigen in vivo.  
 

Example 12:   Immunogenicity of Various KRAS-STING Vaccine Formats  

             in HLA*A11 Transgenic Mice 10 

 In this example, to examine the effect of the STING immune potentiator mRNA 

construct on immune responses to various different forms of the mutant KRAS peptide 

antigen mRNA constructs, HLA*A*11:01 Tg mice (Taconic, strain 9660F, n=3) were 

administered mRNA encoding various different forms of mutated KRAS peptide antigen 

mRNA constructs in combination with a STING immune potentiator mRNA construct as 15 

follows: mRNA encoding mutated KRAS in combination with STING administered on days 

0 and 14, animals sacrificed on day 21.  Mice were aged 6-9 weeks at day 0.  mRNA was 

administered to the animals at a dose of 0.5 mg/kg (10ug per 20-g animal).  The KRAS and 

STING constructs are administered at a 5:1 ratio (Ag:STING).   

 The types of mutated KRAS constructs tested were as follows:  (i) mRNA encoding a 20 

single mutant KRAS 25mer peptide antigen containing either the G12D, G12V, G13D or 

G12C mutation (“monomer”); (ii) mRNA encoding a concatemer of three 25mer peptide 

antigens (thus creating a 75mer), one of each containing the G12D, G12V and G13D 

mutations (“KRAS-3MUT concatemer”); (iii)  mRNA encoding a concatemer of four 25mer 

peptide antigens (thus creating a 100mer), one of each containing the G12D, G12V, G13D 25 

and G12C mutations (“KRAS-4MUT concatemer”); or (iv) four separate mRNAs 

coadministered together, each encoding a single mutant KRAS 25mer peptide antigen 

containing either the G12D, G12V, G13D or G12C mutation (“pooled monomers”).  The 

amino acid and nucleotide sequences of the constructs are as described in Example 7.  An 

A11-viral epitope concatemer antigen was also tested in combination with STING or a 30 

control mRNA (NTFIX) (“validated A11 Ag”).  

 The test groups are shown in Table 16 as follows: 
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Table 16 

TEST 

group 
Group 

Test/Control 

Material 
Immune 

Potentiator 
Vehicle Route 

Dosing  

Regimen 

KRAS-MUT 
Monomer 

1 KRAS G12D STING (V155M) Compound 25 IM Day 1, 14 

2 KRAS G12V STING (V155M) Compound 25 IM Day 1, 14 

3 KRAS G13D STING (V155M) Compound 25 IM Day 1, 14 

4 KRAS G12C STING (V155M) Compound 25 IM Day 1, 14 

KRAS-MUT 
Concatemer 

5 KRAS-3MUT STING (V155M) Compound 25 IM Day 1, 14 

6 KRAS-4MUT STING (V155M) Compound 25 IM Day 1, 14 

7 KRAS-4MUT.var1 STING (V155M) Compound 25 IM Day 1, 14 

Pooled 
Monomers 

8 
G12D+G12V+ 
G12C+G13D 

STING (V155M) Compound 25 IM Day 1, 14 

Validated 
A11 Ags 

9 
A11-Viral epitope 

concatemer 
STING (V155M) Compound 25 IM Day 1, 14 

10 
A11-Viral epitope 

concatemer 
NTFIX Compound 25 IM Day 1, 14 

 

 In a first set of experiments to evaluate antigen-specific CD8+ T cell responses to the 

KRAS antigens, day 21 spleen cells from the mice were restimulated ex vivo with KRAS 5 

monomer peptides (2ug/ml per peptide) for 5 hours at 37 degrees Celsius in the presence of 

GolgiPlug (Brefeldin A).  Intracellular cytokine staining (ICS)(IFN-γ) was performed for 

KRAS G12D (aa*7/8-16), KRAS G12V (aa*7/8-16), KRAS G13D (aa*7/8-16), G12C 

(aa*7/8-16), KRAS WT (aa*7/8-16) and no peptide. 

 The ICS results for KRAS-G12V-specific responses are shown in FIG. 30.  The ICS 10 

results for KRAS-G12D-specific responses are shown in FIG. 31.  These results demonstrate 

that anti-KRAS-G12V and anti-KRAS-G12D specific CD8+ T cells were detected in mice 

immunized with the corresponding KRAS-STING vaccine (monomer or concatemer) and 

restimulated with the cognate peptide.  Comparable % IFN-gamma positive CD8+ T cells 

were seen when the KRAS mutations were administered to the mice as a monomer or as 15 

concatemers.  The responses observed with G12V were stronger than the responses observed 

with G12D.  In this experiment, anti-KRAS G12C and anti-KRAS G13D responses were not 

observed (data not shown).   

 In a second set of experiments to evaluate antigen-specific CD8+ T cell responses to 

KRAS antigens, day 21 spleen cells from the mice were co-cultured with HLA*A11-20 
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expressing target cells (Cos7-A11 cells) that had been pulsed with the corresponding KRAS 

peptides (G12V, G12D or WT control), followed by ICS (IFN-γ).  The Cos7-A11 co-culture 

results for KRAS-G12V-specific responses are shown in FIG. 32.  The Cos7-A11 co-culture 

results for KRAS-G12D-specific responses are shown in FIG. 33.  These results demonstrate 

that anti-KRAS-G12V and anti-KRAS-G12D specific CD8+ T cell responses were detected 5 

in mice immunized with the corresponding KRAS-STING vaccine (monomer or concatemer) 

and restimulated with the A11+ expressing cell line pulsed with G12V or G12D.  Thus, the 

results in this second set of experiments with respect to detection of antigen-specific CD8+ T 

cell responses to the KRAS antigens were very similar to the results from the first set of 

experiments using restimulation with cognate peptides.   10 

 Finally, the ability of STING to potentiate antigen-specific response to known A*11-

restricted viral epitopes was evaluated using day 21 spleen cells from the mice immunized 

with an A11-viral epitope concatemer.  Eight viral epitopes (EBV BRLF1, FLU, HIV NEF, 

EBV, HBV core antigen, HCV, CMV and BCL-2L1) (25 amino acids each) were 

concatemerized and encoded by mRNA for use as an antigen in combination with STING in 15 

the A11-transgenic mice (treatment group 9 in Table 16).  The A11-viral epitope concatemer 

was also co-administered with an NTFIX control mRNA (treatment group 10 in Table 16).  

Five of the eight epitopes (EBV BRLF1, FLU, HIV NEF, EBV, HBV core antigen) were 

validated A11 binders with relatively low predicted IC50s; the other three epitopes (HCV, 

CMV and BCL-2L1) had more moderate predicted affinities for A11 but have not been 20 

experimentally validated.  The amino acid sequences for the viral epitopes, as well as their 

IC50s, are shown below in Table 17: 

 

Table 17 

Gene Peptide ann_IC50 % rank 
Literature 

validation 

EBV BRLF1 ATIGTAMYK (SEQ ID NO: 226) 6.03 0.2 Y 

FLU SIIPSGPLK  (SEQ ID NO: 227) 5 0.25 Y 

HIV NEF AVDLSHFLK  (SEQ ID NO: 228) 20.31 0.25 Y 

EBV AVFDRKSDAK  (SEQ ID NO:229) 55.63 0.5 Y 

HBV core antigen YVNVNMGLK  (SEQ ID NO: 230) 69.82 0.5 Y 

HCV RVCEKMALY  (SEQ ID NO: 231) 304.91 1.3  

CMV KLGGALQAK  (SEQ ID NO: 232) 736.59 1.6  

 25 
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Day 21 spleen cells were restimulated ex vivo with the individual A*11 viral epitopes, 

followed by ICS (IFN-γ and TNF-α), to detect antigen-specific CD8+ T cell responses.  

Antigen-specific CD8+ T cell responses were observed for four out of the eight viral epitopes 

(EBV, EBV BRLF1, FLU and HIV NEF) and, as shown in FIG. 34, STING potentiated T 

cell responses for these four viral epitopes.   5 

A repeat study was performed in HLA*A11 transgenic mice using the KRAS-4MUT 

concatemer, at either a low dose (10 µg) or a high dose (30 µg), in combination with the 

STING immune potentiator mRNA at an Ag:STING ratio of 5:1.  Significant enhancement of 

G12V-specific CD8 T cell responses by the STING immune potentiator construct was again 

observed, with the greatest enhancement being seen at the higher dose of antigen tested (30 10 

µg).   

Accordingly, the results described herein for HLA*A11 transgenic mice demonstrate 

that STING immunopotentiates antigen-specific T cell anti-KRAS responses, as well as anti-

viral responses to other A11-restricted viral antigens, and is able to immunopotentiate 

responses to vaccine antigens in various formats (monomers and concatemers).   15 

 

 

Other Embodiments 

 It is to be understood that while the present disclosure has been described in 

conjunction with the detailed description thereof, the foregoing description is intended to 20 

illustrate and not limit the scope of the present disclosure, which is defined by the scope of 

the appended claims.  Other aspects, advantages, and alterations are within the scope of the 

following claims.   

 All references described herein are incorporated by reference in their entireties. 

 25 
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SEQUENCE LISTING SUMMARY 

 
SEQ 
ID 

NO: 

SEQUENCE 

1 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(huSTING(V155M); no epitope tag) 

2 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNVAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDtLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPA

DDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(Hu STING(R284T); no epitope tag) 

3 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNVAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDmLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(hu STING (R284M); no epitope tag) 

4 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNVAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDkLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

 (Hu STING (R284K); no epitope tag) 

5 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFsVAHGLA

WSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRV

YSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPA

DDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(Hu STING(N154S); no epitope tag) 

6 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAlCEKGNFNVAHGLA

WSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRV

YSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPA

DDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(Hu STING(V147L); no epitope tag) 

7 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNVAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQqP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(Hu STING (E315Q); no epitope tag) 

8 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNVAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLaTDFS 

(Hu STING (R375A); no epitope tag) 

9 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRH

IHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEIS

ALCEKGNFSMAHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMAD
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PNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQ

AKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQE

PELLISGMEKPLPLRTDFS 

(Hu STING(V147L/N154S/V155M); no epitope tag) 

10 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRH

IHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEIS

ALCEKGNFSMAHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMAD

PNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDMLEQ

AKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQE

PELLISGMEKPLPLRTDFS 

(Hu STING(R284M/V147L/N154S/V155M); no epitope tag) 

11 METPKPRILPWLVSQLDLGQLEGVAWLDESRTRFRIPWKHGLRQDAQMADFGIFQAWAEASGAYTPGKDKPDVST

WKRNFRSALNRKEVLRLAADNSKDPYDPHKVYEFVTPGARDFVHLGASPDTNGKSSLPHSQENLPKLFDGLILGPLKD

EGSSDLAIVSDPSQQLPSPNVNNFLNPAPQENPLKQLLAEEQWEFEVTAFYRGRQVFQQTLFCPGGLRLVGSTADMT

LPWQPVTLPDPEGFLTDKLVKEYVGQVLKGLGNGLALWQAGQCLWAQRLGHSHAFWALGEELLPDSGRGPDGEV

HKDKDGAVFDLRPFVADLIAFMEGSGHSPRYTLWFCMGEMWPQDQPWVKRLVMVKVVPTCLKELLEMAREGGA

SSLKTVDLHIDNSQPISLTSDQYKAYLQDLVEDMDFQATGNI 

(super mouse IRF3 S396D; no epitope tag) 

12 MGTPKPRILPWLVSQLDLGQLEGVAWVNKSRTRFRIPWKHGLRQDAQQEDFGIFQAWAEATGAYVPGRDKPDLPT

WKRNFRSALNRKEGLRLAEDRSKDPHDPHKIYEFVNSGVGDFSQPDTSPDTNGGGSTSDTQEDILDELLGNMVLAPL

PDPGPPSLAVAPEPCPQPLRSPSLDNPTPFPNLGPSENPLKRLLVPGEEWEFEVTAFYRGRQVFQQTISCPEGLRLVGS

EVGDRTLPGWPVTLPDPGMSLTDRGVMSYVRHVLSCLGGGLALWRAGQWLWAQRLGHCHTYWAVSEELLPNSG

HGPDGEVPKDKEGGVFDLGPFIVDLITFTEGSGRSPRYALWFCVGESWPQDQPWTKRLVMVKVVPTCLRALVEMA

RVGGASSLENTVDLHIDNSHPLSLTSDQYKAYLQDLVEGMDFQGPGET 

(super human IRF3 S396D; no epitope tag) 

13 MALAPERAAPRVLFGEWLLGEISSGCYEGLQWLDEARTCFRVPWKHFARKDLSEADARIFKAWAVARGRWPPSSRG

GGPPPEAETAERAGWKTNFRCALRSTRRFVMLRDNSGDPADPHKVYALSRELCWREGPGTDQTEAEAPAAVPPPQ

GGPPGPFLAHTHAGLQAPGPLPAPAGDKGDLLLQAVQQSCLADHLLTASWGADPVPTKAPGEGQEGLPLTGACAG

GPGLPAGELYGWAVETTPSPgpqpaalttgeaaapesphqaepylspspsactavqepspgaldvtimykgrtvlqkvvghpsctflyg

ppdpavratdpqqvafpspaelpdqkqlryteellrhvapglhlelrgpqlwarrmgkckvywevggppgsaspstpacllprncdtpifdfrvf

fqelvefrarqrrgsprytiylgfgqdlsagrpkekslvlvklepwlcrvhlegtqrEGVSSLDSSSLSLCLSSANSLYDDIECFLMELEQPA 

(Wild-type Hu IRF7 isoform A; P037 without epitope tag) 

14 MALAPERAAPRVLFGEWLLGEISSGCYEGLQWLDEARTCFRVPWKHFARKDLSEADARIFKAWAVARGRWPPSSRG

GGPPPEAETAERAGWKTNFRCALRSTRRFVMLRDNSGDPADPHKVYALSRELCWREGPGTDQTEAEAPAAVPPPQ

GGPPGPFLAHTHAGLQAPGPLPAPAGDKGDLLLQAVQQSCLADHLLTASWGADPVPTKAPGEGQEGLPLTGACAG

GPGLPAGELYGWAVETTPSPgpqpaalttgeaaapesphqaepylspspsactavqepspgaldvtimykgrtvlqkvvghpsctflyg

ppdpavratdpqqvafpspaelpdqkqlryteellrhvapglhlelrgpqlwarrmgkckvywevggppgsaspstpacllprncdtpifdfrvf

fqelvefrarqrrgsprytiylgfgqdlsagrpkekslvlvklepwlcrvhlegtqrEGVSSLDSSdLdLCLSSANSLYDDIECFLMELEQPA 

(constitutively active Hu IRF7 S477D/S479D; P033 without epitope tag) 

15 MALAPERAAPRVLFGEWLLGEISSGCYEGLQWLDEARTCFRVPWKHFARKDLSEADARIFKAWAVARGRWPPSSRG

GGPPPEAETAERAGWKTNFRCALRSTRRFVMLRDNSGDPADPHKVYALSRELCWREGPGTDQTEAEAPAAVPPPQ

GGPPGPFLAHTHAGLQAPGPLPAPAGDKGDLLLQAVQQSCLADHLLTASWGADPVPTKAPGEGQEGLPLTGACAG

GPGLPAGELYGWAVETTPSPgpqpaalttgeaaapesphqaepylspspsactavqepspgaldvtimykgrtvlqkvvghpsctflyg

ppdpavratdpqqvafpspaelpdqkqlryteellrhvapglhlelrgpqlwarrmgkckvywevggppgsaspstpacllprncdtpifdfrvf

fqelvefrarqrrgsprytiylgfgqdlsagrpkekslvlvklepwlcrvhlegtqrEGVSSLDdSdLSdCLSSANSLYDDIECFLMELEQPA 

(constitutively active Hu IRF7 S475D/S477D/L480D; P034 without epitope tag) 

16 MALAPERAAPRVLFGEWLLGEISSGCYEGLQWLDEARTCFRVPWKHFARKDLSEADARIFKAWAVARGRWPPSSRG

GGPPPEAETAERAGWKTNFRCALRSTRRFVMLRDNSGDPADPHKVYALSRELCWREGPGTDQTEAEAPAAVPPPQ

GGPPGPFLAHTHAGLQAPGPLPAPAGDKGDLLLQAVQQSCLADHLLTASWGADPVPTKAPGEGQEGLPLTGACAG

GPGLPAGELYGWAVETTPSPgpqpaalttgeaaapesphqaepylspspsactavqepspgaldvtimykgrtvlqkvvghpsctflyg

ppdpavratdpqqvafpspaelpdqkqlryteellrhvapglhlelrgpqlwarrmgkckvywevggppgsaspstpacllprncdtpifdfrvf

fqelvefrarqrrgsprytiylgfgqdlsagrpkekslvlvklepwlcrvhlegtqrEGVSSLDdddLdLCLdSANdLYDDIECFLMELEQP

A 

(constitutively active Hu IRF7 S475D/S476D/S477D/S479D/S483D/S487D; P035 without epitope tag) 
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17 MALAPERAAPRVLFGEWLLGEISSGCYEGLQWLDEARTCFRVPWKHFARKDLSEADARIFKAWAVARGRWPPSSRG

GGPPPEAETAERAGWKTNFRCALRSTRRFVMLRDNSGDPADPHKVYALSRELCWREGPGTDQTEAEAPAAVPPPQ

GGPPGPFLAHTHAGLQAPGPLPAPAGDKGDLLLQAVQQSCLADHLLTASWGADPVPTKAPGEGQEGLPLTGACAG

GPGLPAGELYGWAVETTPSPEGVSSLDSSSLSLCLSSANSLYDDIECFLMELEQPA 

(constitutively active truncated Hu IRF7 1-246 + 468-503; P032 without epitope tag) 

18 MALAPERAAPRVLFGEWLLGEISSGCYEGLQWLDEARTCFRVPWKHFARKDLSEADARIFKAWAVARGRWPPSSRG

GGPPPEAETAERAGWKTNFRCALRSTRRFVMLRDNSGDPADPHKVYALSRELCWREGPGTDQTEAEAPAAVPPPQ

GGPPGPFLAHTHAGLQAPGPLPAPAGDKGDLLLQAVQQSCLADHLLTASWGADPVPTKAPGEGQEGLPLTGACAG

GPGLPAGELYGWAVETTPSPEGVSSLDdddLdLCLdSANdLYDDIECFLMELEQPA 

(constitutively active truncated Hu IRF7 1-246 + 468-503 plus 

S475D/S476D/S477D/S479D/S483D/S487D; P036 without epitope tag) 

19 MALAPERAAPRVLFGEWLLGEISSGCYEGLQWLDEARTCFRVPWKHFARKDLSEADARIFKAWAVARGRWPPSSRG

GGPPPEAETAERAGWKTNFRCALRSTRRFVMLRDNSGDPADPHKVYALSRELCWREGPGTDQTEAEAPAAVPPPQ

gpqpaalttgeaaapesphqaepylspspsactavqepspgaldvtimykgrtvlqkvvghpsctflygppdpavratdpqqvafpspaelpd

qkqlryteellrhvapglhlelrgpqlwarrmgkckvywevggppgsaspstpacllprncdtpifdfrvffqelvefrarqrrgsprytiylgfgqdl

sagrpkekslvlvklepwlcrvhlegtqrEGVSSLDSSSLSLCLSSANSLYDDIECFLMELEQPA 

(truncated Hu IRF7 1-151 + 247-503; P038 without epitope tag; null mutation) 

20 MGGPPGPFLAHTHAGLQAPGPLPAPAGDKGDLLLQAVQQSCLADHLLTASWGADPVPTKAPGEGQEGLPLTGACA

GGPGLPAGELYGWAVETTPSPgpqpaalttgeaaapesphqaepylspspsactavqepspgaldvtimykgrtvlqkvvghpsctfly

gppdpavratdpqqvafpspaelpdqkqlryteellrhvapglhlelrgpqlwarrmgkckvywevggppgsaspstpacllprncdtpifdfr

vffqelvefrarqrrgsprytiylgfgqdlsagrpkekslvlvklepwlcrvhlegtqrEGVSSLDSSSLSLCLSSANSLYDDIECFLMELEQP

A 

(truncated Hu IRF7 152-503; P039 without epitope tag; null mutation) 

21 TCAAGCTTTTGGACCCTCGTACAGAAGCTAATACGACTCACTATAGGGAAATAAGAGAGAAAAGAAGAGTAAGA

AGAAATATAAGAGCCACC 

(5’ UTR) 

22 TGATAATAGGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGC

ACCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGC 

(3’ UTR) 

23 TGATAATAGGCTGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTGGGCCCAAACACCATTGTCACACTCCATCCCC

CCAGCCCCTCCTCCCCTTCCTCCATAAAGTAGGAAACACTACATGCACCCGTACCCCCGTGGTCTTTGAATAAAGT

CTGAGTGGGCGGC 

(3’ UTR with mi-122 and mi-142.3p sites) 

24 GSGATNFSLLKQAGDVEENPGP 

(2A peptide amino acid sequence) 

25 GGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCT 

(Nucleotide sequence encoding 2A peptide) 

26 TCCGGACTCAGATCCGGGGATCTCAAAATTGTCGCTCCTGTCAAACAAACTCTTAACTTTGATTTACTCAAACTGG

CTGGGGATGTAGAAAGCAATCCAGGTCCACTC 
(Nucleotide sequence encoding 2A peptide) 

27 GACAGUGCAGUCACCCAUAAAGUAGAAAGCACUACUAACAGCACUGGAGGGUGUAGUGUUUCCUACUUUA

UGGAUGAGUGUACUGUG 

(miR-142) 

28 UGUAGUGUUUCCUACUUUAUGGA 

(miR-142-3p) 

29 UCCAUAAAGUAGGAAACACUACA 

(miR-142-3p binding site) 

30 CAUAAAGUAGAAAGCACUACU 

(miR-142-5p) 

31 AGUAGUGCUUUCUACUUUAUG 

(miR-142-5p binding site) 

32 AACGCCAUUAUCACACUAAAUA 

(miR-122-3p) 

33 UGGAGUGUGACAAUGGUGUUUG 

(miR-122-5p) 

34 UAGCUUAUCAGACUGAUGUUGA 
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(miR-21-5p) 

35 CAACACCAGUCGAUGGGCUGU 

(miR-21-3p) 

36 MKLVVVGADGVGKSAL 

(KRAS(G12D)15mer) 

37 MKLVVVGAVGVGKSAL 

(KRAS(G12V)15mer) 

38 MLVVVGAGDVGKSALT 

(KRAS(G13D)15mer) 

39 MTEYKLVVVGADGVGKSALTIQLIQ 

(KRAS(G12D)25mer) 

40 MTEYKLVVVGAVGVGKSALTIQLIQ 

(KRAS(G12V)25mer) 

41 MTEYKLVVVGAGDVGKSALTIQLIQ 

(KRAS(G13D)25mer) 

42 MKLVVVGADGVGKSALKLVVVGADGVGKSALKLVVVGADGVGKSAL 

(KRAS(G12D)15mer^3) 

43 MKLVVVGAVGVGKSALKLVVVGAVGVGKSALKLVVVGAVGVGKSAL 

(KRAS(G12V)15mer^3) 

44 MLVVVGAGDVGKSALTLVVVGAGDVGKSALTLVVVGAGDVGKSALT 

(KRAS(G13D)15mer^3) 

45 MTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGADGVGKSALTIQLIQ 

(KRAS(G12D)25mer^3) 

46 MTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQ 

(KRAS(G12V)25mer^3) 

47 MTEYKLVVVGAGDVGKSALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQ 

(KRAS(G13D)25mer^3) 

48 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYR

GSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNM

AHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDH

AGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNC

RLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQ

AGDVEENPGPMKLVVVGADGVGKSAL  
(KRAS(G12D)15mer_nt.STING(V155M)) 

49 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYR

GSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNM

AHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDH

AGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNC

RLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQ

AGDVEENPGPMKLVVVGAVGVGKSAL  
(KRAS(G12V)15mer_nt.STING(V155M) 

50 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYR

GSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNM

AHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDH

AGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNC

RLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQ

AGDVEENPGPMLVVVGAGDVGKSALT  
(KRAS(G13D)15mer_nt.STING(V155M) 

51 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYR

GSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNM

AHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDH

AGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNC

RLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQ

AGDVEENPGPMTEYKLVVVGADGVGKSALTIQLIQ  
(KRAS(G12D)25mer_nt.STING(V155M)) 
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52 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYR

GSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNM

AHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDH

AGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNC

RLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQ

AGDVEENPGPMTEYKLVVVGAVGVGKSALTIQLIQ  
(KRAS(G12V)25mer_nt.STING(V155M) 

53 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYR

GSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNM

AHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDH

AGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNC

RLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQ

AGDVEENPGPMTEYKLVVVGAGDVGKSALTIQLIQ  
(KRAS(G13D)25mer_nt.STING(V155M) 

54 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQAGDVEENP

GPMKLVVVGADGVGKSALKLVVVGADGVGKSALKLVVVGADGVGKSAL 

(KRAS(G12D)15mer^3_nt.STING(V155M)) 

55 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQAGDVEENP

GPMKLVVVGAVGVGKSALKLVVVGAVGVGKSALKLVVVGAVGVGKSAL 

(KRAS(G12V)15mer^3_nt.STING(V155M) 

56 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQAGDVEENP

GPMLVVVGAGDVGKSALTLVVVGAGDVGKSALTLVVVGAGDVGKSALT 

(KRAS(G13D)15mer^3_nt.STING(V155M) 

57 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQAGDVEENP

GPMTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGADGVGKSALTIQLIQ 

(KRAS(G12D)25mer^3_nt.STING(V155M)) 

58 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQAGDVEENP

GPMTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQ 

(KRAS(G12V)25mer^3_nt.STING(V155M) 

59 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFSATNFSLLKQAGDVEENP

GPMTEYKLVVVGAGDVGKSALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQ 

(KRAS(G13D)25mer^3_nt.STING(V155M) 
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60 MKLVVVGADGVGKSALATNFSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEP

PEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFT

WMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAV

SQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAM

SQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTS

AVPSTSTMSQEPELLISGMEKPLPLRTDFS  
(KRAS(G12D)15mer_ct.STING(V155M)) 

61 MKLVVVGAVGVGKSALATNFSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEP

PEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFT

WMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAV

SQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAM

SQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTS

AVPSTSTMSQEPELLISGMEKPLPLRTDFS  
(KRAS(G12V)15mer_ct.STING(V155M) 

62 MLVVVGAGDVGKSALTATNFSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEP

PEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFT

WMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAV

SQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAM

SQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTS

AVPSTSTMSQEPELLISGMEKPLPLRTDFS  
(KRAS(G13D)15mer_ct.STING(V155M) 

63 MTEYKLVVVGADGVGKSALTIQLIQATNFSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVT

LWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPN

AVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYN

NLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATP

LQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEV

TVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS  
(KRAS(G12D)25mer_ct.STING(V155M)) 

64 MTEYKLVVVGAVGVGKSALTIQLIQATNFSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVT

LWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPN

AVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYN

NLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATP

LQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEV

TVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS  
(KRAS(G12V)25mer_ct.STING(V155M) 

65 MTEYKLVVVGAGDVGKSALTIQLIQATNFSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVT

LWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPN

AVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYN

NLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATP

LQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEV

TVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS  
(KRAS(G13D)25mer_ct.STING(V155M) 

66 MKLVVVGADGVGKSALKLVVVGADGVGKSALKLVVVGADGVGKSALATNFSLLKQAGDVEENPGPMPHSSLHPSIP

CPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLG

CPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRL

ILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLEN

GQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEV

LRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(KRAS(G12D)15mer^3_ct.STING(V155M)) 

67 MKLVVVGAVGVGKSALKLVVVGAVGVGKSALKLVVVGAVGVGKSALATNFSLLKQAGDVEENPGPMPHSSLHPSIP

CPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLG

CPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRL

ILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLEN

GQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEV

LRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(KRAS(G12V)15mer^3_ct.STING(V155M) 
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68 MLVVVGAGDVGKSALTLVVVGAGDVGKSALTLVVVGAGDVGKSALTATNFSLLKQAGDVEENPGPMPHSSLHPSIP

CPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGSYWRTVRACLG

CPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNMAHGLAWSYYIGYLRL

ILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDRVYSNSIYELLEN

GQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILADAPESQNNCRLIAYQEPADDSSFSLSQEV

LRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(KRAS(G13D)15mer^3_ct.STING(V155M) 

69 MTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGADGVGKSALTIQLIQATN

FSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNG

VCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPA

EISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRF

LDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILA

DAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(KRAS(G12D)25mer^3_ct.STING(V155M)) 

70 MTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQATN

FSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNG

VCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPA

EISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRF

LDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILA

DAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(KRAS(G12V)25mer^3_ct.STING(V155M) 

71 MTEYKLVVVGAGDVGKSALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQATN

FSLLKQAGDVEENPGPMPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNG

VCSLAEELRHIHSRYRGSYWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPA

EISAVCEKGNFNMAHGLAWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRF

LDKLPQQTGDHAGIKDRVYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDRLEQAKLFCRTLEDILA

DAPESQNNCRLIAYQEPADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFS 

(KRAS(G13D)25mer^3_ct.STING(V155M) 

72 MTEYKLVVVGACGVGKSALTIQLIQ 

(KRAS(G12C)25mer) 

73 MTEYKLVVVGACGVGKSALTIQLIQMTEYKLVVVGACGVGKSALTIQLIQMTEYKLVVVGACGVGKSALTIQLIQ 

(KRAS(G12C)25mer^3) 

74 MTEYKLVVVGAGGVGKSALTIQLIQ 

(KRAS(WT)25mer) 

75 MSAGDPRVGSGSLDSFMFSIPLVALNVGVRRRLSLFLNPRTPVAADWTLLAEEMGFEYLEIRELETRPDPTRSLLDAW

QGRSGASVGRLLELLALLDREDILKELKSRIEEDCQKYLGKQQNQESEKPLQVARVESSVPQTKELGGITTLDDPLGQTP

ELFDAFICYCPNDIEFVQEMIRQLEQTDYRLKLCVSDRDVLPGTCVWSIASELIEKRCRRMVVVVSDDYLQSKECDFQT

KFALSLSPGVQQKRPIPIKYKAMKKDFPSILRFITICDYTNPCTKSWFWTRLAKALSLP 

(human myd88(L265P); P4027 without epitope tag) 

76 MAAGGPGAGSAAPVSSTSSLPLAALNMRVRRRLSLFLNVRTQVAADWTALAEEMDFEYLEIRQLETQADPTGRLLD

AWQGRPGASVGRLLELLTKLGRDDVLLELGPSIEEDCQKYILKQQQEEAEKPLQVAAVDSSVPRTAELAGITTLDDPLG

HMPERFDAFICYCPSDIQFVQEMIRQLEQTNYRLKLCVSDRDVLPGTCVWSIASELIEKRCRRMVVVVSDDYLQSKEC

DFQTKFALSLSPGAHQKRPIPIKYKAMKKEFPSILRFITVCDYTNPCTKSWFWTRLAKALSLP 

(mouse myd88(L265P); P4028 without epitope tag) 

77 MGVGKSKLDKCPLSWHKKDSVDADQDGHESDSKNSEEACLRGFVEQSSGSEPPTGEQDQPEAKGAGPEEQDEEEF

LKFVILHAEDDTDEALRVQDLLQNDFGIRPGIVFAEMPCGRLHLQNLDDAVNGSAWTILLLTENFLRDTWCNFQFYTS

LMNSVSRQHKYNSVIPMRPLNSPLPRERTPLALQTINALEEESQGFSTQVERIFRESVFERQQSIWKETRSVSQKQFIA 

(Mouse TRAM (TICAM2); P4033 without epitope tag) 

78 MSLWGLVSKMPPEKVQRLYVDFPQHLRHLLGDWLESQPWEFLVGSDAFCCNLASALLSDTVQHLQASVGEQGEGS

TILQHISTLESIYQRDPLKLVATFRQILQGEKKAVMEQFRHLPMPFHWKQEELKFKTGLRRLQHRVGEIHLLREALQKG

AEAGQVSLHSLIETPANGTGPSEALAMLLQETTGELEAAKALVLKRIQIWKRQQQLAGNGAPFEESLAPLQERCESLV

DIYSQLQQEVGAAGGELEPKTRASLTGRLDEVLRTLVTSCFLVEKQPPQVLKTQTKFQAGVRFLLGLRFLGAPAKPPLV

RADMVTEKQARELSVPQGPGAGAESTGEIINNTVPLENSIPGNCCSALFKNLLLKKIKRCERKGTESVTEEKCAVLFSAS

FTLGPGKLPIQLQALSLPLVVIVHGNQDNNAKATILWDNAFSEMDRVPFVVAERVPWEKMCETLNLKFMAEVGTNR

GLLPEHFLFLAQKIFNDNSLSMEAFQHRSVSWSQFNKEILLGRGFTFWQWFDGVLDLTKRCLRSYWSDRLIIGFISKQY

AASLLLNEPDGTFLLRFSDSEIGGITIAHVIRGQDGSPQIENIQPFSAKDLSIRSLGDRIRDLAQLKNLYPKKPKDEAFRSH
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YKPEQMGKDGRGYVPATIKMTVERDQPLPTPELQMPTMVPSYDLGMAPDSSMSMQLGPDMVPQVYPPHSHSIPP

YQGLSPEESVNVLSAFQEPHLQMPPSLGQMSLPFDQPHPQGLLPCQPQEHAVSSPDPLLCSDVTMVEDSCLSQPVT

AFPQGTWIGEDIFPPLLPPTEQDLTKLLLEGQGESGGGSLGAQPLLQPSHYGQSGISMSHMDLRANPSW 

(STAT6 V547A/T548A); P008 with no epitope tag) 

79 MSLWGLVSKMPPEKVQRLYVDFPQHLRHLLGDWLESQPWEFLVGSDAFCCNLASALLSDTVQHLQASVGEQGEGS

TILQHISTLESIYQRDPLKLVATFRQILQGEKKAVMEQFRHLPMPFHWKQEELKFKTGLRRLQHRVGEIHLLREALQKG

AEAGQVSLHSLIETPANGTGPSEALAMLLQETTGELEAAKALVLKRIQIWKRQQQLAGNGAPFEESLAPLQERCESLV

DIYSQLQQEVGAAGGELEPKTRASLTGRLDEVLRTLVTSCFLVEKQPPQVLKTQTKFQAGVRFLLGLRFLGAPAKPPLV

RADMVTEKQARELSVPQGPGAGAESTGEIINNTVPLENSIPGNCCSALFKNLLLKKIKRCERKGTESVTEEKCAVLFSAS

FTLGPGKLPIQLQALDLPLVVIVHGNQDNNAKATILWDNAFSEMDRVPFVVAERVPWEKMCETLNLKFMAEVGTN

RGLLPEHFLFLAQKIFNDNSLSMEAFQHRSVSWSQFNKEILLGRGFTFWQWFDGVLDLTKRCLRSYWSDRLIIGFISKQ

YVTSLLLNEPDGTFLLRFSDSEIGGITIAHVIRGQDGSPQIENIQPFSAKDLSIRSLGDRIRDLAQLKNLYPKKPKDEAFRS

HYKPEQMGKDGRGYVPATIKMTVERDQPLPTPELQMPTMVPSYDLGMAPDSSMSMQLGPDMVPQVYPPHSHSI

PPYQGLSPEESVNVLSAFQEPHLQMPPSLGQMSLPFDQPHPQGLLPCQPQEHAVSSPDPLLCSDVTMVEDSCLSQP

VTAFPQGTWIGEDIFPPLLPPTEQDLTKLLLEGQGESGGGSLGAQPLLQPSHYGQSGISMSHMDLRANPSW 

(STAT6 (S407D); P009 with no epitope tag) 

80 MSLWGLVSKMPPEKVQRLYVDFPQHLRHLLGDWLESQPWEFLVGSDAFCCNLASALLSDTVQHLQASVGEQGEGS

TILQHISTLESIYQRDPLKLVATFRQILQGEKKAVMEQFRHLPMPFHWKQEELKFKTGLRRLQHRVGEIHLLREALQKG

AEAGQVSLHSLIETPANGTGPSEALAMLLQETTGELEAAKALVLKRIQIWKRQQQLAGNGAPFEESLAPLQERCESLV

DIYSQLQQEVGAAGGELEPKTRASLTGRLDEVLRTLVTSCFLVEKQPPQVLKTQTKFQAGVRFLLGLRFLGAPAKPPLV

RADMVTEKQARELSVPQGPGAGAESTGEIINNTVPLENSIPGNCCSALFKNLLLKKIKRCERKGTESVTEEKCAVLFSAS

FTLGPGKLPIQLQALDLPLVVIVHGNQDNNAKATILWDNAFSEMDRVPFVVAERVPWEKMCETLNLKFMAEVGTN

RGLLPEHFLFLAQKIFNDNSLSMEAFQHRSVSWSQFNKEILLGRGFTFWQWFDGVLDLTKRCLRSYWSDRLIIGFISKQ

YAASLLLNEPDGTFLLRFSDSEIGGITIAHVIRGQDGSPQIENIQPFSAKDLSIRSLGDRIRDLAQLKNLYPKKPKDEAFRS

HYKPEQMGKDGRGYVPATIKMTVERDQPLPTPELQMPTMVPSYDLGMAPDSSMSMQLGPDMVPQVYPPHSHSI

PPYQGLSPEESVNVLSAFQEPHLQMPPSLGQMSLPFDQPHPQGLLPCQPQEHAVSSPDPLLCSDVTMVEDSCLSQP

VTAFPQGTWIGEDIFPPLLPPTEQDLTKLLLEGQGESGGGSLGAQPLLQPSHYGQSGISMSHMDLRANPSW 

(STAT6 (S407D/V547A/T548A); P010 with no epitope tag) 

81 MSLWGLVSKMPPEKVQRLYVDFPQHLRHLLGDWLESQPWEFLVGSDAFCCNLASALLSDTVQHLQASVGEQGEGS

TILQHISTLESIYQRDPLKLVATFRQILQGEKKAVMEQFRHLPMPFHWKQEELKFKTGLRRLQHRVGEIHLLREALQKG

AEAGQVSLHSLIETPANGTGPSEALAMLLQETTGELEAAKALVLKRIQIWKRQQQLAGNGAPFEESLAPLQERCESLV

DIYSQLQQEVGAAGGELEPKTRASLTGRLDEVLRTLVTSCFLVEKQPPQVLKTQTKFQAGVRFLLGLRFLGAPAKPPLV

RADMVTEKQARELSVPQGPGAGAESTGEIINNTVPLENSIPGNCCSALFKNLLLKKIKRCERKGTESVTEEKCAVLFSAS

FTLGPGKLPIQLQALSLPLVVIVHGNQDNNAKATILWDNAFSEMDRVPFVVAERVPWEKMCETLNLKFMAEVGTNR

GLLPEHFLFLAQKIFNDNSLSMEAFQHRSVSWSQFNKEILLGRGFTFWQWFDGVLDLTKRCLRSYWSDRLIIGFISKQY

AASLLLNEPDGTFLLRFSDSEIGGITIAHVIRGQDGSPQIENIQPFSAKDLSIRSLGDRIRDLAQLKNLYPKKPKDEAFRSH

YKPEQMGKDGRGFVPATIKMTVERDQPLPTPELQMPTMVPSYDLGMAPDSSMSMQLGPDMVPQVYPPHSHSIPP

YQGLSPEESVNVLSAFQEPHLQMPPSLGQMSLPFDQPHPQGLLPCQPQEHAVSSPDPLLCSDVTMVEDSCLSQPVT

AFPQGTWIGEDIFPPLLPPTEQDLTKLLLEGQGESGGGSLGAQPLLQPSHYGQSGISMSHMDLRANPSW 

(STAT6 (V547A/T548A/Y641F); P011 with no epitope tag) 

82 SAEVIHQVEEALDTDEKEMLLFLCRDVAIDVVPPNVRDLLDILRERGKLSVGDLAELLYRVRRFDLLKRILKMDRKAVET

HLLRNPHLVSDYRVLMAEIGEDLDKSDVSSLIFLMKDYMGRGKISKEKSFLDLVVELEKLNLVAPDQLDLLEKCLKNIHRI

DLKTKIQKYKQSVQGAGTSYRNVLQAAIQKSLKDPSNNFRLHNGRSKEQRLKEQLGAQQEPVKKSIQESEAFLPQSIPE

ERYKMKSKPLGICLIIDCIGNETELLRDTFTSLGYEVQKFLHLSMHGISQILGQFACMPEHRDYDSFVCVLVSRGGSQSV

YGVDQTHSGLPLHHIRRMFMGDSCPYLAGKPKMFFIQNYVVSEGQLEDSSLLEVDGPAMKNVEFKAQKRGLCTVHR

EADFFWSLCTADMSLLEQSHSSPSLYLQCLSQKLRQERKRPLLDLHIELNGYMYDWNSRVSAKEKYYVWLQHTLRKKL

ILSYT 

(hu-cFLIP-L; P1006 without epitope tag) 

83 SAEVIHQVEEALDTDEKEMLLFLCRDVAIDVVPPNVRDLLDILRERGKLSVGDLAELLYRVRRFDLLKRILKMDRKAVET

HLLRNPHLVSDYRVLMAEIGEDLDKSDVSSLIFLMKDYMGRGKISKEKSFLDLVVELEKLNLVAPDQLDLLEKCLKNIHRI

DLKTKIQKYKQSVQGAGTSYRNVLQAAIQKSLKDPSNNFRLHNGRSKEQRLKEQLGAQQEPVKKS 

(hu-cFLIP-S(1-227); P1007 without epitope tag) 

84 SAEVIHQVEEALDTDEKEMLLFLCRDVAIDVVPPNVRDLLDILRERGKLSVGDLAELLYRVRRFDLLKRILKMDRKAVET

HLLRNPHLVSDYRVLMAEIGEDLDKSDVSSLIFLMKDYMGRGKISKEKSFLDLVVELEKLNLVAPDQLDLLEKCLKNIHRI

DLKTKIQKYKQSVQGAGTSYRNVLQAAIQKSLKD 

(hu-cFLIP-p22(1-198); P1008 without epitope tag) 
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85 SAEVIHQVEEALDTDEKEMLLFLCRDVAIDVVPPNVRDLLDILRERGKLSVGDLAELLYRVRRFDLLKRILKMDRKAVET

HLLRNPHLVSDYRVLMAEIGEDLDKSDVSSLIFLMKDYMGRGKISKEKSFLDLVVELEKLNLVAPDQLDLLEKCLKNIHRI

DLKTKIQKYKQSVQGAGTSYRNVLQAAIQKSLKDPSNNFRLHNGRSKEQRLKEQLGAQQEPVKKSIQESEAFLPQSIPE

ERYKMKSKPLGICLIIDCIGNETELLRDTFTSLGYEVQKFLHLSMHGISQILGQFACMPEHRDYDSFVCVLVSRGGSQSV

YGVDQTHSGLPLHHIRRMFMGDSCPYLAGKPKMFFIQNYVVSEGQLEDSSLLEVD 

(hu-cFLIP-p43(1-376); P1009 without epitope tag) 

86 GPAMKNVEFKAQKRGLCTVHREADFFWSLCTADMSLLEQSHSSPSLYLQCLSQKLRQERKRPLLDLHIELNGYMYD

WNSRVSAKEKYYVWLQHTLRKKLILSYT 

(hu-cFLIP-p12(377-480); P1010 without epitope tag)  

87 MSWSPSLTTQTCGAWEMKERLGTGGFGNVIRWHNQETGEQIAIKQCRQELSPRNRERWCLEIQIMRRLTH 

PNVVAARDVPEGMQNLAPNDLPLLAMEYCQGGDLRKYLNQFENCCGLREGAILTLLSDIASALRYLHEN 

RIIHRDLKPENIVLQQGEQRLIHKIIDLGYAKELDQGELCTEFVGTLQYLAPELLEQQKYTVTVDYWSFGTLAF 

ECITGFRPFLPNWQPVQWHSKVRQKSEVDIVVSEDLNGTVKFSSSLPYPNNLNSVLAERLEKWLQLMLM 

WHPRQRGTDPTYGPNGCFKALDDILNLKLVHILNMVTGTIHTYPVTEDESLQSLKARIQQDTGIPEEDQELL 

QEAGLALIPDKPATQCISDGKLNEGHTLDMDLVFLFDNSKITYETQISPRPQPESVSCILQEPKRNLAFFQLRK 

VWGQVWHSIQTLKEDCNRLQQGQRAAMMNLLRNNSCLSKMKNSMASMSQQLKAKLDFFKTSIQIDLEK 

YSEQTEFGITSDKLLLAWREMEQAVELCGRENEVKLLVERMMALQTDIVDLQRSPMGRKQGGTLDDLEEQ 

ARELYRRLREKPRDQRTEGDSQEMVRLLLQAIQSFEKKVRVIYTQLSKTVVCKQKALELLPKVEEVVSLMN 

EDEKTVVRLQEKRQKELWNLLKIACSKVRGPVSGSPDSMNASRLSQPGQLMSQPSTASNSLPEPAKKSEEL 

VAEAHNLCTLLENAIQDTVREQDQSFTALDWSWLQTEEEEHSCLEQAS 

(huIKK2ca(S177E/S181E); P4005 without epitope tag) 

88 MSWSPSLTTQTCGAWEMKERLGTGGFGNVIRWHNQETGEQIAIKQCRQELSPRNRERWCLEIQIMRRLTH 

PNVVAARDVPEGMQNLAPNDLPLLAMEYCQGGDLRKYLNQFENCCGLREGAILTLLSDIASALRYLHEN 

RIIHRDLKPENIVLQQGEQRLIHKIIDLGYAKELDQGALCTAFVGTLQYLAPELLEQQKYTVTVDYWSFGTLAF 

ECITGFRPFLPNWQPVQWHSKVRQKSEVDIVVSEDLNGTVKFSSSLPYPNNLNSVLAERLEKWLQLMLM 

WHPRQRGTDPTYGPNGCFKALDDILNLKLVHILNMVTGTIHTYPVTEDESLQSLKARIQQDTGIPEEDQELL 

QEAGLALIPDKPATQCISDGKLNEGHTLDMDLVFLFDNSKITYETQISPRPQPESVSCILQEPKRNLAFFQLRK 

VWGQVWHSIQTLKEDCNRLQQGQRAAMMNLLRNNSCLSKMKNSMASMSQQLKAKLDFFKTSIQIDLEK 

YSEQTEFGITSDKLLLAWREMEQAVELCGRENEVKLLVERMMALQTDIVDLQRSPMGRKQGGTLDDLEEQ 

ARELYRRLREKPRDQRTEGDSQEMVRLLLQAIQSFEKKVRVIYTQLSKTVVCKQKALELLPKVEEVVSLMN 

EDEKTVVRLQEKRQKELWNLLKIACSKVRGPVSGSPDSMNASRLSQPGQLMSQPSTASNSLPEPAKKSEEL 

VAEAHNLCTLLENAIQDTVREQDQSFTALDWSWLQTEEEEHSCLEQAS 

 (huIKK2null(S177A/S181A); P4006 without epitope tag) 

89 MSWSPSLPTQTCGAWEMKERLGTGGFGNVIRWHNQATGEQIAIKQCRQELSPKNRNRWCLEIQIMRRLNHPN 

VVAARDVPEGMQNLAPNDLPLLAMEYCQGGDLRRYLNQFENCCGLREGAVLTLLSDIASALRYLHENRIIHRDLK 

PENIVLQQGEKRLIHKIIDLGYAKELDQGELCTEFVGTLQYLAPELLEQQKYTVTVDYWSFGTLAFECITGFRPFLPN 

WQPVQWHSKVRQKSEVDIVVSEDLNGAVKFSSSLPFPNNLNSVLAERLEKWLQLMLMWHPRQRGTDPQYGP 

NGCFRALDDILNLKLVHVLNMVTGTVHTYPVTEDESLQSLKTRIQENTGILETDQELLQKAGLVLLPDKPATQCISD 

SKTNEGLTLDMDLVFLLDNSKINYETQITPRPPPESVSCILQEPKRNLSFFQLRKVWGQVWHSIQTLKEDCNRLQQ 

GQRAAMMSLLRNNSCLSKMKNAMASTAQQLKAKLDFFKTSIQIDLEKYKEQTEFGITSDKLLLAWREMEQAVEQ 

CGRENDVKHLVERMMALQTDIVDLQRSPMGRKQGGTLDDLEEQARELYRKLREKPRDQRTEGDSQEMVRLLLQ 

AIQSFEKKVRVIYTQLSKTVVCKQKALELLPKVEEVVSLMNEDERTVVRLQEKRQKELWNLLKIACSKVRGPVSGSP 

DSMNVSRLSHPGQLMSQPSSACDSLPESDKKSEELVAEAHALCSRLESALQDTVKEQDRSFTTLDWSWLQMEDEE 

RCSLEQACD 

(muIKK2ca(S177E/S181E); P4002 without epitope tag) 

90 MSWSPSLPTQTCGAWEMKERLGTGGFGNVIRWHNQATGEQIAIKQCRQELSPKNRNRWCLEIQIMRRLNHPN 

VVAARDVPEGMQNLAPNDLPLLAMEYCQGGDLRRYLNQFENCCGLREGAVLTLLSDIASALRYLHENRIIHRDLK 

PENIVLQQGEKRLIHKIIDLGYAKELDQGALCTAFVGTLQYLAPELLEQQKYTVTVDYWSFGTLAFECITGFRPFLPN 

WQPVQWHSKVRQKSEVDIVVSEDLNGAVKFSSSLPFPNNLNSVLAERLEKWLQLMLMWHPRQRGTDPQYGP 

NGCFRALDDILNLKLVHVLNMVTGTVHTYPVTEDESLQSLKTRIQENTGILETDQELLQKAGLVLLPDKPATQCISD 

SKTNEGLTLDMDLVFLLDNSKINYETQITPRPPPESVSCILQEPKRNLSFFQLRKVWGQVWHSIQTLKEDCNRLQQ 

GQRAAMMSLLRNNSCLSKMKNAMASTAQQLKAKLDFFKTSIQIDLEKYKEQTEFGITSDKLLLAWREMEQAVEQ 

CGRENDVKHLVERMMALQTDIVDLQRSPMGRKQGGTLDDLEEQARELYRKLREKPRDQRTEGDSQEMVRLLLQ 

AIQSFEKKVRVIYTQLSKTVVCKQKALELLPKVEEVVSLMNEDERTVVRLQEKRQKELWNLLKIACSKVRGPVSGSP 

DSMNVSRLSHPGQLMSQPSSACDSLPESDKKSEELVAEAHALCSRLESALQDTVKEQDRSFTTLDWSWLQMEDEE 

RCSLEQACD 
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 muIKK2null(S177A/S181A); P4003 without epitope tag)  

91 MERPPGLRPGAGGPWEMRERLGTGGFGNVCLYQHRELDLKIAIKSCRLELSTKNRERWCHEIQIMKKLNHANVVKA

CDVPEELNILIHDVPLLAMEYCSGGDLRKLLNKPENCCGLKESQILSLLSDIGSGIRYLHENKIIHRDLKPENIVLQDVGGK

IIHKIIDLGYAKDVDQGELCTEFVGTLQYLAPELFENKPYTATVDYWSFGTMVFECIAGYRPFLHHLQPFTWHEKIKKKD

PKCIFACEEMSGEVRFSSHLPQPNSLCSLVVEPMENWLQLMLNWDPQQRGGPVDLTLKQPRCFVLMDHILNLKIVH

ILNMTSAKIISFLLPPDESLHSLQSRIERETGINTGSQELLSETGISLDPRKPASQCVLDGVRGCDSYMVYLFDKSKTVYEG

PFASRSLSDCVNYIVQDSKIQLPIIQLRKVWAEAVHYVSGLKEDYSRLFQGQRAAMLSLLRYNANLTKMKNTLISASQQ

LKAKLEFFHKSIQLDLERYSEQMTYGISSEKMLKAWKEMEEKAIHYAEVGVIGYLEDQIMSLHAEIMELQKSPYRRQG

DLMESLEQRAIDLYKQLKHRPSDHSYSDSTEMVKIIVHTVQSQDRVLKELFGHLSKLLGCKQKIIDLLPKVEVALSNIKEA

DNTVMFMQGKRQKEIWHLLKIACTQAAARALVGAALEGAVAPQAAAWLPPAAAEHDHALACVVAPQDGEAAAQ

MIEENLNCLGHLAAIIHEANEEQGNSMMNLDWSWLTE 

Human constitutively active IKK alpha (PEST mutation) P.4013 without epitope tag 

92 MERPPGLRPGAGGPWEMRERLGTGGFGNVCLYQHRELDLKIAIKSCRLELSTKNRERWCHEIQIMKKLNHANVVKA

CDVPEELNILIHDVPLLAMEYCSGGDLRKLLNKPENCCGLKESQILSLLSDIGSGIRYLHENKIIHRDLKPENIVLQDVGGK

IIHKIIDLGYAKDVDQGELCTEFVGTLQYLAPELFENKPYTATVDYWSFGTMVFECIAGYRPFLHHLQPFTWHEKIKKKD

PKCIFACEEMSGEVRFSSHLPQPNSLCSLVVEPMENWLQLMLNWDPQQRGGPVDLTLKQPRCFVLMDHILNLKIVH

ILNMTSAKIISFLLPPDESLHSLQSRIERETGINTGSQELLSETGISLDPRKPASQCVLDGVRGCDSYMVYLFDKSKTVYEG

PFASRSLSDCVNYIVQDSKIQLPIIQLRKVWAEAVHYVSGLKEDYSRLFQGQRAAMLSLLRYNANLTKMKNTLISASQQ

LKAKLEFFHKSIQLDLERYSEQMTYGISSEKMLKAWKEMEEKAIHYAEVGVIGYLEDQIMSLHAEIMELQKSPYRRQG

DLMESLEQRAIDLYKQLKHRPSDHSYSDSTEMVKIIVHTVQSQDRVLKELFGHLSKLLGCKQKIIDLLPKVEVALSNIKEA

DNTVMFMQGKRQKEIWHLLKIACTQAAARALVGAALEGAVAPQAAAWLPPAAAEHDHALACVVAPQDGEAAAQ

MIEENLNCLGHLAAIIHEANEEQGNSMMNLDWSWLTE 

Human constitutively active IKK alpha (PEST mutation) P.4014 without epitope tag 

93 MSWSPSLTTQTCGAWEMKERLGTGGFGNVIRWHNQETGEQIAIKQCRQELSPRNRERWCLEIQIMRRLTHPNVVA

ARDVPEGMQNLAPNDLPLLAMEYCQGGDLRKYLNQFENCCGLREGAILTLLSDIASALRYLHENRIIHRDLKPENIVLQ

QGEQRLIHKIIDLGYAKELDQGELCTEFVGTLQYLAPELLEQQKYTVTVDYWSFGTLAFECITGFRPFLPNWQPVQWH

SKVRQKSEVDIVVSEDLNGTVKFSSSLPYPNNLNSVLAERLEKWLQLMLMWHPRQRGTDPTYGPNGCFKALDDILNL

KLVHILNMVTGTIHTYPVTEDESLQSLKARIQQDTGIPEEDQELLQEAGLALIPDKPATQCISDGKLNEGHTLDMDLVFL

FDNSKITYETQISPRPQPESVSCILQEPKRNLAFFQLRKVWGQVWHSIQTLKEDCNRLQQGQRAAMMNLLRNNSCLS

KMKNSMASMSQQLKAKLDFFKTSIQIDLEKYSEQTEFGITSDKLLLAWREMEQAVELCGRENEVKLLVERMMALQT

DIVDLQRSPMGRKQGGTLDDLEEQARELYRRLREKPRDQRTEGDSQEMVRLLLQAIQSFEKKVRVIYTQLSKTVVCKQ

KALELLPKVEEVVSLMNEDEKTVVRLQEKRQKELWNLLKIACSKVRGPVAGAPDAMNAARLAQPGQLMAQPATAA

NALPEPAKKAEELVAEAHNLCTLLENAIQDTVREQDQSFTALDWSWLQTEEEEHSCLEQAS 

Human constitutively active IKK beta (PEST mutation) P.4015 without epitope tag 

94 MSWSPSLTTQTCGAWEMKERLGTGGFGNVIRWHNQETGEQIAIKQCRQELSPRNRERWCLEIQIMRRLTHPNVVA

ARDVPEGMQNLAPNDLPLLAMEYCQGGDLRKYLNQFENCCGLREGAILTLLSDIASALRYLHENRIIHRDLKPENIVLQ

QGEQRLIHKIIDLGYAKELDQGELCTEFVGTLQYLAPELLEQQKYTVTVDYWSFGTLAFECITGFRPFLPNWQPVQWH

SKVRQKSEVDIVVSEDLNGTVKFSSSLPYPNNLNSVLAERLEKWLQLMLMWHPRQRGTDPTYGPNGCFKALDDILNL

KLVHILNMVTGTIHTYPVTEDESLQSLKARIQQDTGIPEEDQELLQEAGLALIPDKPATQCISDGKLNEGHTLDMDLVFL

FDNSKITYETQISPRPQPESVSCILQEPKRNLAFFQLRKVWGQVWHSIQTLKEDCNRLQQGQRAAMMNLLRNNSCLS

KMKNSMASMSQQLKAKLDFFKTSIQIDLEKYSEQTEFGITSDKLLLAWREMEQAVELCGRENEVKLLVERMMALQT

DIVDLQRSPMGRKQGGTLDDLEEQARELYRRLREKPRDQRTEGDSQEMVRLLLQAIQSFEKKVRVIYTQLSKTVVCKQ

KALELLPKVEEVVSLMNEDEKTVVRLQEKRQKELWNLLKIACSKVRGPVAGAPDAMNAARLAQPGQLMAQPATAA

NALPEPAKKAEELVAEAHNLCTLLENAIQDTVREQDQSFTALDWSWLQTEEEEHSCLEQAS 

Human constitutively active IKK beta (PEST mutation) P.4016 without epitope tag 

95 MERPPGLRPGAGGPWEMRERLGTGGFGNVSLYQHRELDLKIAIKSCRLELSSKNRERWCHEIQIMKKLDHANVVKA

CDVPEELNFLINDVPLLAMEYCSGGDLRKLLNKPENCCGLKESQILSLLSDIGSGIRYLHENKIIHRDLKPENIVLQDVGG

KTIHKIIDLGYAKDVDQGELCTEFVGTLQYLAPELFENKPYTATVDYWSFGTMVFECIAGYRPFLHHLQPFTWHEKIKK

KDPKCIFACEEMTGEVRFSSHLPQPNSLCSLIVEPMESWLQLMLNWDPQQRGGPIDLTLKQPRCFALMDHILNLKIV

HILNMTSAKIISFLLPCDESLHSLQSRIERETGINTGSQELLSETGISLDPRKPASQCVLDGVRGCDSYMVYLFDKSKTVYE

GPFASRSLSDCVNYIVQDSKIQLPIIQLRKVWAEAVHYVSGLKEDYSRLFQGQRAAMLSLLRYNANLTKMKNTLISASQ

QLKAKLEFFRKSIQLDLERYSEQMTYGISSEKMLKAWKEMEEKAIHYSEVGVIGYLEDQIMSLHTEIMELQKSPYGRRQ

GDLMESLEQRAIDLYKQLKHRPPDHLYSDSTEMVKIIVHTVQSQDRVLKELFGHLSKLLGCKQKIIDLLPKVEVALSNIKE

ADNTVMFMQGKRQKEIWHLLKIACTQAAARALVGAALEGAVAPPVAAWLPPALADREHPLTCVVAPQDGEALAQ

MIEENLNCLGHLAAIIREANEDQSSSLMSLDWSWLAE 

Mouse constitutively active IKK alpha (PEST mutation) P.4017 without epitope tag 
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96 MERPPGLRPGAGGPWEMRERLGTGGFGNVSLYQHRELDLKIAIKSCRLELSSKNRERWCHEIQIMKKLDHANVVKA

CDVPEELNFLINDVPLLAMEYCSGGDLRKLLNKPENCCGLKESQILSLLSDIGSGIRYLHENKIIHRDLKPENIVLQDVGG

KTIHKIIDLGYAKDVDQGELCTEFVGTLQYLAPELFENKPYTATVDYWSFGTMVFECIAGYRPFLHHLQPFTWHEKIKK

KDPKCIFACEEMTGEVRFSSHLPQPNSLCSLIVEPMESWLQLMLNWDPQQRGGPIDLTLKQPRCFALMDHILNLKIV

HILNMTSAKIISFLLPCDESLHSLQSRIERETGINTGSQELLSETGISLDPRKPASQCVLDGVRGCDSYMVYLFDKSKTVYE

GPFASRSLSDCVNYIVQDSKIQLPIIQLRKVWAEAVHYVSGLKEDYSRLFQGQRAAMLSLLRYNANLTKMKNTLISASQ

QLKAKLEFFRKSIQLDLERYSEQMTYGISSEKMLKAWKEMEEKAIHYSEVGVIGYLEDQIMSLHTEIMELQKSPYGRRQ

GDLMESLEQRAIDLYKQLKHRPPDHLYSDSTEMVKIIVHTVQSQDRVLKELFGHLSKLLGCKQKIIDLLPKVEVALSNIKE

ADNTVMFMQGKRQKEIWHLLKIACTQAAARALVGAALEGAVAPPVAAWLPPALADREHPLTCVVAPQDGEALAQ

MIEENLNCLGHLAAIIREANEDQSSSLMSLDWSWLAE 

Mouse constitutively active IKK alpha (PEST mutation) P.4018 without epitope tag 

97 MSWSPSLPTQTCGAWEMKERLGTGGFGNVIRWHNQATGEQIAIKQCRQELSPKNRNRWCLEIQIMRRLNHPNVV

AARDVPEGMQNLAPNDLPLLAMEYCQGGDLRRYLNQFENCCGLREGAVLTLLSDIASALRYLHENRIIHRDLKPENIV

LQQGEKRLIHKIIDLGYAKELDQGELCTEFVGTLQYLAPELLEQQKYTVTVDYWSFGTLAFECITGFRPFLPNWQPVQ

WHSKVRQKSEVDIVVSEDLNGAVKFSSSLPFPNNLNSVLAERLEKWLQLMLMWHPRQRGTDPQYGPNGCFRALDD

ILNLKLVHVLNMVTGTVHTYPVTEDESLQSLKTRIQENTGILETDQELLQKAGLVLLPDKPATQCISDSKTNEGLTLDM

DLVFLLDNSKINYETQITPRPPPESVSCILQEPKRNLSFFQLRKVWGQVWHSIQTLKEDCNRLQQGQRAAMMSLLRN

NSCLSKMKNAMASTAQQLKAKLDFFKTSIQIDLEKYKEQTEFGITSDKLLLAWREMEQAVEQCGRENDVKHLVERM

MALQTDIVDLQRSPMGRKQGGTLDDLEEQARELYRKLREKPRDQRTEGDSQEMVRLLLQAIQSFEKKVRVIYTQLSK

TVVCKQKALELLPKVEEVVSLMNEDERTVVRLQEKRQKELWNLLKIACSKVRGPVAGAPDAMNVARLAHPGQLMA

QPASACDALPESDKKAEELVAEAHALCSRLESALQDTVKEQDRSFTTLDWSWLQMEDEERCSLEQACD 

Mouse constitutively active IKK beta (PEST mutation) P.4019 without epitope tag 

98 MSWSPSLPTQTCGAWEMKERLGTGGFGNVIRWHNQATGEQIAIKQCRQELSPKNRNRWCLEIQIMRRLNHPNVV

AARDVPEGMQNLAPNDLPLLAMEYCQGGDLRRYLNQFENCCGLREGAVLTLLSDIASALRYLHENRIIHRDLKPENIV

LQQGEKRLIHKIIDLGYAKELDQGELCTEFVGTLQYLAPELLEQQKYTVTVDYWSFGTLAFECITGFRPFLPNWQPVQ

WHSKVRQKSEVDIVVSEDLNGAVKFSSSLPFPNNLNSVLAERLEKWLQLMLMWHPRQRGTDPQYGPNGCFRALDD

ILNLKLVHVLNMVTGTVHTYPVTEDESLQSLKTRIQENTGILETDQELLQKAGLVLLPDKPATQCISDSKTNEGLTLDM

DLVFLLDNSKINYETQITPRPPPESVSCILQEPKRNLSFFQLRKVWGQVWHSIQTLKEDCNRLQQGQRAAMMSLLRN

NSCLSKMKNAMASTAQQLKAKLDFFKTSIQIDLEKYKEQTEFGITSDKLLLAWREMEQAVEQCGRENDVKHLVERM

MALQTDIVDLQRSPMGRKQGGTLDDLEEQARELYRKLREKPRDQRTEGDSQEMVRLLLQAIQSFEKKVRVIYTQLSK

TVVCKQKALELLPKVEEVVSLMNEDERTVVRLQEKRQKELWNLLKIACSKVRGPVAGAPDAMNVARLAHPGQLMA

QPASACDALPESDKKAEELVAEAHALCSRLESALQDTVKEQDRSFTTLDWSWLQMEDEERCSLEQACD 

Mouse constitutively active IKK beta (PEST mutation) P.4020 without epitope tag 

99 MQPDMSLNVIKMKSSDFLESAELDSGGFGKVSLCFHRTQGLMIMKTVYKGPNCIEHNEALLEEAKMMNRLRHSRVV

KLLGVIIEEGKYSLVMEYMEKGNLMHVLKAEMSTPLSVKGRIILEIIEGMCYLHGKGVIHKDLKPENILVDNDFHIKIADL

GLASFKMWSKLNNEEHNELREVDGTAKKNGGTLYYMAPEHLNDVNAKPTEKSDVYSFAVVLWAIFANKEPYENAIC

EQQLIMCIKSGNRPDVDDITEYCPREIISLMKLCWEANPEARPTFPGIEEKFRPFYLSQLEESVEEDVKSLKKEYSNENAV

VKRMQSLQLDCVAVPSSRSNSATEQPGSLHSSQGLGMGPVEESWFAPSLEHPQEENEPSLQSKLQDEANYHLYGSR

MDRQTKQQPRQNVAYNREEERRRRVSHDPFAQQRPYENFQNTEGKGTAYSSAASHGNAVHQPSGLTSQPQVLYQ

NNGLYSSHGFGTRPLDPGTAGPRVWYRPIPSHMPSLHNIPVPETNYLGNTPTMPFSSLPPTDESIKYTIYNSTGIQIGA

YNYMEIGGTSSSGGIKKEIEAIKKEQEAIKKKIEAIEKEIEA  

(huRIPK1(1-555).IZ.TM; TH1021 without epitope tag) 

100 MQPDMSLNVIKMKSSDFLESAELDSGGFGKVSLCFHRTQGLMIMKTVYKGPNCIEHNEALLEEAKMMNRLRHSRVV

KLLGVIIEEGKYSLVMEYMEKGNLMHVLKAEMSTPLSVKGRIILEIIEGMCYLHGKGVIHKDLKPENILVDNDFHIKIADL

GLASFKMWSKLNNEEHNELREVDGTAKKNGGTLYYMAPEHLNDVNAKPTEKSDVYSFAVVLWAIFANKEPYENAIC

EQQLIMCIKSGNRPDVDDITEYCPREIISLMKLCWEANPEARPTFPGIEEKFRPFYLSQLEESVEEDVKSLKKEYSNENAV

VKRMQSLQLDCVAVPSSRSNSATEQPGSLHSSQGLGMGPVEESWFAPSLEHPQEENEPSLQSKLQDEANYHLYGSR

MDRQTKQQPRQNVAYNREEERRRRVSHDPFAQQRPYENFQNTEGKGTAYSSAASHGNAVHQPSGLTSQPQVLYQ

NNGLYSSHGFGTRPLDPGTAGPRVWYRPIPSHMPSLHNIPVPETNYLGNTPTMPFSSLPPTDESIKYTIYNSTGIQIGA

YNYMEIGGTSSSGSDGSGSGSGSITIRAAFLEKENTALRTEIAELEKEVGRCENIVSKYETRYGPL  

(huRIPK1(1-555).EE.DM; TH1022 without epitope tag) 

101 MQPDMSLNVIKMKSSDFLESAELDSGGFGKVSLCFHRTQGLMIMKTVYKGPNCIEHNEALLEEAKMMNRLRHSRVV

KLLGVIIEEGKYSLVMEYMEKGNLMHVLKAEMSTPLSVKGRIILEIIEGMCYLHGKGVIHKDLKPENILVDNDFHIKIADL

GLASFKMWSKLNNEEHNELREVDGTAKKNGGTLYYMAPEHLNDVNAKPTEKSDVYSFAVVLWAIFANKEPYENAIC

EQQLIMCIKSGNRPDVDDITEYCPREIISLMKLCWEANPEARPTFPGIEEKFRPFYLSQLEESVEEDVKSLKKEYSNENAV

VKRMQSLQLDCVAVPSSRSNSATEQPGSLHSSQGLGMGPVEESWFAPSLEHPQEENEPSLQSKLQDEANYHLYGSR
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MDRQTKQQPRQNVAYNREEERRRRVSHDPFAQQRPYENFQNTEGKGTAYSSAASHGNAVHQPSGLTSQPQVLYQ

NNGLYSSHGFGTRPLDPGTAGPRVWYRPIPSHMPSLHNIPVPETNYLGNTPTMPFSSLPPTDESIKYTIYNSTGIQIGA

YNYMEIGGTSSSGSDGSGSGSGSLEIRAAFLEKENTALRTRAAELRKRVGRCRNIVSKYETRYGPL 

(huRIPK1(1-555).RR.DM; TH1023 without epitope tag) 

102 MQPDMSLDNIKMASSDLLEKTDLDSGGFGKVSLCYHRSHGFVILKKVYTGPNRAEYNEVLLEEGKMMHRLRHSRVV

KLLGIIIEEGNYSLVMEYMEKGNLMHVLKTQIDVPLSLKGRIIVEAIEGMCYLHDKGVIHKDLKPENILVDRDFHIKIADL

GVASFKTWSKLTKEKDNKQKEVSSTTKKNNGGTLYYMAPEHLNDINAKPTEKSDVYSFGIVLWAIFAKKEPYENVICTE

QFVICIKSGNRPNVEEILEYCPREIISLMERCWQAIPEDRPTFLGIEEEFRPFYLSHFEEYVEEDVASLKKEYPDQSPVLQR

MFSLQHDCVPLPPSRSNSEQPGSLHSSQGLQMGPVEESWFSSSPEYPQDENDRSVQAKLQEEASYHAFGIFAEKQTK

PQPRQNEAYNREEERKRRVSHDPFAQQRARENIKSAGARGHSDPSTTSRGIAVQQLSWPATQTVWNNGLYNQHG

FGTTGTGVWYPPNLSQMYSTYKTPVPETNIPGSTPTMPYFSGPVADDLIKYTIFNSSGIQIGNHNYMDVGLNSQPPN

NTCKEESTSGGIKKEIEAIKKEQEAIKKKIEAIEKEIEA  

(msRIPK1(1-555).IZ.TM; TH1024 without epitope tag) 

103 MQPDMSLDNIKMASSDLLEKTDLDSGGFGKVSLCYHRSHGFVILKKVYTGPNRAEYNEVLLEEGKMMHRLRHSRVV

KLLGIIIEEGNYSLVMEYMEKGNLMHVLKTQIDVPLSLKGRIIVEAIEGMCYLHDKGVIHKDLKPENILVDRDFHIKIADL

GVASFKTWSKLTKEKDNKQKEVSSTTKKNNGGTLYYMAPEHLNDINAKPTEKSDVYSFGIVLWAIFAKKEPYENVICTE

QFVICIKSGNRPNVEEILEYCPREIISLMERCWQAIPEDRPTFLGIEEEFRPFYLSHFEEYVEEDVASLKKEYPDQSPVLQR

MFSLQHDCVPLPPSRSNSEQPGSLHSSQGLQMGPVEESWFSSSPEYPQDENDRSVQAKLQEEASYHAFGIFAEKQTK

PQPRQNEAYNREEERKRRVSHDPFAQQRARENIKSAGARGHSDPSTTSRGIAVQQLSWPATQTVWNNGLYNQHG

FGTTGTGVWYPPNLSQMYSTYKTPVPETNIPGSTPTMPYFSGPVADDLIKYTIFNSSGIQIGNHNYMDVGLNSQPPN

NTCKEESTSGSDGSGSGSGSITIRAAFLEKENTALRTEIAELEKEVGRCENIVSKYETRYGPL  

(msRIPK1(1-555).EE.DM; TH1025 without epitope tag) 

104 MQPDMSLDNIKMASSDLLEKTDLDSGGFGKVSLCYHRSHGFVILKKVYTGPNRAEYNEVLLEEGKMMHRLRHSRVV

KLLGIIIEEGNYSLVMEYMEKGNLMHVLKTQIDVPLSLKGRIIVEAIEGMCYLHDKGVIHKDLKPENILVDRDFHIKIADL

GVASFKTWSKLTKEKDNKQKEVSSTTKKNNGGTLYYMAPEHLNDINAKPTEKSDVYSFGIVLWAIFAKKEPYENVICTE

QFVICIKSGNRPNVEEILEYCPREIISLMERCWQAIPEDRPTFLGIEEEFRPFYLSHFEEYVEEDVASLKKEYPDQSPVLQR

MFSLQHDCVPLPPSRSNSEQPGSLHSSQGLQMGPVEESWFSSSPEYPQDENDRSVQAKLQEEASYHAFGIFAEKQTK

PQPRQNEAYNREEERKRRVSHDPFAQQRARENIKSAGARGHSDPSTTSRGIAVQQLSWPATQTVWNNGLYNQHG

FGTTGTGVWYPPNLSQMYSTYKTPVPETNIPGSTPTMPYFSGPVADDLIKYTIFNSSGIQIGNHNYMDVGLNSQPPN

NTCKEESTSGSDGSGSGSGSLEIRAAFLEKENTALRTRAAELRKRVGRCRNIVSKYETRYGPL  

(msRIPK1(1-555).RR.DM; TH1026 without epitope tag) 

105 MSTASAASSSSSSSAGEMIEAPSQVLNFEEIDYKEIEVEEVVGRGAFGVVCKAKWRAKDVAIKQIESESERKAFIVELRQ

LSRVNHPNIVKLYGACLNPVCLVMEYAEGGSLYNVLHGAEPLPYYTAAHAMSWCLQCSQGVAYLHSMQPKALIHRD

LKPPNLLLVAGGTVLKICDFGTACDIQTHMTNNKGSAAWMAPEVFEGSNYSEKCDVFSWGIILWEVITRRKPFDEIG

GPAFRIMWAVHNGTRPPLIKNLPKPIESLMTRCWSKDPSQRPSMEEIVKIMTHLMRYFPGADEPLQYPCQEFGGGG

GQSPTLTLQSTNTHTQSSSSSSDGGLFRSRPAHSLPPGEDGRVEPYVDFAEFYRLWSVDHGEQSVVTAP 

(human TAK1-TAB1; P4031 without epitope tag) 

106 MAALKSWLSRSVTSFFRYRQCLCVPVVANFKKRCFSELIRPWHKTVTIGFGVTLCAVPIAQKSEPHSLSSEALMRRAVS

LVTDSTSTFLSQTTYALIEAITEYTKAVYTLTSLYRQYTSLLGKMNSEEEDEVWQVIIGARAEMTSKHQEYLKLETTWMT

AVGLSEMAAEAAYQTGADQASITARNHIQLVKLQVEEVHQLSRKAETKLAEAQIEELRQKTQEEGEERAESEQEAYLR

ED  

(Diablo.1; without epitope tag) 

107 MAALKSWLSRSVTSFFRYRQCLCVPVVANFKKRCFSELIRPWHKTVTIGFGVTLCAVPIAQKSEPHSLSSEALMRRAVS

LVTDSTSTFLSQTTYALIEAITEYTKAVYTLTSLYRQYTSLLGKMNLEEEDEVWQVIIGARAEMTSKHQEYLKLETTWMT

AVGLSEMAAEAAYQTGADQASITARNHIQLVKLQVEEVHQLSRKAETKLAEAQIEELRQKTQEEGEERAESEQEAYLR

ED 

(Diablo.1(S126L); without epitope tag) 

108 MAVPIAQKSEPHSLSSEALMRRAVSLVTDSTSTFLSQTTYALIEAITEYTKAVYTLTSLYRQYTSLLGKMNSEEEDEVWQ

VIIGARAEMTSKHQEYLKLETTWMTAVGLSEMAAEAAYQTGADQASITARNHIQLVKLQVEEVHQLSRKAETKLAEA

QIEELRQKTQEEGEERAESEQEAYLRED  

(Diablo.1(56-239); without epitope tag) 

109 MAVPIAQKSEPHSLSSEALMRRAVSLVTDSTSTFLSQTTYALIEAITEYTKAVYTLTSLYRQYTSLLGKMNLEEEDEVWQ

VIIGARAEMTSKHQEYLKLETTWMTAVGLSEMAAEAAYQTGADQASITARNHIQLVKLQVEEVHQLSRKAETKLAEA

QIEELRQKTQEEGEERAESEQEAYLRED  

(Diablo.1(56-239/S126L); without epitope tag) 
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110 MAALKSWLSRSVTSFFRYRQCLCVPVVANFKKRCFSELIRPWHKTVTIGFGVTLCAVPIAQAVYTLTSLYRQYTSLLGK

MNSEEEDEVWQVIIGARAEMTSKHQEYLKLETTWMTAVGLSEMAAEAAYQTGADQASITARNHIQLVKLQVEEVH

QLSRKAETKLAEAQIEELRQKTQEEGEERAESEQEAYLRED 

(Diablo.3; TH2003 without epitope tag) 

111 MAALKSWLSRSVTSFFRYRQCLCVPVVANFKKRCFSELIRPWHKTVTIGFGVTLCAVPIAQAVYTLTSLYRQYTSLLGK

MNLEEEDEVWQVIIGARAEMTSKHQEYLKLETTWMTAVGLSEMAAEAAYQTGADQASITARNHIQLVKLQVEEVH

QLSRKAETKLAEAQIEELRQKTQEEGEERAESEQEAYLRED  

(Diablo.3(S82L); TH2001 without epitope tag) 

112 MAVPIAQAVYTLTSLYRQYTSLLGKMNSEEEDEVWQVIIGARAEMTSKHQEYLKLETTWMTAVGLSEMAAEAAYQT

GADQASITARNHIQLVKLQVEEVHQLSRKAETKLAEAQIEELRQKTQEEGEERAESEQEAYLRED 

(Diablo.3(56-195); TH2002 without epitope tag) 

113 MAVPIAQAVYTLTSLYRQYTSLLGKMNLEEEDEVWQVIIGARAEMTSKHQEYLKLETTWMTAVGLSEMAAEAAYQT

GADQASITARNHIQLVKLQVEEVHQLSRKAETKLAEAQIEELRQKTQEEGEERAESEQEAYLRED 

(Diablo.3(56-195/S82L); without epitope tag) 

114 MAAVILESIFLKRSQQKKKTSPLNFKKRLFLLTVHKLSYYKYDFERGRRGSKKGSIDVEKITCVETVVPEKNPPPERQIPRR

GEESSEMEQISIIERFPYPFQVVYDEGPLYVFSPTEELRKRWIHQLKNVIRYNSDLVQKYHPCFWIDGQYLCCSQTAKN

AMGCQILENRNGSLKPGSSHRKTKKPLPPTPEEDQILKKPLPPEPAAAPVSTSELKKVVALYDYMPMNANDLQLRKG

DEYFILEESNLPWWRARDKNGQEGYIPSNYVTEAEDSIEMYEWYSKHMTRSQAEQLLKQEGKEGGFIVRDSSKAGKY

TVSVFAKSTGDPQGVIRHYVVCSTPQSQYYLAEKHLFSTIPELINYHQHNSAGLISRLKYPVSQQNKNAPSTAGLGYGS

WEIDPKDLTFLKELGTGQFGVVKYGKWRGQYDVAIKMIKEGSMSEDEFIEEAKVMMNLSHEKLVQLYGVCTKQRPIF

IITEYMANGCLLNYLREMRHRFQTQQLLEMCKDVCEAMEYLESKQFLHRDLAARNCLVNDQGVVKVSDFGLSRYVL

DDEYTSSVGSKFPVRWSPPEVLMYSKFSSKSDIWAFGVLMWEIYSLGKMPYERFTNSETAEHIAQGLRLYRPHLASEK

VYTIMYSCWHEKADERPTFKILLSNILDVMDEES 

(Btk(E41K); P4029 without epitope tag) 

115 MVTHSKFPAAGMSRPLDTSLRLKTFSSKSEYQLVVNAVRKLQESGFYWSAVTGGEANLLLSAEPAGTFLIRDSSDQRH

FFTLSVKTQSGTKNLRIQCEGGSFSLQSDPRSTQPVPRFDCVLKLVHHYMPPPGAPSFPSPPTEPSSEVPEQPSAQPLP

GSPPRRAYYIYSGGEKIPLVLSRPLSSNVATLQHLCRKTVNGHLDSYEKVTQLPGPIREFLDQYDAPL 

(SOCS3; P4030 without epitope tag) 

116 MRMKQIEDKIEEILSKIYHIENEIARIKKLIGEADQTSGNYLNMQDSQGVLSSFPAPQAVQDNPAMPTSSGSEGNVKL

CSLEEAQRIWKQKSAEIYPIMDKSSRTRLALIICNEEFDSIPRRTGAEVDITGMTMLLQNLGYSVDVKKNLTASDMTTEL

EAFAHRPEHKTSDSTFLVFMSHGIREGICGKKHSEQVPDILQLNAIFNMLNTKNCPSLKDKPKVIIIQACRGDSPGVVW

FKDSVGVSGNLSLPTTEEFEDDAIKKAHIEKDFIAFCSSTPDNVSWRHPTMGSVFIGRLIEHMQEYACSCDVEEIFRKVR

FSFEQPDGRAQMPTTERVTLTRCFYLFPGH 

(IZ_hsCASP1 (self-activating human Caspase 1); P2024 without epitope tag) 

117 MRMKQLEDKIEELLSKIYHLENEIARLKKLIGEADQTSGNYLNMQDSQGVLSSFPAPQAVQDNPAMPTSSGSEGNVK

LCSLEEAQRIWKQKSAEIYPIMDKSSRTRLALIICNEEFDSIPRRTGAEVDITGMTMLLQNLGYSVDVKKNLTASDMTTE

LEAFAHRPEHKTSDSTFLVFMSHGIREGICGKKHSEQVPDILQLNAIFNMLNTKNCPSLKDKPKVIIIQACRGDSPGVV

WFKDSVGVSGNLSLPTTEEFEDDAIKKAHIEKDFIAFCSSTPDNVSWRHPTMGSVFIGRLIEHMQEYACSCDVEEIFRK

VRFSFEQPDGRAQMPTTERVTLTRCFYLFPGH 

(DM_hsCASP1 (self-activating human Caspase 1); P2025 without epitope tag) 

118 MRMKQIEDKIEEILSKIYHIENEIARIKKLIGERSAPSAETFVATEDSKGGHPSSSETKEEQNKEDGTFPGLTGTLKFCPLE

KAQKLWKENPSEIYPIMNTTTRTRLALIICNTEFQHLSPRVGAQVDLREMKLLLEDLGYTVKVKENLTALEMVKEVKEF

AACPEHKTSDSTFLVFMSHGIQEGICGTTYSNEVSDILKVDTIFQMMNTLKCPSLKDKPKVIIIQACRGEKQGVVLLKDS

VRDSEEDFLTDAIFEDDGIKKAHIEKDFIAFCSSTPDNVSWRHPVRGSLFIESLIKHMKEYAWSCDLEDIFRKVRFSFEQP

EFRLQMPTADRVTLTKRFYLFPGH 

(IZ_mmCASP1 (self-activating mouse Caspase 1); P2026 without epitope tag) 

119 MRMKQLEDKIEELLSKIYHLENEIARLKKLIGERSAPSAETFVATEDSKGGHPSSSETKEEQNKEDGTFPGLTGTLKFCPL

EKAQKLWKENPSEIYPIMNTTTRTRLALIICNTEFQHLSPRVGAQVDLREMKLLLEDLGYTVKVKENLTALEMVKEVKE

FAACPEHKTSDSTFLVFMSHGIQEGICGTTYSNEVSDILKVDTIFQMMNTLKCPSLKDKPKVIIIQACRGEKQGVVLLKD

SVRDSEEDFLTDAIFEDDGIKKAHIEKDFIAFCSSTPDNVSWRHPVRGSLFIESLIKHMKEYAWSCDLEDIFRKVRFSFEQ

PEFRLQMPTADRVTLTKRFYLFPGH 

(DM_mmCASP1 (self-activating mouse Caspase 1); P2027 without epitope tag) 

120 MHHHHHHHHHHGKPIPNPLLGLDSTGIPVHLELASMTNMELMSSIVHQQVFPTEAGQSLVISASIIVFNLLELEGDYR

GRVLELFRAAQLANDVVLQIMELCGATR  

(ADR concatemer with HIS tag) 

121 VVGADGVGK 
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(KRAS G12D 9mer) 

122 VVGAVGVGK 

(KRAS G12V 9mer) 

123 VGAGDVGKS 

(KRAS G13D 9mer) 

124 VVGACGVGK 

(KRAS G12C 9mer) 

125 MKLVVVGACGVGKSA 

(KRAS G12C 15mer) 

126 ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCCGACGGCGTGGGCAAGAGCGCCCTGACCATCCAGCTGATCC

AG 

(KRAS G12D 25mer nucleotide sequence) 

127 ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCCGTGGGCGTGGGCAAGAGCGCCCTGACCATCCAGCTGATCC

AG 

(KRAS G12V 25mer nucleotide sequence) 

128 ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCCGGCGACGTGGGCAAGAGCGCCCTGACCATCCAGCTGATCC

AG 

(KRAS G13D 25mer nucleotide sequence) 

129 ATGACCGAGTACAAGTTAGTGGTTGTGGGCGCCGACGGCGTGGGCAAGAGCGCCCTCACCATCCAGCTTATCCA

GATGACGGAATATAAGTTAGTAGTAGTGGGAGCCGACGGTGTCGGCAAGTCCGCTTTGACCATTCAACTTATTC

AGATGACAGAGTATAAGCTGGTCGTTGTAGGCGCAGACGGCGTTGGAAAGTCGGCACTGACGATCCAGTTGAT

CCAG 

(KRAS G12D 25mer^3 nucleotide sequence) 

130 ATGACCGAGTACAAGCTCGTCGTGGTGGGCGCCGTGGGCGTGGGCAAGAGCGCCCTAACCATCCAGTTGATCC

AGATGACCGAATATAAGCTCGTGGTAGTCGGAGCGGTGGGCGTTGGCAAGTCAGCGCTAACAATACAACTAAT

CCAAATGACCGAATACAAGCTAGTTGTAGTCGGTGCCGTCGGCGTTGGAAAGTCAGCCCTTACAATTCAGCTCAT

TCAG 

(KRAS G12V 25mer^3 nucleotide sequence) 

131 ATGACCGAGTACAAGCTCGTAGTGGTTGGCGCCGGCGACGTGGGCAAGAGCGCCCTAACCATCCAGCTCATCCA

GATGACAGAATATAAGCTTGTGGTTGTGGGAGCAGGAGACGTGGGAAAGAGTGCGTTGACGATTCAACTCATA

CAGATGACCGAATACAAGTTGGTGGTGGTCGGCGCAGGTGACGTTGGTAAGTCTGCACTAACTATACAACTGAT

CCAG 

(KRAS G13D 25mer^3 nucleotide sequence) 

132 ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCCTGCGGCGTGGGCAAGAGCGCCCTGACCATCCAGCTGATCC

AG 

(KRAS G12C 25mer nucleotide sequence) 

  

133 ATGACCGAGTACAAGCTGGTGGTGGTGGGCGCCGGCGGCGTGGGCAAGAGCGCCCTGACCATCCAGCTGATCC

AG 

(KRAS WT 25mer nucleotide sequence) 

134 GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGAGCCACC 
(5’ UTR sequence; no promoter) 

135 MTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQ 

(KRAS(G12D G12V G13D) 75mer “3MUT” aa. seq) 

136 ATGACCGAGTACAAGCTCGTTGTAGTCGGCGCCGACGGCGTGGGCAAGAGCGCCTTGACCATCCAGTTGATCCA

GATGACCGAATATAAGTTGGTGGTGGTAGGCGCAGTGGGAGTTGGCAAGTCAGCACTCACAATTCAGCTCATTC

AAATGACAGAATACAAGTTAGTCGTTGTAGGAGCAGGCGACGTCGGCAAGAGTGCCTTAACCATTCAACTAATC

CAG 

(KRAS(G12D G12V G13D) 75mer “3MUT” nt. seq) 

137 MTEYKLVVVGADGVGKSALTIQLIQMTEYKLVVVGAVGVGKSALTIQLIQMTEYKLVVVGAGDVGKSALTIQLIQMTE

YKLVVVGACGVGKSALTIQLIQ 

(KRAS(G12D G12V G13D G12C) 100mer “4MUT” aa. seq) 

138 ATGACCGAGTACAAGCTCGTGGTCGTCGGCGCCGACGGGGTAGGCAAGTCCGCTCTGACCATTCAGCTCATCCA

GATGACGGAGTACAAACTCGTGGTAGTGGGAGCCGTGGGTGTGGGCAAGAGCGCGCTCACCATCCAACTCATC

CAAATGACCGAATATAAACTCGTCGTGGTGGGAGCCGGCGACGTGGGAAAGAGCGCCCTTACCATCCAGTTAAT



  MDN-015PC 

342 

CCAGATGACAGAATACAAGCTGGTGGTGGTCGGTGCCTGCGGCGTGGGTAAGTCCGCCCTGACAATCCAGCTG

ATCCAG 

(KRAS(G12D G12V G13D G12C) 100mer “4MUT” nt. seq) 

139 ATGCCCCACAGTAGCCTCCACCCCAGCATCCCCTGCCCCAGAGGCCACGGCGCACAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGTCTGGTGACCCTGTGGGGTCTGGGCGAGCCCCCCGAGCACACCCTGCGGTACCTCGTGCTGC

ATCTGGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAAGAGCTGAGACACATCCAC

AGCAGATACAGAGGCTCCTACTGGAGAACCGTCAGAGCCTGCCTCGGCTGTCCCCTGAGAAGAGGCGCCCTGCT

GCTCCTGAGCATCTACTTCTACTACAGCCTGCCCAACGCCGTGGGCCCCCCCTTCACCTGGATGCTGGCCCTGCTG

GGCCTGAGCCAGGCCCTGAACATCCTGCTGGGCCTGAAGGGCTTGGCCCCCGCCGAGATCTCCGCCGTGTGCGA

GAAGGGCAACTTCAACATGGCCCATGGCCTTGCCTGGTCCTACTACATCGGCTACCTGAGACTGATCCTGCCCGA

GCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAAAGACTGT

ACATCCTGCTGCCCCTGGACTGCGGCGTGCCCGACAACCTTAGCATGGCCGACCCCAACATCAGATTCCTGGACA

AGCTGCCCCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTACGAGCTGCT

GGAGAACGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCCCTGCAGACCCTGTTCGCCATGAGC

CAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACAGACTGGAGCAAGCCAAGCTGTTCTGCAGAACCCTGGAGG

ACATCCTGGCGGACGCCCCCGAGAGCCAAAACAACTGCAGACTGATCGCCTACCAGGAGCCCGCCGACGACAG

CAGCTTCAGCCTGAGCCAGGAAGTGCTGAGACACCTGAGACAGGAAGAGAAGGAGGAGGTGACCGTGGGAAG

CCTGAAGACCAGCGCCGTGCCCAGCACCAGCACCATGAGCCAGGAGCCCGAGCTGCTGATCAGCGGCATGGAG

AAGCCCCTGCCCCTGAGAACCGACTTCAGC 

 (huSTING(V155M); no epitope tag; nucleotide sequence) 

140 ATGCCTCACAGCAGCCTGCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGCCTGGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATACCTGGTGCTGC

ACCTGGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCA

CAGCAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCCTGCCTGGGCTGCCCTCTGAGAAGAGGCGCCCTG

CTGCTGCTGAGCATCTACTTCTACTACAGCCTGCCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCCTGC

TGGGCCTGAGCCAGGCCCTGAACATCCTGCTGGGCCTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCGTGTG

CGAGAAGGGCAACTTCAACGTGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGC

CTGAGCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAG

ACTGTACATCCTGCTGCCTCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCT

GGACAAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTACGAG

CTGCTGGAGAACGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCAT

GAGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACACCCTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTG

GAGGACATCCTGGCCGACGCCCCTGAGAGCCAGAACAACTGCAGACTGATCGCCTACCAGGAGCCTGCCGACG

ACAGCAGCTTCAGCCTGAGCCAGGAGGTGCTGAGACACCTGAGACAGGAGGAGAAGGAGGAGGTGACCGTGG

GCAGCCTGAAGACCAGCGCCGTGCCTAGCACCAGCACCATGAGCCAGGAGCCTGAGCTGCTGATCAGCGGCAT

GGAGAAGCCTCTGCCTCTGAGAACCGACTTCAGC 

 (Hu STING(R284T); no epitope tag; nucleotide sequence) 

141 ATGCCCCACAGCAGCCTGCACCCCTCCATCCCCTGTCCCAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGCCTGGTGACCTTATGGGGCCTGGGCGAGCCCCCCGAGCACACCCTGAGATACCTGGTCCTGC

ACCTGGCCAGCCTCCAGCTGGGCCTGCTGCTCAACGGCGTGTGTAGCCTGGCCGAGGAGCTGAGACACATCCAC

AGCAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCCTGCCTGGGTTGCCCACTGAGAAGAGGAGCTCTGC

TGCTGCTGAGCATCTACTTCTACTACTCGCTGCCCAACGCTGTGGGCCCCCCCTTCACCTGGATGCTGGCCCTGCT

GGGTCTGAGCCAGGCCCTGAACATCCTCCTGGGCCTGAAGGGCCTGGCCCCCGCCGAGATAAGCGCCGTTTGCG

AGAAGGGCAACTTCAACGTGGCCCATGGCCTGGCCTGGAGCTACTACATCGGCTACTTACGCCTGATCCTGCCC

GAGCTGCAGGCCAGAATCAGAACCTACAACCAGCATTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAGAC

TGTATATCCTGCTGCCCCTGGACTGCGGCGTGCCCGACAACCTGAGCATGGCCGACCCCAACATCAGATTCCTGG

ACAAGCTCCCCCAGCAGACCGGCGACCACGCCGGAATCAAAGACAGAGTGTATAGCAACAGCATCTACGAGCT

GCTGGAGAACGGCCAGAGAGCCGGCACCTGCGTACTGGAGTACGCCACCCCCTTGCAGACCCTGTTTGCCATGA

GCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACATGCTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTGGA

GGACATCCTGGCCGACGCCCCCGAGAGCCAGAACAACTGCAGACTGATCGCCTACCAAGAGCCCGCCGACGAC

AGCAGCTTCAGCTTAAGCCAGGAGGTGCTGAGACATCTGAGACAGGAGGAGAAGGAGGAGGTGACCGTGGGC

AGCCTCAAGACCAGCGCTGTGCCCTCTACCAGCACCATGAGCCAGGAGCCCGAGCTGCTGATCAGCGGCATGGA

GAAGCCCCTGCCCCTGAGAACAGACTTCAGC 

 (hu STING (R284M); no epitope tag; nucleotide sequence) 

142 ATGCCCCATAGCAGCCTGCACCCCAGCATCCCCTGCCCCAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTCCT

GCTGAGCGCATGCCTGGTCACCCTGTGGGGCCTGGGCGAGCCCCCCGAGCACACCCTGAGATACCTGGTGCTGC
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ACCTCGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCAC

AGCAGATATAGAGGCAGCTACTGGAGAACCGTGAGAGCTTGCCTCGGCTGCCCCCTGAGAAGAGGCGCCCTGC

TGCTGCTGAGCATCTACTTTTACTACAGCCTGCCCAACGCTGTGGGCCCCCCTTTCACGTGGATGCTCGCCCTGCT

GGGACTGAGCCAGGCCCTGAACATCCTGCTGGGCCTTAAGGGCCTAGCCCCCGCCGAGATCAGCGCCGTGTGC

GAGAAGGGCAACTTCAATGTGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCC

CGAGCTGCAGGCCAGAATCAGAACCTACAATCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAGA

CTGTACATCCTGCTGCCCCTGGACTGCGGCGTGCCCGACAACCTCAGCATGGCCGACCCCAACATCAGATTCCTG

GACAAGCTGCCCCAGCAGACCGGCGACCACGCCGGCATCAAGGATCGCGTGTACAGCAACAGCATCTACGAGC

TGCTGGAAAACGGCCAGAGAGCCGGAACCTGCGTGCTGGAGTACGCCACACCCCTGCAGACCCTGTTCGCCATG

AGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACAAGCTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTGG

AGGATATCCTCGCCGACGCCCCCGAGAGCCAGAACAACTGCAGGCTGATCGCGTACCAGGAGCCCGCTGACGA

CAGCAGCTTTAGCCTGAGCCAGGAGGTGCTGAGACATCTGCGTCAAGAGGAAAAGGAGGAGGTGACCGTGGG

CTCCCTGAAGACCAGCGCCGTGCCCAGCACCAGCACCATGAGCCAGGAGCCCGAGCTGCTGATCAGCGGCATG

GAGAAGCCACTGCCCCTCAGAACCGACTTCAGC 

 (Hu STING (R284K); no epitope tag; nucleotide sequence) 

143 ATGCCTCACAGCAGCCTGCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGCCTGGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATACCTGGTGCTGC

ACCTGGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCA

CAGCAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCCTGCCTGGGCTGCCCTCTGAGAAGAGGCGCCCTG

CTGCTGCTGAGCATCTACTTCTACTACAGCCTGCCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCCTGC

TGGGCCTGAGCCAGGCCCTGAACATCCTGCTGGGCCTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCGTGTG

CGAGAAGGGCAACTTCAGCGTGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGC

CTGAGCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAG

ACTGTACATCCTGCTGCCTCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCT

GGACAAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTACGAG

CTGCTGGAGAACGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCAT

GAGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTG

GAGGACATCCTGGCCGACGCCCCTGAGAGCCAGAACAACTGCAGACTGATCGCCTACCAGGAGCCTGCCGACG

ACAGCAGCTTCAGCCTGAGCCAGGAGGTGCTGAGACACCTGAGACAGGAGGAGAAGGAGGAGGTGACCGTGG

GCAGCCTGAAGACCAGCGCCGTGCCTAGCACCAGCACCATGAGCCAGGAGCCTGAGCTGCTGATCAGCGGCAT

GGAGAAGCCTCTGCCTCTGAGAACCGACTTCAGC 

 (Hu STING(N154S); no epitope tag; nucleotide sequence) 

144 ATGCCTCACAGCAGCCTGCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGCCTGGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATACCTGGTGCTGC

ACCTGGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCA

CAGCAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCCTGCCTGGGCTGCCCTCTGAGAAGAGGCGCCCTG

CTGCTGCTGAGCATCTACTTCTACTACAGCCTGCCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCCTGC

TGGGCCTGAGCCAGGCCCTGAACATCCTGCTGGGCCTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCCTGTGC

GAGAAGGGCAACTTCAACGTGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCC

TGAGCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAGA

CTGTACATCCTGCTGCCTCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCTG

GACAAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTACGAGC

TGCTGGAGAACGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCATG

AGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTGG

AGGACATCCTGGCCGACGCCCCTGAGAGCCAGAACAACTGCAGACTGATCGCCTACCAGGAGCCTGCCGACGA

CAGCAGCTTCAGCCTGAGCCAGGAGGTGCTGAGACACCTGAGACAGGAGGAGAAGGAGGAGGTGACCGTGGG

CAGCCTGAAGACCAGCGCCGTGCCTAGCACCAGCACCATGAGCCAGGAGCCTGAGCTGCTGATCAGCGGCATG

GAGAAGCCTCTGCCTCTGAGAACCGACTTCAGC 

 (Hu STING(V147L); no epitope tag; nucleotide sequence) 

145 ATGCCTCACAGCAGCCTGCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGCCTGGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATACCTGGTGCTGC

ACCTGGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCA

CAGCAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCCTGCCTGGGCTGCCCTCTGAGAAGAGGCGCCCTG

CTGCTGCTGAGCATCTACTTCTACTACAGCCTGCCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCCTGC

TGGGCCTGAGCCAGGCCCTGAACATCCTGCTGGGCCTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCGTGTG

CGAGAAGGGCAACTTCAACGTGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGC
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CTGAGCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAG

ACTGTACATCCTGCTGCCTCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCT

GGACAAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTACGAG

CTGCTGGAGAACGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCAT

GAGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTG

GAGGACATCCTGGCCGACGCCCCTGAGAGCCAGAACAACTGCAGACTGATCGCCTACCAGCAGCCTGCCGACG

ACAGCAGCTTCAGCCTGAGCCAGGAGGTGCTGAGACACCTGAGACAGGAGGAGAAGGAGGAGGTGACCGTGG

GCAGCCTGAAGACCAGCGCCGTGCCTAGCACCAGCACCATGAGCCAGGAGCCTGAGCTGCTGATCAGCGGCAT

GGAGAAGCCTCTGCCTCTGAGAACCGACTTCAGC 

 (Hu STING (E315Q); no epitope tag; nucleotide sequence) 

146 ATGCCTCACAGCAGCCTGCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGCCTGGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATACCTGGTGCTGC

ACCTGGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCA

CAGCAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCCTGCCTGGGCTGCCCTCTGAGAAGAGGCGCCCTG

CTGCTGCTGAGCATCTACTTCTACTACAGCCTGCCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCCTGC

TGGGCCTGAGCCAGGCCCTGAACATCCTGCTGGGCCTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCGTGTG

CGAGAAGGGCAACTTCAACGTGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGC

CTGAGCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAG

ACTGTACATCCTGCTGCCTCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCT

GGACAAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTACGAG

CTGCTGGAGAACGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCAT

GAGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTG

GAGGACATCCTGGCCGACGCCCCTGAGAGCCAGAACAACTGCAGACTGATCGCCTACCAGGAGCCTGCCGACG

ACAGCAGCTTCAGCCTGAGCCAGGAGGTGCTGAGACACCTGAGACAGGAGGAGAAGGAGGAGGTGACCGTGG

GCAGCCTGAAGACCAGCGCCGTGCCTAGCACCAGCACCATGAGCCAGGAGCCTGAGCTGCTGATCAGCGGCAT

GGAGAAGCCTCTGCCTCTGGCCACCGACTTCAGC 

 (Hu STING (R375A); no epitope tag; nucleotide sequence) 

147 ATGCCTCACAGCAGCCTGCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGCCTGGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATACCTGGTGCTGC

ACCTGGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCA

CAGCAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCCTGCCTGGGCTGCCCTCTGAGAAGAGGCGCCCTG

CTGCTGCTGAGCATCTACTTCTACTACAGCCTGCCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCCTGC

TGGGCCTGAGCCAGGCCCTGAACATCCTGCTGGGCCTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCCTGTGC

GAGAAGGGCAACTTCAGCATGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCC

TGAGCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAGA

CTGTACATCCTGCTGCCTCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCTG

GACAAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTACGAGC

TGCTGGAGAACGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCATG

AGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTGG

AGGACATCCTGGCCGACGCCCCTGAGAGCCAGAACAACTGCAGACTGATCGCCTACCAGGAGCCTGCCGACGA

CAGCAGCTTCAGCCTGAGCCAGGAGGTGCTGAGACACCTGAGACAGGAGGAGAAGGAGGAGGTGACCGTGGG

CAGCCTGAAGACCAGCGCCGTGCCTAGCACCAGCACCATGAGCCAGGAGCCTGAGCTGCTGATCAGCGGCATG

GAGAAGCCTCTGCCTCTGAGAACCGACTTCAGC 
 (Hu STING(V147L/N154S/V155M); no epitope tag; nucleotide sequence) 

148 ATGCCTCACAGCAGCCTGCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCT

GCTGAGCGCCTGCCTGGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATACCTGGTGCTGC

ACCTGGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCA

CAGCAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCCTGCCTGGGCTGCCCTCTGAGAAGAGGCGCCCTG

CTGCTGCTGAGCATCTACTTCTACTACAGCCTGCCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCCTGC

TGGGCCTGAGCCAGGCCCTGAACATCCTGCTGGGCCTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCCTGTGC

GAGAAGGGCAACTTCAGCATGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCC

TGAGCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAGA

CTGTACATCCTGCTGCCTCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCTG

GACAAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTACGAGC

TGCTGGAGAACGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCATG

AGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACATGCTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTGG
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AGGACATCCTGGCCGACGCCCCTGAGAGCCAGAACAACTGCAGACTGATCGCCTACCAGGAGCCTGCCGACGA

CAGCAGCTTCAGCCTGAGCCAGGAGGTGCTGAGACACCTGAGACAGGAGGAGAAGGAGGAGGTGACCGTGGG

CAGCCTGAAGACCAGCGCCGTGCCTAGCACCAGCACCATGAGCCAGGAGCCTGAGCTGCTGATCAGCGGCATG

GAGAAGCCTCTGCCTCTGAGAACCGACTTCAGC 
 (Hu STING(R284M/V147L/N154S/V155M); no epitope tag; nucleotide sequence) 

149 TGATAATAGGCTGGAGCCTCGGTGGCCTAGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGC

ACCCGTACCCCCCAAACACCATTGTCACACTCCAGTGGTCTTTGAATAAAGTCTGAGTGGGCGGC 

(3’ UTR used in STING V155M construct, containing miR122 binding site) 

150 ATGGAGACCCCCAAGCCTAGAATCCTGCCCTGGCTGGTGAGCCAGCTGGACCTGGGCCAGCTGGAGGGCGTAG

CCTGGCTGGACGAGAGCAGAACCAGATTCAGAATCCCCTGGAAGCACGGCCTGAGACAAGACGCCCAGATGGC

CGACTTCGGCATCTTCCAGGCCTGGGCCGAGGCCAGCGGCGCCTACACCCCTGGCAAGGATAAGCCCGATGTGA

GCACCTGGAAGAGAAACTTCAGAAGCGCCCTGAACAGAAAGGAGGTGCTGAGACTGGCCGCCGACAATAGCAA

GGACCCCTACGACCCCCACAAGGTGTACGAGTTCGTTACCCCCGGCGCCAGGGACTTCGTGCACCTGGGCGCCA

GCCCCGACACCAACGGCAAGAGCAGCCTGCCCCACAGCCAGGAGAACCTGCCCAAGCTGTTCGATGGCCTGATC

CTGGGCCCCCTGAAGGACGAGGGCAGCAGCGACCTGGCCATCGTGAGCGACCCTAGCCAGCAGCTGCCCTCCC

CCAACGTGAACAACTTCCTGAACCCCGCCCCCCAGGAGAACCCCCTGAAGCAACTGCTGGCCGAGGAGCAGTGG

GAGTTCGAGGTGACCGCCTTCTACAGAGGCAGACAGGTGTTCCAGCAGACCCTGTTCTGCCCCGGCGGCCTGAG

ACTGGTAGGCAGCACCGCTGACATGACCCTGCCCTGGCAGCCCGTGACCCTGCCCGACCCCGAAGGCTTTCTGA

CCGACAAGCTGGTGAAGGAGTACGTCGGCCAAGTGCTGAAGGGCCTGGGCAACGGCCTGGCCCTGTGGCAGG

CCGGCCAGTGCCTGTGGGCCCAGAGACTCGGCCACAGCCACGCCTTCTGGGCCCTGGGCGAGGAACTCCTGCCC

GATAGCGGCAGAGGCCCCGACGGCGAGGTGCACAAGGACAAGGACGGCGCCGTGTTCGACCTGCGCCCCTTCG

TGGCCGACCTGATCGCCTTCATGGAGGGCAGCGGCCACAGCCCCAGATATACCCTGTGGTTCTGCATGGGCGAG

ATGTGGCCCCAGGACCAGCCCTGGGTGAAGAGACTGGTGATGGTGAAGGTGGTGCCCACCTGCCTGAAAGAGC

TGCTGGAGATGGCCAGAGAGGGCGGCGCCAGCTCCCTGAAAACCGTGGACCTGCACATTGACAACAGCCAGCC

CATCAGCCTGACCAGCGACCAGTACAAGGCCTACCTGCAGGACCTGGTGGAGGACATGGACTTCCAGGCCACCG

GCAACATC 

 (super mouse IRF3 S396D; no epitope tag) 

151 ATGGGCACCCCCAAGCCCAGAATCCTGCCCTGGCTGGTGAGCCAGCTGGACCTGGGCCAGCTGGAGGGAGTGG

CCTGGGTGAACAAGAGCAGAACCAGATTCAGAATCCCCTGGAAGCACGGCCTCAGACAGGACGCCCAGCAGGA

GGACTTCGGCATTTTTCAGGCTTGGGCCGAGGCCACCGGCGCCTACGTGCCCGGCAGAGACAAGCCCGACCTGC

CCACCTGGAAAAGAAACTTCAGAAGCGCCTTGAATAGAAAGGAGGGCCTGAGACTGGCCGAGGACAGAAGCA

AGGACCCCCACGACCCTCACAAGATCTACGAGTTCGTGAATAGCGGCGTGGGCGACTTTAGCCAGCCCGACACC

AGCCCCGACACCAACGGCGGCGGCAGCACCAGCGACACGCAGGAGGACATCCTGGATGAACTGCTGGGCAACA

TGGTGCTGGCCCCCCTGCCCGATCCCGGCCCCCCTTCGCTTGCCGTGGCCCCCGAGCCCTGCCCCCAGCCCCTGA

GAAGCCCCTCTCTGGATAACCCCACCCCCTTCCCCAACCTGGGCCCCAGCGAGAATCCACTGAAGAGACTTCTGG

TCCCCGGCGAGGAGTGGGAGTTCGAGGTGACCGCCTTCTACAGAGGCAGACAGGTGTTCCAGCAGACCATCAG

CTGCCCCGAAGGCCTGAGATTAGTGGGCAGCGAAGTGGGCGACAGGACCCTGCCCGGGTGGCCCGTGACCCTG

CCCGATCCCGGCATGAGCCTGACCGACAGAGGTGTGATGAGCTACGTGAGACACGTGCTGAGCTGCCTGGGCG

GCGGCCTGGCACTGTGGAGAGCCGGCCAGTGGCTGTGGGCCCAGAGACTGGGCCACTGCCACACCTACTGGGC

CGTGAGCGAGGAGCTGCTGCCCAACAGCGGCCACGGCCCCGACGGCGAGGTGCCCAAGGACAAGGAAGGGGG

CGTGTTCGACCTGGGCCCCTTCATCGTAGACCTGATCACCTTTACCGAGGGCAGCGGCAGGAGCCCCAGATACG

CCCTGTGGTTCTGCGTGGGCGAAAGCTGGCCCCAGGACCAGCCCTGGACCAAGAGACTGGTGATGGTGAAGGT

AGTGCCCACCTGCCTGAGAGCCTTAGTGGAGATGGCCAGAGTGGGCGGGGCCAGCAGCCTGGAGAACACCGTG

GATCTTCACATCGACAACAGCCACCCCCTGAGCCTGACCAGCGACCAGTACAAGGCCTACCTGCAGGACCTGGT

GGAGGGCATGGACTTCCAGGGCCCCGGCGAGACC 

 (super human IRF3 S396D; no epitope tag) 

152 ATGGCGCTGGCCCCCGAAAGAGCCGCCCCCAGAGTCCTCTTCGGCGAATGGCTCCTTGGCGAAATTTCGTCGGG

CTGCTACGAGGGCTTACAATGGCTGGATGAGGCGAGAACCTGTTTCAGGGTGCCCTGGAAACACTTCGCCAGAA

AGGATCTAAGCGAAGCAGATGCTAGAATTTTTAAGGCTTGGGCCGTGGCCAGGGGAAGATGGCCCCCCTCGAG

CAGAGGCGGCGGCCCTCCCCCCGAGGCAGAAACGGCCGAGAGAGCCGGATGGAAAACCAATTTCAGATGCGCC

CTGAGATCTACAAGAAGATTCGTGATGCTTAGAGACAACAGCGGAGATCCCGCCGATCCCCATAAGGTGTATGC

CCTGTCCCGGGAGCTGTGCTGGAGGGAAGGGCCTGGCACTGACCAGACCGAAGCCGAAGCCCCCGCGGCCGTG

CCGCCGCCCCAAGGAGGCCCACCAGGCCCTTTCCTCGCTCACACCCACGCCGGTCTGCAAGCCCCGGGACCTCTA

CCTGCCCCTGCCGGCGATAAAGGCGACCTGTTGCTGCAGGCCGTCCAACAGAGCTGCCTGGCCGATCATCTGCT

CACAGCCAGCTGGGGCGCTGACCCCGTCCCAACAAAGGCCCCCGGTGAGGGCCAAGAAGGCCTGCCTCTGACC

GGCGCCTGTGCCGGCGGCCCTGGCCTGCCTGCTGGCGAGCTGTACGGATGGGCTGTCGAAACCACTCCCTCCCC
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CGGCCCCCAACCTGCGGCCCTGACAACCGGCGAGGCAGCCGCACCCGAAAGCCCCCACCAGGCCGAACCCTACC

TCAGTCCCAGCCCCTCCGCCTGCACCGCTGTGCAGGAGCCCAGCCCCGGTGCTCTGGACGTAACAATCATGTACA

AAGGCAGAACCGTGCTTCAGAAGGTGGTTGGACACCCCTCCTGTACTTTTCTCTACGGCCCCCCCGACCCTGCCG

TGAGAGCTACCGACCCGCAACAGGTGGCCTTTCCCTCGCCCGCCGAACTGCCCGATCAAAAACAGCTGAGATAC

ACCGAGGAGCTGCTGAGACACGTGGCGCCGGGCTTACACCTAGAGTTGAGAGGCCCCCAACTCTGGGCCAGAC

GCATGGGCAAGTGTAAGGTGTACTGGGAGGTCGGGGGCCCTCCCGGCTCTGCCAGCCCCAGCACCCCTGCTTGT

CTCTTGCCCAGAAACTGTGATACCCCCATCTTCGACTTCCGTGTATTTTTCCAGGAACTGGTCGAGTTTAGAGCCA

GACAGAGACGAGGCAGCCCCAGATATACAATCTACCTCGGCTTCGGCCAGGACCTGAGTGCCGGCAGACCTAA

GGAGAAGTCGCTGGTCCTAGTGAAGTTAGAGCCCTGGCTATGTAGAGTGCACCTGGAGGGCACCCAGAGAGAA

GGAGTGAGCAGCCTGGACAGCAGCAGCCTGAGTCTGTGCCTGAGCTCCGCCAACTCGCTGTATGATGACATCGA

GTGTTTCCTCATGGAGCTGGAGCAGCCCGCC 

(Wild-type Hu IRF7 isoform A; P037 without epitope tag) 

153 ATGGCCCTTGCCCCTGAGCGGGCCGCCCCCAGAGTGTTATTCGGCGAGTGGCTGCTGGGCGAGATCAGCAGCG

GCTGCTACGAGGGACTGCAGTGGCTGGACGAGGCTAGAACCTGCTTCAGAGTGCCCTGGAAGCATTTCGCCAG

AAAAGACCTGAGCGAGGCTGATGCTAGAATCTTCAAAGCCTGGGCTGTGGCCCGAGGAAGATGGCCCCCCAGC

AGCAGAGGAGGCGGCCCTCCTCCCGAGGCCGAAACCGCAGAGCGTGCTGGCTGGAAAACCAACTTTAGGTGTG

CCCTGAGGAGCACCAGAAGATTCGTTATGCTCAGAGACAACAGCGGGGACCCCGCCGACCCGCACAAGGTGTA

CGCCTTAAGTAGGGAGCTGTGCTGGAGAGAGGGACCGGGGACCGACCAAACCGAGGCTGAGGCGCCCGCCGC

CGTTCCACCTCCCCAGGGTGGTCCCCCAGGGCCCTTTCTGGCACACACCCACGCCGGATTACAGGCGCCAGGGC

CCTTACCCGCCCCCGCCGGAGACAAAGGCGACCTCCTGCTGCAAGCCGTGCAACAAAGCTGCCTGGCCGATCAC

TTACTAACCGCTAGCTGGGGCGCCGATCCTGTTCCCACCAAGGCCCCCGGTGAAGGGCAAGAAGGACTGCCCTT

AACCGGCGCCTGTGCCGGAGGCCCTGGTCTGCCAGCCGGCGAGCTGTACGGTTGGGCTGTCGAAACAACACCC

AGTCCGGGCCCACAGCCTGCCGCTCTGACCACCGGCGAAGCCGCCGCCCCCGAGAGCCCACACCAGGCTGAACC

CTACCTGAGCCCCAGCCCCAGCGCCTGCACCGCTGTGCAGGAGCCTAGCCCCGGCGCTCTTGATGTGACAATAAT

GTACAAGGGCAGGACCGTGCTGCAAAAGGTCGTGGGCCATCCGTCGTGTACCTTTCTGTACGGCCCTCCAGACC

CCGCGGTTAGAGCCACCGACCCCCAGCAAGTCGCCTTCCCCTCCCCCGCCGAACTGCCCGACCAAAAGCAGCTGC

GGTACACAGAAGAACTACTTAGACACGTGGCCCCCGGTCTGCACTTGGAGCTGAGAGGCCCCCAGCTCTGGGCC

AGAAGAATGGGCAAGTGCAAAGTGTACTGGGAGGTGGGCGGCCCACCCGGCTCAGCTTCGCCCTCCACACCCG

CATGCCTGCTGCCCAGAAATTGCGACACGCCCATCTTCGATTTTAGAGTGTTCTTTCAGGAGTTGGTGGAGTTCA

GAGCCAGACAAAGACGCGGCAGCCCCAGATACACCATTTACCTCGGCTTCGGCCAGGACCTCAGCGCTGGCAGA

CCCAAGGAGAAGAGTCTGGTCCTCGTGAAGCTGGAGCCCTGGCTGTGCAGAGTGCACCTGGAGGGCACCCAGC

GTGAAGGCGTGAGCAGCCTGGATTCAAGCGACCTGGACCTATGCCTAAGCAGCGCTAACTCACTGTACGACGAT

ATCGAATGCTTCCTGATGGAACTGGAGCAGCCTGCC 

(constitutively active Hu IRF7 S477D/S479D; P033 without epitope tag) 

154 ATGGCCCTGGCACCCGAGAGGGCCGCCCCCAGGGTGCTCTTCGGCGAGTGGTTACTAGGCGAAATTAGCAGCG

GCTGCTATGAAGGCCTTCAGTGGCTGGACGAGGCCAGAACCTGCTTTAGAGTTCCCTGGAAGCACTTCGCCCGG

AAAGATCTCTCTGAAGCCGACGCCAGAATATTCAAGGCCTGGGCTGTCGCCAGGGGCAGGTGGCCACCCTCCAG

CCGAGGTGGCGGCCCTCCCCCTGAGGCTGAGACTGCGGAAAGGGCGGGCTGGAAGACCAATTTCAGATGCGCT

CTGAGAAGCACCAGACGTTTTGTGATGCTAAGAGACAATAGCGGCGATCCCGCCGACCCCCATAAGGTATACGC

ACTGAGCCGAGAGCTCTGTTGGAGAGAAGGCCCCGGCACCGACCAGACCGAGGCTGAAGCCCCTGCAGCCGTG

CCCCCCCCTCAAGGCGGGCCCCCCGGCCCCTTCCTGGCCCATACCCATGCAGGGTTACAAGCACCCGGGCCCTTG

CCCGCCCCAGCGGGAGACAAGGGCGACCTCTTACTGCAGGCCGTGCAACAAAGTTGTCTGGCGGACCACCTGCT

GACCGCATCATGGGGCGCGGATCCTGTGCCCACCAAGGCACCCGGCGAAGGCCAGGAGGGCCTGCCCTTGACC

GGCGCCTGCGCTGGCGGACCCGGCCTACCTGCTGGCGAACTGTATGGCTGGGCCGTAGAGACGACTCCCAGCC

CTGGCCCACAACCCGCGGCTTTGACCACCGGCGAAGCCGCCGCCCCCGAGTCTCCGCACCAGGCCGAGCCTTAC

CTCAGCCCAAGCCCTAGCGCCTGCACCGCCGTGCAAGAACCTAGCCCCGGAGCCCTGGATGTGACAATCATGTA

CAAGGGTAGAACCGTACTGCAAAAGGTGGTGGGTCATCCCAGCTGCACCTTTCTTTACGGCCCACCCGACCCTGC

CGTGCGAGCCACAGACCCACAACAGGTCGCCTTCCCAAGCCCCGCCGAACTGCCCGATCAGAAACAGCTGAGAT

ATACAGAGGAGCTTCTGCGGCACGTAGCTCCCGGCCTACATCTCGAGCTGAGGGGCCCACAACTGTGGGCCAGA

CGCATGGGCAAATGCAAGGTCTACTGGGAAGTGGGAGGCCCCCCCGGCAGCGCATCTCCCAGCACGCCCGCGT

GCCTGCTGCCTAGAAATTGCGACACCCCCATCTTTGACTTCCGGGTATTCTTTCAGGAGCTGGTAGAGTTCAGAG

CCAGGCAGCGGAGGGGCTCCCCCAGATACACAATCTACCTGGGCTTCGGACAGGACCTGTCCGCCGGCCGCCCC

AAGGAAAAGAGCCTGGTGCTGGTGAAGCTGGAGCCCTGGCTGTGTAGGGTACACCTCGAAGGCACCCAGAGA

GAAGGAGTGAGCTCGCTTGATGACAGCGATCTGTCGGATTGCCTTAGCAGCGCCAACAGCCTGTATGATGATAT

CGAGTGCTTCCTTATGGAACTGGAGCAGCCCGCC 

 (constitutively active Hu IRF7 S475D/S477D/L480D; P034 without epitope tag) 
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155 ATGGCCCTAGCCCCCGAAAGAGCAGCTCCCAGAGTGCTGTTCGGCGAATGGCTGCTTGGCGAGATCAGCAGCG

GCTGCTACGAAGGCCTGCAGTGGCTGGACGAAGCCCGCACCTGTTTCAGAGTGCCCTGGAAGCACTTCGCTAGA

AAGGATTTGAGCGAGGCTGATGCTAGAATCTTTAAGGCTTGGGCTGTGGCAAGAGGCAGATGGCCGCCTAGTA

GCAGAGGGGGCGGACCTCCCCCCGAGGCTGAGACCGCTGAGAGAGCAGGGTGGAAAACCAACTTCAGATGCG

CGCTGAGAAGCACCCGAAGATTCGTGATGCTACGTGACAATAGCGGCGACCCCGCCGACCCCCACAAAGTGTAC

GCCCTGTCCCGAGAACTTTGCTGGAGAGAGGGACCCGGCACCGATCAAACAGAGGCTGAGGCCCCGGCCGCTG

TACCCCCGCCCCAAGGAGGCCCCCCAGGCCCCTTTCTGGCTCATACACATGCCGGCCTGCAGGCACCCGGGCCCC

TCCCGGCTCCTGCCGGCGACAAGGGCGATCTCCTTCTCCAGGCCGTGCAGCAGAGCTGCCTGGCCGATCACCTG

CTGACCGCCTCGTGGGGCGCCGACCCCGTGCCCACCAAAGCCCCGGGTGAAGGCCAAGAGGGGCTCCCTTTAAC

CGGAGCATGCGCCGGAGGCCCCGGCCTGCCAGCCGGCGAGTTATATGGCTGGGCTGTGGAGACCACACCCTCC

CCCGGCCCTCAACCCGCTGCCCTGACCACCGGTGAGGCCGCCGCCCCCGAGAGCCCACACCAGGCCGAACCCTA

CCTGAGCCCTAGCCCTAGCGCCTGCACCGCCGTGCAAGAACCCAGCCCCGGAGCCCTGGATGTGACCATTATGT

ACAAGGGCCGGACAGTGCTGCAAAAGGTTGTGGGACACCCGAGCTGCACCTTTCTGTACGGTCCGCCTGACCCC

GCCGTGAGAGCCACGGACCCGCAGCAGGTGGCCTTCCCCTCACCCGCGGAGCTGCCCGACCAAAAGCAACTCA

GATACACAGAAGAACTATTGCGTCACGTCGCGCCCGGCCTGCATCTGGAGCTGAGAGGCCCCCAGCTCTGGGCC

AGAAGGATGGGCAAATGCAAGGTGTACTGGGAGGTGGGAGGCCCCCCCGGCAGCGCCAGCCCCAGCACTCCC

GCGTGCCTGCTGCCCAGAAATTGCGACACTCCCATCTTCGATTTCAGGGTGTTCTTCCAGGAGCTGGTGGAGTTC

AGAGCCAGGCAGAGAAGGGGTAGCCCCAGATACACAATCTATCTAGGCTTTGGACAAGATCTGAGCGCCGGCC

GGCCTAAGGAAAAAAGCCTGGTGCTGGTAAAGCTGGAGCCGTGGCTTTGTAGAGTGCACCTGGAGGGGACGCA

GCGAGAGGGCGTGAGCAGCTTAGACGACGATGACTTGGATCTGTGTCTCGACAGCGCCAACGACTTGTACGAC

GACATCGAGTGCTTCCTGATGGAACTGGAGCAGCCCGCC 

 (constitutively active Hu IRF7 S475D/S476D/S477D/S479D/S483D/S487D; P035 without epitope tag) 

156 ATGGCCCTGGCCCCCGAGAGAGCCGCCCCCAGAGTGCTCTTCGGCGAGTGGCTGCTGGGCGAGATAAGCAGCG

GCTGCTACGAAGGTCTGCAGTGGCTAGACGAGGCCAGAACCTGCTTTAGAGTGCCCTGGAAGCACTTCGCTCGA

AAGGACCTGTCCGAGGCCGATGCTAGAATTTTTAAGGCTTGGGCCGTCGCTAGGGGAAGATGGCCCCCTAGCA

GTAGAGGCGGCGGCCCCCCTCCCGAAGCCGAGACGGCCGAGAGGGCCGGCTGGAAAACCAATTTCAGATGCGC

CCTGAGGAGCACCCGCAGGTTCGTAATGCTGCGAGACAATAGCGGCGATCCTGCGGATCCTCACAAGGTTTACG

CCTTGAGTAGAGAACTGTGCTGGCGGGAGGGCCCCGGAACCGACCAGACGGAGGCAGAGGCACCCGCTGCCG

TGCCCCCCCCTCAAGGAGGACCCCCTGGACCCTTTCTGGCCCACACCCACGCTGGTCTGCAGGCCCCAGGCCCAC

TGCCCGCCCCAGCGGGCGATAAGGGTGACCTGCTCCTACAGGCGGTGCAACAGAGCTGTCTGGCCGACCACCTG

TTGACCGCCAGCTGGGGGGCCGACCCGGTGCCCACCAAAGCTCCCGGAGAGGGCCAAGAAGGCCTCCCACTAA

CTGGCGCCTGCGCCGGGGGCCCGGGATTACCCGCCGGCGAGCTGTATGGCTGGGCCGTGGAGACCACGCCCAG

CCCCGAGGGCGTGTCGTCCCTGGACAGCAGCAGCCTGAGCCTGTGCCTGAGCTCCGCCAACAGCCTGTATGACG

ACATCGAGTGCTTCCTGATGGAGCTGGAACAACCCGCC 

 (constitutively active truncated Hu IRF7 1-246 + 468-503; P032 without epitope tag) 

157 ATGGCACTGGCGCCTGAAAGAGCCGCTCCGCGTGTGCTCTTCGGCGAGTGGCTGCTGGGCGAGATCAGCTCCG

GCTGCTACGAGGGTCTACAGTGGCTGGACGAGGCCAGAACCTGTTTTAGAGTGCCCTGGAAGCACTTCGCGAG

AAAGGACCTGAGCGAGGCCGACGCCAGAATCTTCAAAGCCTGGGCAGTGGCTAGGGGCAGATGGCCTCCCAGC

AGCCGGGGCGGCGGCCCACCCCCCGAGGCCGAAACCGCCGAAAGAGCTGGCTGGAAGACCAACTTCAGATGC

GCCCTGAGAAGCACCAGAAGATTTGTCATGCTGAGAGATAATTCAGGAGACCCCGCCGACCCTCACAAGGTGTA

CGCCCTGTCCAGAGAGCTGTGTTGGAGAGAGGGCCCCGGAACCGACCAGACCGAGGCCGAGGCTCCAGCTGCC

GTGCCACCCCCCCAAGGCGGACCACCCGGCCCCTTCTTGGCACATACGCACGCCGGCCTCCAGGCTCCCGGCCCT

CTGCCCGCCCCTGCTGGTGACAAAGGCGATCTGCTGCTGCAAGCCGTCCAGCAATCCTGCTTGGCTGACCACCTG

CTGACCGCTAGCTGGGGAGCCGACCCCGTTCCCACCAAGGCTCCCGGAGAAGGACAGGAGGGCCTGCCCCTTA

CCGGCGCTTGCGCGGGGGGCCCTGGCTTGCCTGCCGGCGAACTGTACGGCTGGGCCGTGGAGACCACGCCTTC

CCCCGAGGGCGTGTCCAGCCTGGACGATGATGACCTGGATCTGTGCCTGGACAGCGCCAACGACCTGTACGATG

ACATCGAGTGCTTTTTGATGGAGCTGGAGCAGCCCGCC 

 (constitutively active truncated Hu IRF7 1-246 + 468-503 plus 

S475D/S476D/S477D/S479D/S483D/S487D; P036 without epitope tag) 

158 ATGGCCCTGGCCCCCGAGAGAGCCGCGCCCAGAGTGCTGTTCGGCGAATGGCTGCTGGGCGAGATCAGCAGCG

GCTGCTATGAGGGCCTGCAGTGGCTCGACGAAGCCAGGACGTGCTTCAGAGTCCCCTGGAAGCACTTCGCCAGA

AAGGATCTGAGCGAGGCTGACGCCAGAATCTTCAAGGCCTGGGCAGTTGCGCGTGGGAGATGGCCCCCCAGCT

CGCGGGGCGGCGGTCCCCCCCCTGAGGCCGAGACCGCCGAAAGAGCCGGATGGAAAACCAACTTTCGATGCGC

CCTCAGAAGCACCAGACGGTTTGTGATGCTGAGAGATAACAGCGGCGACCCTGCAGACCCCCATAAAGTGTATG

CCCTGAGCAGAGAGCTGTGTTGGCGAGAGGGCCCCGGAACCGACCAAACCGAGGCCGAGGCCCCCGCCGCCGT

ACCCCCCCCTCAAGGCCCCCAGCCTGCTGCTCTGACCACGGGAGAAGCCGCCGCTCCTGAGAGCCCCCACCAAG
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CCGAGCCCTATCTGAGCCCTAGCCCCAGCGCCTGCACCGCCGTGCAGGAGCCCTCACCGGGCGCCCTAGACGTG

ACCATCATGTACAAGGGGCGCACGGTGCTGCAAAAGGTGGTGGGCCACCCCAGCTGCACCTTCCTGTACGGCCC

CCCCGACCCTGCCGTGAGAGCCACCGACCCCCAGCAAGTCGCCTTCCCCAGCCCCGCCGAGCTGCCCGACCAGA

AGCAGCTGAGGTACACCGAGGAGTTGCTGAGACATGTGGCCCCCGGCTTGCACCTCGAGCTGAGAGGCCCGCA

GCTCTGGGCCAGAAGAATGGGCAAGTGCAAGGTGTACTGGGAGGTGGGCGGCCCCCCCGGCAGCGCGAGCCC

AAGCACCCCGGCCTGCCTGCTGCCTAGAAACTGCGACACCCCTATCTTCGACTTCAGAGTATTTTTCCAGGAGCT

GGTCGAGTTCAGGGCCAGACAGCGTAGAGGCAGCCCCAGATACACCATCTACCTTGGATTCGGCCAGGACCTGA

GCGCCGGCAGACCCAAAGAGAAGTCCCTGGTACTGGTGAAGCTAGAGCCCTGGCTGTGTAGGGTGCATCTGGA

AGGCACCCAAAGAGAGGGCGTAAGCTCGCTTGACAGCAGCAGCCTCAGCCTGTGCCTGAGCAGCGCTAACAGC

TTATACGACGACATCGAGTGCTTCCTGATGGAGCTGGAACAACCCGCC 

 (truncated Hu IRF7 1-151 + 247-503; P038 without epitope tag; null mutation) 

159 ATGGGCGGCCCTCCCGGGCCTTTCCTGGCCCATACACACGCCGGCCTACAGGCTCCTGGCCCTCTGCCCGCCCCG

GCCGGCGACAAGGGCGACCTCCTGCTGCAGGCCGTGCAGCAGTCCTGTCTGGCCGACCACCTGCTGACTGCTAG

CTGGGGCGCCGATCCCGTGCCCACCAAGGCCCCAGGAGAGGGGCAAGAGGGCCTGCCTCTAACCGGCGCATGC

GCAGGTGGACCAGGCCTCCCCGCCGGCGAGCTGTATGGTTGGGCCGTGGAGACAACCCCCAGCCCCGGCCCGC

AGCCTGCTGCGCTGACCACAGGCGAGGCCGCTGCCCCTGAGAGCCCCCACCAAGCTGAACCCTACCTGAGCCCC

AGCCCCTCTGCCTGCACAGCGGTGCAGGAGCCCAGTCCCGGCGCCTTGGACGTGACCATCATGTATAAGGGCAG

GACTGTGTTACAAAAGGTAGTGGGCCACCCAAGTTGTACCTTTCTGTACGGGCCCCCCGACCCAGCCGTGCGCG

CCACCGACCCCCAGCAGGTGGCCTTCCCCAGCCCCGCTGAGTTGCCCGATCAGAAACAACTCCGGTACACCGAG

GAATTACTTAGACATGTGGCTCCCGGCCTGCATCTGGAGCTTAGAGGTCCACAGTTGTGGGCCAGAAGAATGGG

CAAGTGCAAGGTTTATTGGGAGGTCGGAGGCCCCCCGGGCAGCGCCAGCCCCAGCACCCCCGCCTGTCTTCTGC

CCAGAAACTGCGACACCCCAATCTTCGATTTCAGAGTGTTTTTCCAGGAACTGGTGGAGTTCAGAGCAAGGCAA

AGAAGAGGCAGCCCTAGATACACCATCTACCTGGGCTTTGGCCAAGACCTGAGCGCCGGCAGACCCAAGGAAA

AATCCCTGGTCCTGGTGAAACTGGAGCCCTGGCTGTGCAGAGTCCACCTGGAGGGCACCCAGAGAGAGGGCGT

GAGCAGCCTGGACTCGAGCAGCCTGTCCCTGTGTCTGAGCAGCGCGAATTCGCTATATGACGACATCGAATGCT

TTCTGATGGAGCTGGAACAGCCCGCC 

 (truncated Hu IRF7 152-503; P039 without epitope tag; null mutation) 

160 ATGCCTCACAGCAGCCTCCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTCGTGCTT

TTAAGCGCCTGCTTGGTGACCCTTTGGGGCTTGGGCGAGCCTCCAGAGCACACCTTGAGATATTTGGTGCTCCAC

CTGGCCAGCCTTCAGCTGGGCTTGTTACTCAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCACAG

CAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCGTGTCTGGGCTGCCCTCTGAGAAGAGGCGCCTTGCTT

CTTCTCAGTATCTACTTCTACTACTCCCTGCCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCACTGCTCG

GCCTCAGCCAGGCCCTGAACATCTTGTTGGGCTTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCGTGTGCGAG

AAGGGCAACTTCAACATGGCCCACGGATTGGCTTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCCTGA

GCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGCGCGGCGCAGTGAGCCAGAGACTG

TATATTCTGCTGCCTCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCTGGAC

AAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATCTATGAGCTGC

TCGAGAATGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCATGAGC

CAGTATAGTCAAGCTGGCTTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTGGAGG

ACATTCTGGCTGACGCCCCTGAGAGCCAGAACAACTGCCGACTGATCGCCTACCAGGAACCAGCCGACGACAGC

AGCTTCAGTCTTTCTCAGGAGGTTCTTCGCCACTTGCGCCAGGAGGAGAAGGAGGAGGTGACCGTGGGCAGCC

TGAAGACCTCCGCAGTCCCTAGCACCAGCACCATGAGTCAGGAGCCGGAGCTATTAATCAGCGGCATGGAGAA

GCCTCTTCCACTCCGAACCGACTTCAGCGCCACCAACTTCAGCCTGCTGAAGCAGGCAGGTGACGTTGAGGAGA

ATCCGGGACCTATGACCGAGTACAAGCTGGTGGTTGTGGGCGCCGACGGCGTGGGCAAGAGCGCCCTGACCAT

CCAGCTGATCCAG 

(KRAS(G12D)25mer_nt.STING(V155M))   

161 ATGACCGAGTACAAGCTAGTAGTCGTGGGCGCCGACGGCGTGGGCAAGAGCGCCCTCACCATCCAGCTAATCC

AGGCCACCAACTTCAGCTTGCTCAAGCAGGCCGGCGACGTGGAGGAGAACCCAGGCCCTATGCCTCACAGCAG

CCTTCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCTGCTGAGCGCCTGCCT

GGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATATCTGGTGCTTCACCTGGCCAGTTTAC

AGCTGGGCCTGCTTCTTAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCACAGCAGATACAGAGG

CAGCTACTGGAGAACCGTGAGAGCCTGCCTAGGCTGCCCTCTGAGAAGAGGCGCTCTGTTGCTACTTTCCATCTA

CTTCTACTACTCCCTGCCTAACGCCGTGGGCCCTCCTTTCACTTGGATGCTGGCGTTGCTGGGTCTGAGCCAGGCC

CTGAACATCCTTCTCGGTCTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCGTGTGCGAGAAGGGCAACTTCAA

CATGGCCCACGGACTCGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCCTGAGCTGCAGGCCAGAA

TCAGAACCTACAACCAGCACTACAACAACCTGCTGCGGGGCGCCGTGAGCCAGAGACTGTATATACTTCTTCCTC
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TGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCTGGACAAGCTGCCTCAGCAG

ACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACTCCATTTATGAGCTGCTCGAGAATGGCCAGA

GAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCATGAGCCAGTACAGTCAGGCT

GGATTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCAGGACACTGGAGGACATACTAGCAGAC

GCCCCTGAGAGCCAGAACAACTGCAGACTGATTGCCTACCAGGAGCCTGCGGACGACAGCTCCTTCAGTCTGAG

TCAGGAGGTGTTGCGGCACTTACGCCAAGAAGAGAAGGAGGAGGTGACCGTGGGCAGCCTGAAGACTAGCGC

TGTGCCTAGCACCAGCACAATGTCACAGGAGCCGGAATTGCTAATCAGCGGCATGGAGAAGCCTCTCCCATTAC

GTACCGACTTCAGC 

(KRAS(G12D)25mer_ct.STING(V155M)) 

162 ATGCCTCACAGCAGCCTTCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTAGTGCTC

CTTAGCGCCTGCCTCGTGACCCTATGGGGCTTAGGCGAGCCTCCAGAGCACACCTTGAGATACCTCGTCCTCCAC

CTGGCTAGTCTACAGCTGGGCCTTCTCCTCAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCACAG

CAGATACAGAGGCAGCTACTGGAGAACCGTGAGAGCGTGCCTGGGCTGCCCTCTGAGAAGAGGCGCACTGCTG

TTACTCAGCATCTACTTCTACTACTCACTGCCAAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCTTGCTCG

GATTGAGCCAGGCCCTGAACATTTTACTGGGATTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCGTGTGCGAG

AAGGGCAACTTCAACATGGCCCACGGCCTAGCTTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCCTGA

GCTGCAGGCCAGAATCAGAACCTACAACCAGCACTACAACAACCTGCTGCGTGGAGCGGTGAGCCAGAGACTG

TATATCCTCCTGCCTCTGGACTGCGGAGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCTGGAC

AAGCTGCCTCAGCAGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACTCAATCTACGAGCTGTT

GGAGAATGGCCAGAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCATGAGCC

AGTACTCTCAGGCAGGCTTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTGGAGGA

CATCCTGGCGGACGCCCCTGAGAGCCAGAACAACTGCCGGCTTATCGCCTACCAGGAGCCAGCAGACGACAGC

AGCTTCTCTCTCTCACAAGAGGTACTGCGCCATCTTCGCCAGGAGGAGAAGGAGGAGGTGACCGTGGGCAGCCT

GAAGACATCCGCCGTACCTAGCACCAGCACCATGTCTCAGGAACCGGAACTGTTGATCAGCGGCATGGAGAAGC

CTCTGCCACTGCGCACCGACTTCAGCGCCACCAACTTCTCCCTACTGAAGCAAGCCGGTGACGTTGAAGAGAACC

CTGGCCCTATGACCGAGTACAAGCTGGTAGTAGTAGGCGCCGACGGCGTGGGCAAGAGCGCCCTGACCATCCA

GCTGATCCAGATGACTGAATATAAGCTTGTCGTCGTGGGCGCAGATGGCGTTGGTAAGAGCGCACTTACAATTC

AACTCATTCAGATGACGGAGTATAAGCTGGTGGTGGTCGGAGCTGACGGCGTAGGCAAGAGTGCCCTTACTATT

CAGCTAATTCAG 

(KRAS(G12D)25mer^3_nt.STING(V155M)) 

163 ATGACCGAGTACAAGCTTGTGGTGGTTGGCGCCGACGGCGTGGGCAAGAGCGCCTTAACCATCCAGCTTATCCA

GATGACAGAGTATAAGCTAGTGGTGGTCGGCGCAGACGGAGTGGGAAAGAGTGCATTAACTATTCAACTCATC

CAAATGACCGAATACAAGCTAGTAGTTGTGGGTGCAGATGGCGTCGGCAAGTCTGCACTGACAATTCAGCTCAT

CCAGGCCACCAACTTCAGCCTGCTGAAGCAGGCCGGCGACGTGGAGGAGAACCCTGGCCCTATGCCTCACAGCA

GCCTGCACCCTAGCATCCCTTGCCCTAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTGCTGCTGAGCGCCTGC

CTGGTGACCCTGTGGGGCCTGGGCGAGCCTCCTGAGCACACCCTGAGATACCTAGTTTTGCACCTGGCTTCTCTG

CAGCTGGGCCTACTGCTCAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCACAGCAGATACAGAG

GCAGCTACTGGAGAACCGTGAGAGCATGCTTAGGCTGCCCTCTGAGAAGAGGCGCTCTGCTCCTCTTGTCCATCT

ACTTCTACTACTCGCTACCTAACGCCGTGGGCCCTCCTTTCACCTGGATGCTGGCCCTCTTGGGATTAAGCCAGGC

CCTGAACATCTTGCTGGGACTGAAGGGCCTGGCCCCTGCCGAGATCAGCGCCGTGTGCGAGAAGGGCAACTTCA

ACATGGCCCACGGACTCGCTTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCCTGAGCTGCAGGCCAGA

ATCAGAACCTACAACCAGCACTACAACAACCTGCTGCGGGGAGCAGTGAGCCAGAGACTGTATATTCTGCTCCC

TCTGGACTGCGGCGTGCCTGACAACCTGAGCATGGCCGACCCTAACATCAGATTCCTGGACAAGCTGCCTCAGC

AGACCGGCGACCACGCCGGCATCAAGGACAGAGTGTACAGCAACAGCATTTACGAGCTGCTGGAGAACGGCCA

GAGAGCCGGCACCTGCGTGCTGGAGTACGCCACCCCTCTGCAGACCCTGTTCGCCATGAGCCAGTACTCCCAGG

CAGGATTCAGCAGAGAGGACAGACTGGAGCAGGCCAAGCTGTTCTGCCGTACTCTTGAGGACATCCTTGCAGAC

GCCCCTGAGAGCCAGAACAACTGCCGGTTGATTGCCTACCAGGAACCGGCAGACGACAGCTCATTCTCCTTGTCT

CAGGAGGTCCTTAGACACCTGCGGCAGGAGGAGAAGGAGGAGGTGACCGTGGGCAGCCTGAAGACATCCGCC

GTGCCTAGCACGTCTACCATGTCCCAGGAGCCGGAACTGCTAATCAGCGGCATGGAGAAGCCTCTGCCTCTCAG

GACCGACTTCAGC 

(KRAS(G12D)25mer^3_ct.STING(V155M)) 

164 MPHSSLHPSIPCPRGHGAQKAALVLLSACLVTLWGLGEPPEHTLRYLVLHLASLQLGLLLNGVCSLAEELRHIHSRYRGS

YWRTVRACLGCPLRRGALLLLSIYFYYSLPNAVGPPFTWMLALLGLSQALNILLGLKGLAPAEISAVCEKGNFNVAHGL

AWSYYIGYLRLILPELQARIRTYNQHYNNLLRGAVSQRLYILLPLDCGVPDNLSMADPNIRFLDKLPQQTGDHAGIKDR

VYSNSIYELLENGQRAGTCVLEYATPLQTLFAMSQYSQAGFSREDkLEQAKLFCRTLEDILADAPESQNNCRLIAYQEP

ADDSSFSLSQEVLRHLRQEEKEEVTVGSLKTSAVPSTSTMSQEPELLISGMEKPLPLRTDFST 
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(Hu STING (R284K) var; no epitope tag) 

165 ATGCCCCATAGCAGCCTGCACCCCAGCATCCCCTGCCCCAGAGGCCACGGCGCCCAGAAGGCCGCCCTGGTCCT

GCTGAGCGCATGCCTGGTCACCCTGTGGGGCCTGGGCGAGCCCCCCGAGCACACCCTGAGATACCTGGTGCTGC

ACCTCGCCAGCCTGCAGCTGGGCCTGCTGCTGAACGGCGTGTGCAGCCTGGCCGAGGAGCTGAGACACATCCAC

AGCAGATATAGAGGCAGCTACTGGAGAACCGTGAGAGCTTGCCTCGGCTGCCCCCTGAGAAGAGGCGCCCTGC

TGCTGCTGAGCATCTACTTTTACTACAGCCTGCCCAACGCTGTGGGCCCCCCTTTCACGTGGATGCTCGCCCTGCT

GGGACTGAGCCAGGCCCTGAACATCCTGCTGGGCCTTAAGGGCCTAGCCCCCGCCGAGATCAGCGCCGTGTGC

GAGAAGGGCAACTTCAATGTGGCCCACGGCCTGGCCTGGAGCTACTACATCGGCTACCTGAGACTGATCCTGCC

CGAGCTGCAGGCCAGAATCAGAACCTACAATCAGCACTACAACAACCTGCTGAGAGGCGCCGTGAGCCAGAGA

CTGTACATCCTGCTGCCCCTGGACTGCGGCGTGCCCGACAACCTCAGCATGGCCGACCCCAACATCAGATTCCTG

GACAAGCTGCCCCAGCAGACCGGCGACCACGCCGGCATCAAGGATCGCGTGTACAGCAACAGCATCTACGAGC

TGCTGGAAAACGGCCAGAGAGCCGGAACCTGCGTGCTGGAGTACGCCACACCCCTGCAGACCCTGTTCGCCATG

AGCCAGTACAGCCAGGCCGGCTTCAGCAGAGAGGACAAGCTGGAGCAGGCCAAGCTGTTCTGCAGAACCCTGG

AGGATATCCTCGCCGACGCCCCCGAGAGCCAGAACAACTGCAGGCTGATCGCGTACCAGGAGCCCGCTGACGA

CAGCAGCTTTAGCCTGAGCCAGGAGGTGCTGAGACATCTGCGTCAAGAGGAAAAGGAGGAGGTGACCGTGGG

CTCCCTGAAGACCAGCGCCGTGCCCAGCACCAGCACCATGAGCCAGGAGCCCGAGCTGCTGATCAGCGGCATG

GAGAAGCCACTGCCCCTCAGAACCGACTTCAGCACC 

(Hu STING (R284K) var; no epitope tag) 

166 MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMRDQYMRTGEG

FLCVFAINNTKSFEDIHHYREQIKRVKDSEDVPMVLVGNKCDLPSRTVDTKQAQDLARSYGIPFIETSAKTRQRVEDAF

YTLVREIRQYRLKKISKEEKTPGCVKIKKC 

Human KRAS sp/P01116[1-186] 

 

167 5’7MeGpppG2’OMeGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGAGCCACCAUG
ACCGAGUACAAGCUCGUGGUCGUCGGCGCCGACGGGGUAGGCAAGUCCGCUCUGACCAU
UCAGCUCAUCCAGAUGACGGAGUACAAACUCGUGGUAGUGGGAGCCGUGGGUGUGGGC
AAGAGCGCGCUCACCAUCCAACUCAUCCAAAUGACCGAAUAUAAACUCGUCGUGGUGGG
AGCCGGCGACGUGGGAAAGAGCGCCCUUACCAUCCAGUUAAUCCAGAUGACAGAAUACA
AGCUGGUGGUGGUCGGUGCCUGCGGCGUGGGUAAGUCCGCCCUGACAAUCCAGCUGAUC
CAGUGAUAAUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGGGCCUCCCCCCA
GCCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUGAGUGGG
CGGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAUCUAGOH3’ 

Where:  A,C G & U = AMP, CMP, GMP & N1-ΨUMP, respectively; Me = methyl; p = inorganic 
phosphate 
(KRAS concatemer mRNA sequence; CX-012908) 
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168 5’7MeGpppG2’OMeGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGAGCCACCAUG
CCCCACAGUAGCCUCCACCCCAGCAUCCCCUGCCCCAGAGGCCACGGCGCACAGAAGGCC
GCCCUGGUGCUGCUGAGCGCCUGUCUGGUGACCCUGUGGGGUCUGGGCGAGCCCCCCGA
GCACACCCUGCGGUACCUCGUGCUGCAUCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGA
ACGGCGUGUGCAGCCUGGCCGAAGAGCUGAGACACAUCCACAGCAGAUACAGAGGCUCC
UACUGGAGAACCGUCAGAGCCUGCCUCGGCUGUCCCCUGAGAAGAGGCGCCCUGCUGCU
CCUGAGCAUCUACUUCUACUACAGCCUGCCCAACGCCGUGGGCCCCCCCUUCACCUGGA
UGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCUUG
GCCCCCGCCGAGAUCUCCGCCGUGUGCGAGAAGGGCAACUUCAACAUGGCCCAUGGCCU
UGCCUGGUCCUACUACAUCGGCUACCUGAGACUGAUCCUGCCCGAGCUGCAGGCCAGAA
UCAGAACCUACAACCAGCACUACAACAACCUGCUGAGAGGCGCCGUGAGCCAAAGACUG
UACAUCCUGCUGCCCCUGGACUGCGGCGUGCCCGACAACCUUAGCAUGGCCGACCCCAA
CAUCAGAUUCCUGGACAAGCUGCCCCAGCAGACCGGCGACCACGCCGGCAUCAAGGACA
GAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGC
GUGCUGGAGUACGCCACCCCCCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGC
CGGCUUCAGCAGAGAGGACAGACUGGAGCAAGCCAAGCUGUUCUGCAGAACCCUGGAGG
ACAUCCUGGCGGACGCCCCCGAGAGCCAAAACAACUGCAGACUGAUCGCCUACCAGGAG
CCCGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAAGUGCUGAGACACCUGAGACAGGA
AGAGAAGGAGGAGGUGACCGUGGGAAGCCUGAAGACCAGCGCCGUGCCCAGCACCAGCA
CCAUGAGCCAGGAGCCCGAGCUGCUGAUCAGCGGCAUGGAGAAGCCCCUGCCCCUGAGA
ACCGACUUCAGCUGAUAAUAGGCUGGAGCCUCGGUGGCCUAGCUUCUUGCCCCUUGGGC
CUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCCCAAACACCAUUGUCACACU
CCAGUGGUCUUUGAAUAAAGUCUGAGUGGGCGGCAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAUCUAGOH3’ 

Where:  A,C G & U = AMP, CMP, GMP & N1-ΨUMP, respectively; Me = methyl; p = inorganic 
phosphate; underline = miR-122 binding site 
(STING mRNA sequence; CX-012871) 

169 AUGACCGAGUACAAGCUCGUGGUCGUCGGCGCCGACGGGGUAGGCAAGUCCGCUCUGACCAUUCAGCUCA

UCCAGAUGACGGAGUACAAACUCGUGGUAGUGGGAGCCGUGGGUGUGGGCAAGAGCGCGCUCACCAUCCA

ACUCAUCCAAAUGACCGAAUAUAAACUCGUCGUGGUGGGAGCCGGCGACGUGGGAAAGAGCGCCCUUACC

AUCCAGUUAAUCCAGAUGACAGAAUACAAGCUGGUGGUGGUCGGUGCCUGCGGCGUGGGUAAGUCCGCCC

UGACAAUCCAGCUGAUCCAG 

(KRAS(G12D G12V G13D G12C) 100mer “4MUT” nt. seq) 

170 AUGCCCCACAGUAGCCUCCACCCCAGCAUCCCCUGCCCCAGAGGCCACGGCGCACAGAAGGCCGCCCUGGUG

CUGCUGAGCGCCUGUCUGGUGACCCUGUGGGGUCUGGGCGAGCCCCCCGAGCACACCCUGCGGUACCUCG

UGCUGCAUCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAAGAGCUGAG

ACACAUCCACAGCAGAUACAGAGGCUCCUACUGGAGAACCGUCAGAGCCUGCCUCGGCUGUCCCCUGAGAA

GAGGCGCCCUGCUGCUCCUGAGCAUCUACUUCUACUACAGCCUGCCCAACGCCGUGGGCCCCCCCUUCACC

UGGAUGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCUUGGCCCCCG

CCGAGAUCUCCGCCGUGUGCGAGAAGGGCAACUUCAACAUGGCCCAUGGCCUUGCCUGGUCCUACUACAUC

GGCUACCUGAGACUGAUCCUGCCCGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAACCU

GCUGAGAGGCGCCGUGAGCCAAAGACUGUACAUCCUGCUGCCCCUGGACUGCGGCGUGCCCGACAACCUUA

GCAUGGCCGACCCCAACAUCAGAUUCCUGGACAAGCUGCCCCAGCAGACCGGCGACCACGCCGGCAUCAAGG

ACAGAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUGCUGGA

GUACGCCACCCCCCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAGGACA

GACUGGAGCAAGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCGGACGCCCCCGAGAGCCAAAAC

AACUGCAGACUGAUCGCCUACCAGGAGCCCGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAAGUGCUGAG

ACACCUGAGACAGGAAGAGAAGGAGGAGGUGACCGUGGGAAGCCUGAAGACCAGCGCCGUGCCCAGCACCA

GCACCAUGAGCCAGGAGCCCGAGCUGCUGAUCAGCGGCAUGGAGAAGCCCCUGCCCCUGAGAACCGACUUC

AGC 

 (huSTING(V155M); no epitope tag; nucleotide sequence) 

171 CCUUAGCAGAGCUGUGGAGUGUGACAAUGGUGUUUGUGUCUAAACUAUCAAACGCCAUUAUCACACUAA

AUAGCUACUGCUAGGC 

(mir-122) 

172 AACGCCAUUAUCACACUAAAUA (mir-122-3p_ 

173 UAUUUAGUGUGAUAAUGGCGUU (mir-122-3p binding site) 

174 UGGAGUGUGACAAUGGUGUUUG (mir-122-5p) 
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175 CAAACACCAUUGUCACACUCCA (mir-122-5p binding site) 

176 GGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGAGCCACC 

(5’ UTR) 

 

177 CCGCCGCCGCCG  

178 CCGCCGCCGCCGCCG  

179 CCCCGGCGCC (V1) 

180 GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGA (5’UTR) 

181 GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGACCCCGGCGCCGCCACC (V1-UTR) 

182 GGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGACCCCGGCGCCACC (V2-UTR) 

183 MKLVVVGACGVGKSAMKLVVVGACGVGKSAMKLVVVGACGVGKSA 

(KRAS G12C 15mer^3) 

184 ATGACCGAGTACAAGCTCGTGGTTGTTGGCGCCTGCGGCGTGGGCAAGAGCGCCCTCACCATCCAGCTCATCCA

GATGACAGAGTATAAGTTAGTCGTTGTCGGAGCTTGCGGAGTTGGAAAGTCGGCGCTCACCATTCAACTCATAC

AAATGACAGAATATAAGTTAGTGGTGGTGGGTGCGTGTGGCGTTGGCAAGAGTGCGCTTACTATCCAGCTCATT

CAG 

(KRAS G12C 25mer^3 nucleotide sequence) 

185 UCAAGCUUUUGGACCCUCGUACAGAAGCUAAUACGACUCACUAUAGGGAAAUAAGAGAGAAAAGAAGAGU

AAGAAGAAAUAUAAGAGCCACC 

(5’ UTR) 

186 UGAUAAUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUCCUCCCCUU

CCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUGAGUGGGCGGC 

(3’ UTR) 

187 UGAUAAUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGGGCCCAAACACCAUUGUCACACUCCA

UCCCCCCAGCCCCUCCUCCCCUUCCUCCAUAAAGUAGGAAACACUACAUGCACCCGUACCCCCGUGGUCUUU

GAAUAAAGUCUGAGUGGGCGGC 

(3’ UTR with mi-122 and mi-142.3p sites) 

188 GGAAGCGGAGCUACUAACUUCAGCCUGCUGAAGCAGGCUGGAGACGUGGAGGAGAACCCUGGACCU 

(Nucleotide sequence encoding 2A peptide) 

189 UCCGGACUCAGAUCCGGGGAUCUCAAAAUUGUCGCUCCUGUCAAACAAACUCUUAACUUUGAUUUACUCA

AACUGGCUGGGGAUGUAGAAAGCAAUCCAGGUCCACUC 
(Nucleotide sequence encoding 2A peptide) 

190 AUGACCGAGUACAAGCUGGUGGUGGUGGGCGCCGACGGCGUGGGCAAGAGCGCCCUGACCAUCCAGCUGA

UCCAG 

(KRAS G12D 25mer nucleotide sequence) 

191 AUGACCGAGUACAAGCUGGUGGUGGUGGGCGCCGUGGGCGUGGGCAAGAGCGCCCUGACCAUCCAGCUGA

UCCAG 

(KRAS G12V 25mer nucleotide sequence) 

192 AUGACCGAGUACAAGCUGGUGGUGGUGGGCGCCGGCGACGUGGGCAAGAGCGCCCUGACCAUCCAGCUGA

UCCAG 

(KRAS G13D 25mer nucleotide sequence) 

193 AUGACCGAGUACAAGUUAGUGGUUGUGGGCGCCGACGGCGUGGGCAAGAGCGCCCUCACCAUCCAGCUUA

UCCAGAUGACGGAAUAUAAGUUAGUAGUAGUGGGAGCCGACGGUGUCGGCAAGUCCGCUUUGACCAUUC

AACUUAUUCAGAUGACAGAGUAUAAGCUGGUCGUUGUAGGCGCAGACGGCGUUGGAAAGUCGGCACUGA

CGAUCCAGUUGAUCCAG 

(KRAS G12D 25mer^3 nucleotide sequence) 

194 AUGACCGAGUACAAGCUCGUCGUGGUGGGCGCCGUGGGCGUGGGCAAGAGCGCCCUAACCAUCCAGUUGA

UCCAGAUGACCGAAUAUAAGCUCGUGGUAGUCGGAGCGGUGGGCGUUGGCAAGUCAGCGCUAACAAUACA

ACUAAUCCAAAUGACCGAAUACAAGCUAGUUGUAGUCGGUGCCGUCGGCGUUGGAAAGUCAGCCCUUACA

AUUCAGCUCAUUCAG 

(KRAS G12V 25mer^3 nucleotide sequence) 

195 AUGACCGAGUACAAGCUCGUAGUGGUUGGCGCCGGCGACGUGGGCAAGAGCGCCCUAACCAUCCAGCUCA

UCCAGAUGACAGAAUAUAAGCUUGUGGUUGUGGGAGCAGGAGACGUGGGAAAGAGUGCGUUGACGAUUC

AACUCAUACAGAUGACCGAAUACAAGUUGGUGGUGGUCGGCGCAGGUGACGUUGGUAAGUCUGCACUAA

CUAUACAACUGAUCCAG 
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(KRAS G13D 25mer^3 nucleotide sequence) 

196 AUGACCGAGUACAAGCUGGUGGUGGUGGGCGCCUGCGGCGUGGGCAAGAGCGCCCUGACCAUCCAGCUGA

UCCAG 

(KRAS G12C 25mer nucleotide sequence) 

197 AUGACCGAGUACAAGCUCGUGGUUGUUGGCGCCUGCGGCGUGGGCAAGAGCGCCCUCACCAUCCAGCUCA

UCCAGAUGACAGAGUAUAAGUUAGUCGUUGUCGGAGCUUGCGGAGUUGGAAAGUCGGCGCUCACCAUUC

AACUCAUACAAAUGACAGAAUAUAAGUUAGUGGUGGUGGGUGCGUGUGGCGUUGGCAAGAGUGCGCUUA

CUAUCCAGCUCAUUCAG 

(KRAS G12C 25mer^3 nucleotide sequence) 

198 AUGACCGAGUACAAGCUGGUGGUGGUGGGCGCCGGCGGCGUGGGCAAGAGCGCCCUGACCAUCCAGCUGA

UCCAG 

(KRAS WT 25mer nucleotide sequence) 

199 GGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGAGCCACC 
(5’ UTR sequence; no promoter) 

200 AUGACCGAGUACAAGCUCGUUGUAGUCGGCGCCGACGGCGUGGGCAAGAGCGCCUUGACCAUCCAGUUGA

UCCAGAUGACCGAAUAUAAGUUGGUGGUGGUAGGCGCAGUGGGAGUUGGCAAGUCAGCACUCACAAUUC

AGCUCAUUCAAAUGACAGAAUACAAGUUAGUCGUUGUAGGAGCAGGCGACGUCGGCAAGAGUGCCUUAAC

CAUUCAACUAAUCCAG 

(KRAS(G12D G12V G13D) 75mer “3MUT” nt. seq) 

201 AUGCCUCACAGCAGCCUGCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGU

GCUGCUGAGCGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUACCUG

GUGCUGCACCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGA

GACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUGGGCUGCCCUCUGAGA

AGAGGCGCCCUGCUGCUGCUGAGCAUCUACUUCUACUACAGCCUGCCUAACGCCGUGGGCCCUCCUUUCAC

CUGGAUGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCCUGGCCCCU

GCCGAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAACGUGGCCCACGGCCUGGCCUGGAGCUACUACA

UCGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAAC

CUGCUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCUCUGGACUGCGGCGUGCCUGACAACC

UGAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUC

AAGGACAGAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUGC

UGGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAG

GACACCCUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCCGACGCCCCUGAGAGCCA

GAACAACUGCAGACUGAUCGCCUACCAGGAGCCUGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAGGUGC

UGAGACACCUGAGACAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACCAGCGCCGUGCCUAG

CACCAGCACCAUGAGCCAGGAGCCUGAGCUGCUGAUCAGCGGCAUGGAGAAGCCUCUGCCUCUGAGAACCG

ACUUCAGC 

 (Hu STING(R284T); no epitope tag; nucleotide sequence) 

202 AUGCCCCACAGCAGCCUGCACCCCUCCAUCCCCUGUCCCAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGUG

CUGCUGAGCGCCUGCCUGGUGACCUUAUGGGGCCUGGGCGAGCCCCCCGAGCACACCCUGAGAUACCUGG

UCCUGCACCUGGCCAGCCUCCAGCUGGGCCUGCUGCUCAACGGCGUGUGUAGCCUGGCCGAGGAGCUGAG

ACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUGGGUUGCCCACUGAGAA

GAGGAGCUCUGCUGCUGCUGAGCAUCUACUUCUACUACUCGCUGCCCAACGCUGUGGGCCCCCCCUUCACC

UGGAUGCUGGCCCUGCUGGGUCUGAGCCAGGCCCUGAACAUCCUCCUGGGCCUGAAGGGCCUGGCCCCCG

CCGAGAUAAGCGCCGUUUGCGAGAAGGGCAACUUCAACGUGGCCCAUGGCCUGGCCUGGAGCUACUACAU

CGGCUACUUACGCCUGAUCCUGCCCGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCAUUACAACAACC

UGCUGAGAGGCGCCGUGAGCCAGAGACUGUAUAUCCUGCUGCCCCUGGACUGCGGCGUGCCCGACAACCU

GAGCAUGGCCGACCCCAACAUCAGAUUCCUGGACAAGCUCCCCCAGCAGACCGGCGACCACGCCGGAAUCAA

AGACAGAGUGUAUAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUACUG

GAGUACGCCACCCCCUUGCAGACCCUGUUUGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAGGA

CAUGCUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCCGACGCCCCCGAGAGCCAGA

ACAACUGCAGACUGAUCGCCUACCAAGAGCCCGCCGACGACAGCAGCUUCAGCUUAAGCCAGGAGGUGCUG

AGACAUCUGAGACAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUCAAGACCAGCGCUGUGCCCUCUA

CCAGCACCAUGAGCCAGGAGCCCGAGCUGCUGAUCAGCGGCAUGGAGAAGCCCCUGCCCCUGAGAACAGAC

UUCAGC 

 (hu STING (R284M); no epitope tag; nucleotide sequence) 
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203 AUGCCCCAUAGCAGCCUGCACCCCAGCAUCCCCUGCCCCAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGUC

CUGCUGAGCGCAUGCCUGGUCACCCUGUGGGGCCUGGGCGAGCCCCCCGAGCACACCCUGAGAUACCUGGU

GCUGCACCUCGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGAGA

CACAUCCACAGCAGAUAUAGAGGCAGCUACUGGAGAACCGUGAGAGCUUGCCUCGGCUGCCCCCUGAGAAG

AGGCGCCCUGCUGCUGCUGAGCAUCUACUUUUACUACAGCCUGCCCAACGCUGUGGGCCCCCCUUUCACGU

GGAUGCUCGCCCUGCUGGGACUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUUAAGGGCCUAGCCCCCGCC

GAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAAUGUGGCCCACGGCCUGGCCUGGAGCUACUACAUCG

GCUACCUGAGACUGAUCCUGCCCGAGCUGCAGGCCAGAAUCAGAACCUACAAUCAGCACUACAACAACCUG

CUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCCCUGGACUGCGGCGUGCCCGACAACCUCAG

CAUGGCCGACCCCAACAUCAGAUUCCUGGACAAGCUGCCCCAGCAGACCGGCGACCACGCCGGCAUCAAGGA

UCGCGUGUACAGCAACAGCAUCUACGAGCUGCUGGAAAACGGCCAGAGAGCCGGAACCUGCGUGCUGGAG

UACGCCACACCCCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAGGACAA

GCUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGAUAUCCUCGCCGACGCCCCCGAGAGCCAGAACA

ACUGCAGGCUGAUCGCGUACCAGGAGCCCGCUGACGACAGCAGCUUUAGCCUGAGCCAGGAGGUGCUGAG

ACAUCUGCGUCAAGAGGAAAAGGAGGAGGUGACCGUGGGCUCCCUGAAGACCAGCGCCGUGCCCAGCACCA

GCACCAUGAGCCAGGAGCCCGAGCUGCUGAUCAGCGGCAUGGAGAAGCCACUGCCCCUCAGAACCGACUUC

AGC 

 (Hu STING (R284K); no epitope tag; nucleotide sequence) 

204 AUGCCUCACAGCAGCCUGCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGU

GCUGCUGAGCGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUACCUG

GUGCUGCACCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGA

GACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUGGGCUGCCCUCUGAGA

AGAGGCGCCCUGCUGCUGCUGAGCAUCUACUUCUACUACAGCCUGCCUAACGCCGUGGGCCCUCCUUUCAC

CUGGAUGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCCUGGCCCCU

GCCGAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAGCGUGGCCCACGGCCUGGCCUGGAGCUACUACA

UCGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAAC

CUGCUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCUCUGGACUGCGGCGUGCCUGACAACC

UGAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUC

AAGGACAGAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUGC

UGGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAG

GACAGACUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCCGACGCCCCUGAGAGCCA

GAACAACUGCAGACUGAUCGCCUACCAGGAGCCUGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAGGUGC

UGAGACACCUGAGACAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACCAGCGCCGUGCCUAG

CACCAGCACCAUGAGCCAGGAGCCUGAGCUGCUGAUCAGCGGCAUGGAGAAGCCUCUGCCUCUGAGAACCG

ACUUCAGC 

 (Hu STING(N154S); no epitope tag; nucleotide sequence) 

205 AUGCCUCACAGCAGCCUGCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGU

GCUGCUGAGCGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUACCUG

GUGCUGCACCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGA

GACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUGGGCUGCCCUCUGAGA

AGAGGCGCCCUGCUGCUGCUGAGCAUCUACUUCUACUACAGCCUGCCUAACGCCGUGGGCCCUCCUUUCAC

CUGGAUGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCCUGGCCCCU

GCCGAGAUCAGCGCCCUGUGCGAGAAGGGCAACUUCAACGUGGCCCACGGCCUGGCCUGGAGCUACUACAU

CGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAACC

UGCUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCUCUGGACUGCGGCGUGCCUGACAACCU

GAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUCA

AGGACAGAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUGCU

GGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAGG

ACAGACUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCCGACGCCCCUGAGAGCCAG

AACAACUGCAGACUGAUCGCCUACCAGGAGCCUGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAGGUGCU

GAGACACCUGAGACAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACCAGCGCCGUGCCUAGC

ACCAGCACCAUGAGCCAGGAGCCUGAGCUGCUGAUCAGCGGCAUGGAGAAGCCUCUGCCUCUGAGAACCGA

CUUCAGC 

 (Hu STING(V147L); no epitope tag; nucleotide sequence) 

206 AUGCCUCACAGCAGCCUGCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGU

GCUGCUGAGCGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUACCUG
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GUGCUGCACCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGA

GACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUGGGCUGCCCUCUGAGA

AGAGGCGCCCUGCUGCUGCUGAGCAUCUACUUCUACUACAGCCUGCCUAACGCCGUGGGCCCUCCUUUCAC

CUGGAUGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCCUGGCCCCU

GCCGAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAACGUGGCCCACGGCCUGGCCUGGAGCUACUACA

UCGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAAC

CUGCUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCUCUGGACUGCGGCGUGCCUGACAACC

UGAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUC

AAGGACAGAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUGC

UGGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAG

GACAGACUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCCGACGCCCCUGAGAGCCA

GAACAACUGCAGACUGAUCGCCUACCAGCAGCCUGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAGGUGC

UGAGACACCUGAGACAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACCAGCGCCGUGCCUAG

CACCAGCACCAUGAGCCAGGAGCCUGAGCUGCUGAUCAGCGGCAUGGAGAAGCCUCUGCCUCUGAGAACCG

ACUUCAGC 

 (Hu STING (E315Q); no epitope tag; nucleotide sequence) 

207 AUGCCUCACAGCAGCCUGCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGU

GCUGCUGAGCGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUACCUG

GUGCUGCACCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGA

GACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUGGGCUGCCCUCUGAGA

AGAGGCGCCCUGCUGCUGCUGAGCAUCUACUUCUACUACAGCCUGCCUAACGCCGUGGGCCCUCCUUUCAC

CUGGAUGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCCUGGCCCCU

GCCGAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAACGUGGCCCACGGCCUGGCCUGGAGCUACUACA

UCGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAAC

CUGCUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCUCUGGACUGCGGCGUGCCUGACAACC

UGAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUC

AAGGACAGAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUGC

UGGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAG

GACAGACUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCCGACGCCCCUGAGAGCCA

GAACAACUGCAGACUGAUCGCCUACCAGGAGCCUGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAGGUGC

UGAGACACCUGAGACAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACCAGCGCCGUGCCUAG

CACCAGCACCAUGAGCCAGGAGCCUGAGCUGCUGAUCAGCGGCAUGGAGAAGCCUCUGCCUCUGGCCACCG

ACUUCAGC 

 (Hu STING (R375A); no epitope tag; nucleotide sequence) 

208 AUGCCUCACAGCAGCCUGCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGU

GCUGCUGAGCGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUACCUG

GUGCUGCACCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGA

GACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUGGGCUGCCCUCUGAGA

AGAGGCGCCCUGCUGCUGCUGAGCAUCUACUUCUACUACAGCCUGCCUAACGCCGUGGGCCCUCCUUUCAC

CUGGAUGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCCUGGCCCCU

GCCGAGAUCAGCGCCCUGUGCGAGAAGGGCAACUUCAGCAUGGCCCACGGCCUGGCCUGGAGCUACUACAU

CGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAACC

UGCUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCUCUGGACUGCGGCGUGCCUGACAACCU

GAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUCA

AGGACAGAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUGCU

GGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAGG

ACAGACUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCCGACGCCCCUGAGAGCCAG

AACAACUGCAGACUGAUCGCCUACCAGGAGCCUGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAGGUGCU

GAGACACCUGAGACAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACCAGCGCCGUGCCUAGC

ACCAGCACCAUGAGCCAGGAGCCUGAGCUGCUGAUCAGCGGCAUGGAGAAGCCUCUGCCUCUGAGAACCGA

CUUCAGC 
 (Hu STING(V147L/N154S/V155M); no epitope tag; nucleotide sequence) 

209 AUGCCUCACAGCAGCCUGCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGU

GCUGCUGAGCGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUACCUG

GUGCUGCACCUGGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGA

GACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUGGGCUGCCCUCUGAGA
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AGAGGCGCCCUGCUGCUGCUGAGCAUCUACUUCUACUACAGCCUGCCUAACGCCGUGGGCCCUCCUUUCAC

CUGGAUGCUGGCCCUGCUGGGCCUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUGAAGGGCCUGGCCCCU

GCCGAGAUCAGCGCCCUGUGCGAGAAGGGCAACUUCAGCAUGGCCCACGGCCUGGCCUGGAGCUACUACAU

CGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAACC

UGCUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCUCUGGACUGCGGCGUGCCUGACAACCU

GAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUCA

AGGACAGAGUGUACAGCAACAGCAUCUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGUGCU

GGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAGG

ACAUGCUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCCGACGCCCCUGAGAGCCAG

AACAACUGCAGACUGAUCGCCUACCAGGAGCCUGCCGACGACAGCAGCUUCAGCCUGAGCCAGGAGGUGCU

GAGACACCUGAGACAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACCAGCGCCGUGCCUAGC

ACCAGCACCAUGAGCCAGGAGCCUGAGCUGCUGAUCAGCGGCAUGGAGAAGCCUCUGCCUCUGAGAACCGA

CUUCAGC 
 (Hu STING(R284M/V147L/N154S/V155M); no epitope tag; nucleotide sequence) 

210 UGAUAAUAGGCUGGAGCCUCGGUGGCCUAGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUCCUCCCCUU

CCUGCACCCGUACCCCCCAAACACCAUUGUCACACUCCAGUGGUCUUUGAAUAAAGUCUGAGUGGGCGGC 

(3’ UTR used in STING V155M construct, containing miR122 binding site) 

211 AUGGAGACCCCCAAGCCUAGAAUCCUGCCCUGGCUGGUGAGCCAGCUGGACCUGGGCCAGCUGGAGGGCG

UAGCCUGGCUGGACGAGAGCAGAACCAGAUUCAGAAUCCCCUGGAAGCACGGCCUGAGACAAGACGCCCAG

AUGGCCGACUUCGGCAUCUUCCAGGCCUGGGCCGAGGCCAGCGGCGCCUACACCCCUGGCAAGGAUAAGCC

CGAUGUGAGCACCUGGAAGAGAAACUUCAGAAGCGCCCUGAACAGAAAGGAGGUGCUGAGACUGGCCGCC

GACAAUAGCAAGGACCCCUACGACCCCCACAAGGUGUACGAGUUCGUUACCCCCGGCGCCAGGGACUUCGU

GCACCUGGGCGCCAGCCCCGACACCAACGGCAAGAGCAGCCUGCCCCACAGCCAGGAGAACCUGCCCAAGCU

GUUCGAUGGCCUGAUCCUGGGCCCCCUGAAGGACGAGGGCAGCAGCGACCUGGCCAUCGUGAGCGACCCU

AGCCAGCAGCUGCCCUCCCCCAACGUGAACAACUUCCUGAACCCCGCCCCCCAGGAGAACCCCCUGAAGCAAC

UGCUGGCCGAGGAGCAGUGGGAGUUCGAGGUGACCGCCUUCUACAGAGGCAGACAGGUGUUCCAGCAGAC

CCUGUUCUGCCCCGGCGGCCUGAGACUGGUAGGCAGCACCGCUGACAUGACCCUGCCCUGGCAGCCCGUGA

CCCUGCCCGACCCCGAAGGCUUUCUGACCGACAAGCUGGUGAAGGAGUACGUCGGCCAAGUGCUGAAGGG

CCUGGGCAACGGCCUGGCCCUGUGGCAGGCCGGCCAGUGCCUGUGGGCCCAGAGACUCGGCCACAGCCACG

CCUUCUGGGCCCUGGGCGAGGAACUCCUGCCCGAUAGCGGCAGAGGCCCCGACGGCGAGGUGCACAAGGAC

AAGGACGGCGCCGUGUUCGACCUGCGCCCCUUCGUGGCCGACCUGAUCGCCUUCAUGGAGGGCAGCGGCC

ACAGCCCCAGAUAUACCCUGUGGUUCUGCAUGGGCGAGAUGUGGCCCCAGGACCAGCCCUGGGUGAAGAG

ACUGGUGAUGGUGAAGGUGGUGCCCACCUGCCUGAAAGAGCUGCUGGAGAUGGCCAGAGAGGGCGGCGC

CAGCUCCCUGAAAACCGUGGACCUGCACAUUGACAACAGCCAGCCCAUCAGCCUGACCAGCGACCAGUACAA

GGCCUACCUGCAGGACCUGGUGGAGGACAUGGACUUCCAGGCCACCGGCAACAUC 

 (super mouse IRF3 S396D; no epitope tag) 

212 AUGGGCACCCCCAAGCCCAGAAUCCUGCCCUGGCUGGUGAGCCAGCUGGACCUGGGCCAGCUGGAGGGAG

UGGCCUGGGUGAACAAGAGCAGAACCAGAUUCAGAAUCCCCUGGAAGCACGGCCUCAGACAGGACGCCCAG

CAGGAGGACUUCGGCAUUUUUCAGGCUUGGGCCGAGGCCACCGGCGCCUACGUGCCCGGCAGAGACAAGC

CCGACCUGCCCACCUGGAAAAGAAACUUCAGAAGCGCCUUGAAUAGAAAGGAGGGCCUGAGACUGGCCGAG

GACAGAAGCAAGGACCCCCACGACCCUCACAAGAUCUACGAGUUCGUGAAUAGCGGCGUGGGCGACUUUA

GCCAGCCCGACACCAGCCCCGACACCAACGGCGGCGGCAGCACCAGCGACACGCAGGAGGACAUCCUGGAUG

AACUGCUGGGCAACAUGGUGCUGGCCCCCCUGCCCGAUCCCGGCCCCCCUUCGCUUGCCGUGGCCCCCGAG

CCCUGCCCCCAGCCCCUGAGAAGCCCCUCUCUGGAUAACCCCACCCCCUUCCCCAACCUGGGCCCCAGCGAGA

AUCCACUGAAGAGACUUCUGGUCCCCGGCGAGGAGUGGGAGUUCGAGGUGACCGCCUUCUACAGAGGCAG

ACAGGUGUUCCAGCAGACCAUCAGCUGCCCCGAAGGCCUGAGAUUAGUGGGCAGCGAAGUGGGCGACAGG

ACCCUGCCCGGGUGGCCCGUGACCCUGCCCGAUCCCGGCAUGAGCCUGACCGACAGAGGUGUGAUGAGCUA

CGUGAGACACGUGCUGAGCUGCCUGGGCGGCGGCCUGGCACUGUGGAGAGCCGGCCAGUGGCUGUGGGC

CCAGAGACUGGGCCACUGCCACACCUACUGGGCCGUGAGCGAGGAGCUGCUGCCCAACAGCGGCCACGGCC

CCGACGGCGAGGUGCCCAAGGACAAGGAAGGGGGCGUGUUCGACCUGGGCCCCUUCAUCGUAGACCUGAU

CACCUUUACCGAGGGCAGCGGCAGGAGCCCCAGAUACGCCCUGUGGUUCUGCGUGGGCGAAAGCUGGCCC

CAGGACCAGCCCUGGACCAAGAGACUGGUGAUGGUGAAGGUAGUGCCCACCUGCCUGAGAGCCUUAGUGG

AGAUGGCCAGAGUGGGCGGGGCCAGCAGCCUGGAGAACACCGUGGAUCUUCACAUCGACAACAGCCACCCC

CUGAGCCUGACCAGCGACCAGUACAAGGCCUACCUGCAGGACCUGGUGGAGGGCAUGGACUUCCAGGGCCC

CGGCGAGACC 

 (super human IRF3 S396D; no epitope tag) 
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213 AUGGCGCUGGCCCCCGAAAGAGCCGCCCCCAGAGUCCUCUUCGGCGAAUGGCUCCUUGGCGAAAUUUCGUC

GGGCUGCUACGAGGGCUUACAAUGGCUGGAUGAGGCGAGAACCUGUUUCAGGGUGCCCUGGAAACACUU

CGCCAGAAAGGAUCUAAGCGAAGCAGAUGCUAGAAUUUUUAAGGCUUGGGCCGUGGCCAGGGGAAGAUG

GCCCCCCUCGAGCAGAGGCGGCGGCCCUCCCCCCGAGGCAGAAACGGCCGAGAGAGCCGGAUGGAAAACCAA

UUUCAGAUGCGCCCUGAGAUCUACAAGAAGAUUCGUGAUGCUUAGAGACAACAGCGGAGAUCCCGCCGAU

CCCCAUAAGGUGUAUGCCCUGUCCCGGGAGCUGUGCUGGAGGGAAGGGCCUGGCACUGACCAGACCGAAG

CCGAAGCCCCCGCGGCCGUGCCGCCGCCCCAAGGAGGCCCACCAGGCCCUUUCCUCGCUCACACCCACGCCGG

UCUGCAAGCCCCGGGACCUCUACCUGCCCCUGCCGGCGAUAAAGGCGACCUGUUGCUGCAGGCCGUCCAAC

AGAGCUGCCUGGCCGAUCAUCUGCUCACAGCCAGCUGGGGCGCUGACCCCGUCCCAACAAAGGCCCCCGGU

GAGGGCCAAGAAGGCCUGCCUCUGACCGGCGCCUGUGCCGGCGGCCCUGGCCUGCCUGCUGGCGAGCUGU

ACGGAUGGGCUGUCGAAACCACUCCCUCCCCCGGCCCCCAACCUGCGGCCCUGACAACCGGCGAGGCAGCCG

CACCCGAAAGCCCCCACCAGGCCGAACCCUACCUCAGUCCCAGCCCCUCCGCCUGCACCGCUGUGCAGGAGCC

CAGCCCCGGUGCUCUGGACGUAACAAUCAUGUACAAAGGCAGAACCGUGCUUCAGAAGGUGGUUGGACAC

CCCUCCUGUACUUUUCUCUACGGCCCCCCCGACCCUGCCGUGAGAGCUACCGACCCGCAACAGGUGGCCUU

UCCCUCGCCCGCCGAACUGCCCGAUCAAAAACAGCUGAGAUACACCGAGGAGCUGCUGAGACACGUGGCGC

CGGGCUUACACCUAGAGUUGAGAGGCCCCCAACUCUGGGCCAGACGCAUGGGCAAGUGUAAGGUGUACUG

GGAGGUCGGGGGCCCUCCCGGCUCUGCCAGCCCCAGCACCCCUGCUUGUCUCUUGCCCAGAAACUGUGAUA

CCCCCAUCUUCGACUUCCGUGUAUUUUUCCAGGAACUGGUCGAGUUUAGAGCCAGACAGAGACGAGGCAG

CCCCAGAUAUACAAUCUACCUCGGCUUCGGCCAGGACCUGAGUGCCGGCAGACCUAAGGAGAAGUCGCUGG

UCCUAGUGAAGUUAGAGCCCUGGCUAUGUAGAGUGCACCUGGAGGGCACCCAGAGAGAAGGAGUGAGCA

GCCUGGACAGCAGCAGCCUGAGUCUGUGCCUGAGCUCCGCCAACUCGCUGUAUGAUGACAUCGAGUGUUU

CCUCAUGGAGCUGGAGCAGCCCGCC 

(Wild-type Hu IRF7 isoform A; P037 without epitope tag) 

214 AUGGCCCUUGCCCCUGAGCGGGCCGCCCCCAGAGUGUUAUUCGGCGAGUGGCUGCUGGGCGAGAUCAGCA

GCGGCUGCUACGAGGGACUGCAGUGGCUGGACGAGGCUAGAACCUGCUUCAGAGUGCCCUGGAAGCAUU

UCGCCAGAAAAGACCUGAGCGAGGCUGAUGCUAGAAUCUUCAAAGCCUGGGCUGUGGCCCGAGGAAGAUG

GCCCCCCAGCAGCAGAGGAGGCGGCCCUCCUCCCGAGGCCGAAACCGCAGAGCGUGCUGGCUGGAAAACCA

ACUUUAGGUGUGCCCUGAGGAGCACCAGAAGAUUCGUUAUGCUCAGAGACAACAGCGGGGACCCCGCCGA

CCCGCACAAGGUGUACGCCUUAAGUAGGGAGCUGUGCUGGAGAGAGGGACCGGGGACCGACCAAACCGAG

GCUGAGGCGCCCGCCGCCGUUCCACCUCCCCAGGGUGGUCCCCCAGGGCCCUUUCUGGCACACACCCACGCC

GGAUUACAGGCGCCAGGGCCCUUACCCGCCCCCGCCGGAGACAAAGGCGACCUCCUGCUGCAAGCCGUGCA

ACAAAGCUGCCUGGCCGAUCACUUACUAACCGCUAGCUGGGGCGCCGAUCCUGUUCCCACCAAGGCCCCCG

GUGAAGGGCAAGAAGGACUGCCCUUAACCGGCGCCUGUGCCGGAGGCCCUGGUCUGCCAGCCGGCGAGCU

GUACGGUUGGGCUGUCGAAACAACACCCAGUCCGGGCCCACAGCCUGCCGCUCUGACCACCGGCGAAGCCG

CCGCCCCCGAGAGCCCACACCAGGCUGAACCCUACCUGAGCCCCAGCCCCAGCGCCUGCACCGCUGUGCAGG

AGCCUAGCCCCGGCGCUCUUGAUGUGACAAUAAUGUACAAGGGCAGGACCGUGCUGCAAAAGGUCGUGGG

CCAUCCGUCGUGUACCUUUCUGUACGGCCCUCCAGACCCCGCGGUUAGAGCCACCGACCCCCAGCAAGUCG

CCUUCCCCUCCCCCGCCGAACUGCCCGACCAAAAGCAGCUGCGGUACACAGAAGAACUACUUAGACACGUGG

CCCCCGGUCUGCACUUGGAGCUGAGAGGCCCCCAGCUCUGGGCCAGAAGAAUGGGCAAGUGCAAAGUGUA

CUGGGAGGUGGGCGGCCCACCCGGCUCAGCUUCGCCCUCCACACCCGCAUGCCUGCUGCCCAGAAAUUGCG

ACACGCCCAUCUUCGAUUUUAGAGUGUUCUUUCAGGAGUUGGUGGAGUUCAGAGCCAGACAAAGACGCG

GCAGCCCCAGAUACACCAUUUACCUCGGCUUCGGCCAGGACCUCAGCGCUGGCAGACCCAAGGAGAAGAGU

CUGGUCCUCGUGAAGCUGGAGCCCUGGCUGUGCAGAGUGCACCUGGAGGGCACCCAGCGUGAAGGCGUGA

GCAGCCUGGAUUCAAGCGACCUGGACCUAUGCCUAAGCAGCGCUAACUCACUGUACGACGAUAUCGAAUG

CUUCCUGAUGGAACUGGAGCAGCCUGCC 

(constitutively active Hu IRF7 S477D/S479D; P033 without epitope tag) 

215 AUGGCCCUGGCACCCGAGAGGGCCGCCCCCAGGGUGCUCUUCGGCGAGUGGUUACUAGGCGAAAUUAGCA

GCGGCUGCUAUGAAGGCCUUCAGUGGCUGGACGAGGCCAGAACCUGCUUUAGAGUUCCCUGGAAGCACUU

CGCCCGGAAAGAUCUCUCUGAAGCCGACGCCAGAAUAUUCAAGGCCUGGGCUGUCGCCAGGGGCAGGUGG

CCACCCUCCAGCCGAGGUGGCGGCCCUCCCCCUGAGGCUGAGACUGCGGAAAGGGCGGGCUGGAAGACCAA

UUUCAGAUGCGCUCUGAGAAGCACCAGACGUUUUGUGAUGCUAAGAGACAAUAGCGGCGAUCCCGCCGAC

CCCCAUAAGGUAUACGCACUGAGCCGAGAGCUCUGUUGGAGAGAAGGCCCCGGCACCGACCAGACCGAGGC

UGAAGCCCCUGCAGCCGUGCCCCCCCCUCAAGGCGGGCCCCCCGGCCCCUUCCUGGCCCAUACCCAUGCAGG

GUUACAAGCACCCGGGCCCUUGCCCGCCCCAGCGGGAGACAAGGGCGACCUCUUACUGCAGGCCGUGCAAC

AAAGUUGUCUGGCGGACCACCUGCUGACCGCAUCAUGGGGCGCGGAUCCUGUGCCCACCAAGGCACCCGGC

GAAGGCCAGGAGGGCCUGCCCUUGACCGGCGCCUGCGCUGGCGGACCCGGCCUACCUGCUGGCGAACUGU

AUGGCUGGGCCGUAGAGACGACUCCCAGCCCUGGCCCACAACCCGCGGCUUUGACCACCGGCGAAGCCGCC
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GCCCCCGAGUCUCCGCACCAGGCCGAGCCUUACCUCAGCCCAAGCCCUAGCGCCUGCACCGCCGUGCAAGAA

CCUAGCCCCGGAGCCCUGGAUGUGACAAUCAUGUACAAGGGUAGAACCGUACUGCAAAAGGUGGUGGGUC

AUCCCAGCUGCACCUUUCUUUACGGCCCACCCGACCCUGCCGUGCGAGCCACAGACCCACAACAGGUCGCCU

UCCCAAGCCCCGCCGAACUGCCCGAUCAGAAACAGCUGAGAUAUACAGAGGAGCUUCUGCGGCACGUAGCU

CCCGGCCUACAUCUCGAGCUGAGGGGCCCACAACUGUGGGCCAGACGCAUGGGCAAAUGCAAGGUCUACU

GGGAAGUGGGAGGCCCCCCCGGCAGCGCAUCUCCCAGCACGCCCGCGUGCCUGCUGCCUAGAAAUUGCGAC

ACCCCCAUCUUUGACUUCCGGGUAUUCUUUCAGGAGCUGGUAGAGUUCAGAGCCAGGCAGCGGAGGGGC

UCCCCCAGAUACACAAUCUACCUGGGCUUCGGACAGGACCUGUCCGCCGGCCGCCCCAAGGAAAAGAGCCU

GGUGCUGGUGAAGCUGGAGCCCUGGCUGUGUAGGGUACACCUCGAAGGCACCCAGAGAGAAGGAGUGAG

CUCGCUUGAUGACAGCGAUCUGUCGGAUUGCCUUAGCAGCGCCAACAGCCUGUAUGAUGAUAUCGAGUGC

UUCCUUAUGGAACUGGAGCAGCCCGCC 

 (constitutively active Hu IRF7 S475D/S477D/L480D; P034 without epitope tag) 

216 AUGGCCCUAGCCCCCGAAAGAGCAGCUCCCAGAGUGCUGUUCGGCGAAUGGCUGCUUGGCGAGAUCAGCA

GCGGCUGCUACGAAGGCCUGCAGUGGCUGGACGAAGCCCGCACCUGUUUCAGAGUGCCCUGGAAGCACUU

CGCUAGAAAGGAUUUGAGCGAGGCUGAUGCUAGAAUCUUUAAGGCUUGGGCUGUGGCAAGAGGCAGAUG

GCCGCCUAGUAGCAGAGGGGGCGGACCUCCCCCCGAGGCUGAGACCGCUGAGAGAGCAGGGUGGAAAACC

AACUUCAGAUGCGCGCUGAGAAGCACCCGAAGAUUCGUGAUGCUACGUGACAAUAGCGGCGACCCCGCCGA

CCCCCACAAAGUGUACGCCCUGUCCCGAGAACUUUGCUGGAGAGAGGGACCCGGCACCGAUCAAACAGAGG

CUGAGGCCCCGGCCGCUGUACCCCCGCCCCAAGGAGGCCCCCCAGGCCCCUUUCUGGCUCAUACACAUGCCG

GCCUGCAGGCACCCGGGCCCCUCCCGGCUCCUGCCGGCGACAAGGGCGAUCUCCUUCUCCAGGCCGUGCAG

CAGAGCUGCCUGGCCGAUCACCUGCUGACCGCCUCGUGGGGCGCCGACCCCGUGCCCACCAAAGCCCCGGG

UGAAGGCCAAGAGGGGCUCCCUUUAACCGGAGCAUGCGCCGGAGGCCCCGGCCUGCCAGCCGGCGAGUUA

UAUGGCUGGGCUGUGGAGACCACACCCUCCCCCGGCCCUCAACCCGCUGCCCUGACCACCGGUGAGGCCGCC

GCCCCCGAGAGCCCACACCAGGCCGAACCCUACCUGAGCCCUAGCCCUAGCGCCUGCACCGCCGUGCAAGAA

CCCAGCCCCGGAGCCCUGGAUGUGACCAUUAUGUACAAGGGCCGGACAGUGCUGCAAAAGGUUGUGGGAC

ACCCGAGCUGCACCUUUCUGUACGGUCCGCCUGACCCCGCCGUGAGAGCCACGGACCCGCAGCAGGUGGCC

UUCCCCUCACCCGCGGAGCUGCCCGACCAAAAGCAACUCAGAUACACAGAAGAACUAUUGCGUCACGUCGC

GCCCGGCCUGCAUCUGGAGCUGAGAGGCCCCCAGCUCUGGGCCAGAAGGAUGGGCAAAUGCAAGGUGUAC

UGGGAGGUGGGAGGCCCCCCCGGCAGCGCCAGCCCCAGCACUCCCGCGUGCCUGCUGCCCAGAAAUUGCGA

CACUCCCAUCUUCGAUUUCAGGGUGUUCUUCCAGGAGCUGGUGGAGUUCAGAGCCAGGCAGAGAAGGGG

UAGCCCCAGAUACACAAUCUAUCUAGGCUUUGGACAAGAUCUGAGCGCCGGCCGGCCUAAGGAAAAAAGCC

UGGUGCUGGUAAAGCUGGAGCCGUGGCUUUGUAGAGUGCACCUGGAGGGGACGCAGCGAGAGGGCGUGA

GCAGCUUAGACGACGAUGACUUGGAUCUGUGUCUCGACAGCGCCAACGACUUGUACGACGACAUCGAGUG

CUUCCUGAUGGAACUGGAGCAGCCCGCC 

 (constitutively active Hu IRF7 S475D/S476D/S477D/S479D/S483D/S487D; P035 without epitope tag) 

217 AUGGCCCUGGCCCCCGAGAGAGCCGCCCCCAGAGUGCUCUUCGGCGAGUGGCUGCUGGGCGAGAUAAGCA

GCGGCUGCUACGAAGGUCUGCAGUGGCUAGACGAGGCCAGAACCUGCUUUAGAGUGCCCUGGAAGCACUU

CGCUCGAAAGGACCUGUCCGAGGCCGAUGCUAGAAUUUUUAAGGCUUGGGCCGUCGCUAGGGGAAGAUG

GCCCCCUAGCAGUAGAGGCGGCGGCCCCCCUCCCGAAGCCGAGACGGCCGAGAGGGCCGGCUGGAAAACCA

AUUUCAGAUGCGCCCUGAGGAGCACCCGCAGGUUCGUAAUGCUGCGAGACAAUAGCGGCGAUCCUGCGGA

UCCUCACAAGGUUUACGCCUUGAGUAGAGAACUGUGCUGGCGGGAGGGCCCCGGAACCGACCAGACGGAG

GCAGAGGCACCCGCUGCCGUGCCCCCCCCUCAAGGAGGACCCCCUGGACCCUUUCUGGCCCACACCCACGCU

GGUCUGCAGGCCCCAGGCCCACUGCCCGCCCCAGCGGGCGAUAAGGGUGACCUGCUCCUACAGGCGGUGCA

ACAGAGCUGUCUGGCCGACCACCUGUUGACCGCCAGCUGGGGGGCCGACCCGGUGCCCACCAAAGCUCCCG

GAGAGGGCCAAGAAGGCCUCCCACUAACUGGCGCCUGCGCCGGGGGCCCGGGAUUACCCGCCGGCGAGCUG

UAUGGCUGGGCCGUGGAGACCACGCCCAGCCCCGAGGGCGUGUCGUCCCUGGACAGCAGCAGCCUGAGCCU

GUGCCUGAGCUCCGCCAACAGCCUGUAUGACGACAUCGAGUGCUUCCUGAUGGAGCUGGAACAACCCGCC 

 (constitutively active truncated Hu IRF7 1-246 + 468-503; P032 without epitope tag) 

218 AUGGCACUGGCGCCUGAAAGAGCCGCUCCGCGUGUGCUCUUCGGCGAGUGGCUGCUGGGCGAGAUCAGCU

CCGGCUGCUACGAGGGUCUACAGUGGCUGGACGAGGCCAGAACCUGUUUUAGAGUGCCCUGGAAGCACUU

CGCGAGAAAGGACCUGAGCGAGGCCGACGCCAGAAUCUUCAAAGCCUGGGCAGUGGCUAGGGGCAGAUGG

CCUCCCAGCAGCCGGGGCGGCGGCCCACCCCCCGAGGCCGAAACCGCCGAAAGAGCUGGCUGGAAGACCAAC

UUCAGAUGCGCCCUGAGAAGCACCAGAAGAUUUGUCAUGCUGAGAGAUAAUUCAGGAGACCCCGCCGACC

CUCACAAGGUGUACGCCCUGUCCAGAGAGCUGUGUUGGAGAGAGGGCCCCGGAACCGACCAGACCGAGGC

CGAGGCUCCAGCUGCCGUGCCACCCCCCCAAGGCGGACCACCCGGCCCCUUCUUGGCACAUACGCACGCCGG

CCUCCAGGCUCCCGGCCCUCUGCCCGCCCCUGCUGGUGACAAAGGCGAUCUGCUGCUGCAAGCCGUCCAGC
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AAUCCUGCUUGGCUGACCACCUGCUGACCGCUAGCUGGGGAGCCGACCCCGUUCCCACCAAGGCUCCCGGA

GAAGGACAGGAGGGCCUGCCCCUUACCGGCGCUUGCGCGGGGGGCCCUGGCUUGCCUGCCGGCGAACUGU

ACGGCUGGGCCGUGGAGACCACGCCUUCCCCCGAGGGCGUGUCCAGCCUGGACGAUGAUGACCUGGAUCU

GUGCCUGGACAGCGCCAACGACCUGUACGAUGACAUCGAGUGCUUUUUGAUGGAGCUGGAGCAGCCCGCC 

 (constitutively active truncated Hu IRF7 1-246 + 468-503 plus 

S475D/S476D/S477D/S479D/S483D/S487D; P036 without epitope tag) 

219 AUGGCCCUGGCCCCCGAGAGAGCCGCGCCCAGAGUGCUGUUCGGCGAAUGGCUGCUGGGCGAGAUCAGCA

GCGGCUGCUAUGAGGGCCUGCAGUGGCUCGACGAAGCCAGGACGUGCUUCAGAGUCCCCUGGAAGCACUU

CGCCAGAAAGGAUCUGAGCGAGGCUGACGCCAGAAUCUUCAAGGCCUGGGCAGUUGCGCGUGGGAGAUGG

CCCCCCAGCUCGCGGGGCGGCGGUCCCCCCCCUGAGGCCGAGACCGCCGAAAGAGCCGGAUGGAAAACCAAC

UUUCGAUGCGCCCUCAGAAGCACCAGACGGUUUGUGAUGCUGAGAGAUAACAGCGGCGACCCUGCAGACC

CCCAUAAAGUGUAUGCCCUGAGCAGAGAGCUGUGUUGGCGAGAGGGCCCCGGAACCGACCAAACCGAGGC

CGAGGCCCCCGCCGCCGUACCCCCCCCUCAAGGCCCCCAGCCUGCUGCUCUGACCACGGGAGAAGCCGCCGC

UCCUGAGAGCCCCCACCAAGCCGAGCCCUAUCUGAGCCCUAGCCCCAGCGCCUGCACCGCCGUGCAGGAGCC

CUCACCGGGCGCCCUAGACGUGACCAUCAUGUACAAGGGGCGCACGGUGCUGCAAAAGGUGGUGGGCCAC

CCCAGCUGCACCUUCCUGUACGGCCCCCCCGACCCUGCCGUGAGAGCCACCGACCCCCAGCAAGUCGCCUUC

CCCAGCCCCGCCGAGCUGCCCGACCAGAAGCAGCUGAGGUACACCGAGGAGUUGCUGAGACAUGUGGCCCC

CGGCUUGCACCUCGAGCUGAGAGGCCCGCAGCUCUGGGCCAGAAGAAUGGGCAAGUGCAAGGUGUACUGG

GAGGUGGGCGGCCCCCCCGGCAGCGCGAGCCCAAGCACCCCGGCCUGCCUGCUGCCUAGAAACUGCGACACC

CCUAUCUUCGACUUCAGAGUAUUUUUCCAGGAGCUGGUCGAGUUCAGGGCCAGACAGCGUAGAGGCAGCC

CCAGAUACACCAUCUACCUUGGAUUCGGCCAGGACCUGAGCGCCGGCAGACCCAAAGAGAAGUCCCUGGUA

CUGGUGAAGCUAGAGCCCUGGCUGUGUAGGGUGCAUCUGGAAGGCACCCAAAGAGAGGGCGUAAGCUCGC

UUGACAGCAGCAGCCUCAGCCUGUGCCUGAGCAGCGCUAACAGCUUAUACGACGACAUCGAGUGCUUCCU

GAUGGAGCUGGAACAACCCGCC 

 (truncated Hu IRF7 1-151 + 247-503; P038 without epitope tag; null mutation) 

220 AUGGGCGGCCCUCCCGGGCCUUUCCUGGCCCAUACACACGCCGGCCUACAGGCUCCUGGCCCUCUGCCCGCC

CCGGCCGGCGACAAGGGCGACCUCCUGCUGCAGGCCGUGCAGCAGUCCUGUCUGGCCGACCACCUGCUGAC

UGCUAGCUGGGGCGCCGAUCCCGUGCCCACCAAGGCCCCAGGAGAGGGGCAAGAGGGCCUGCCUCUAACCG

GCGCAUGCGCAGGUGGACCAGGCCUCCCCGCCGGCGAGCUGUAUGGUUGGGCCGUGGAGACAACCCCCAGC

CCCGGCCCGCAGCCUGCUGCGCUGACCACAGGCGAGGCCGCUGCCCCUGAGAGCCCCCACCAAGCUGAACCC

UACCUGAGCCCCAGCCCCUCUGCCUGCACAGCGGUGCAGGAGCCCAGUCCCGGCGCCUUGGACGUGACCAU

CAUGUAUAAGGGCAGGACUGUGUUACAAAAGGUAGUGGGCCACCCAAGUUGUACCUUUCUGUACGGGCCC

CCCGACCCAGCCGUGCGCGCCACCGACCCCCAGCAGGUGGCCUUCCCCAGCCCCGCUGAGUUGCCCGAUCAG

AAACAACUCCGGUACACCGAGGAAUUACUUAGACAUGUGGCUCCCGGCCUGCAUCUGGAGCUUAGAGGUC

CACAGUUGUGGGCCAGAAGAAUGGGCAAGUGCAAGGUUUAUUGGGAGGUCGGAGGCCCCCCGGGCAGCG

CCAGCCCCAGCACCCCCGCCUGUCUUCUGCCCAGAAACUGCGACACCCCAAUCUUCGAUUUCAGAGUGUUU

UUCCAGGAACUGGUGGAGUUCAGAGCAAGGCAAAGAAGAGGCAGCCCUAGAUACACCAUCUACCUGGGCU

UUGGCCAAGACCUGAGCGCCGGCAGACCCAAGGAAAAAUCCCUGGUCCUGGUGAAACUGGAGCCCUGGCU

GUGCAGAGUCCACCUGGAGGGCACCCAGAGAGAGGGCGUGAGCAGCCUGGACUCGAGCAGCCUGUCCCUG

UGUCUGAGCAGCGCGAAUUCGCUAUAUGACGACAUCGAAUGCUUUCUGAUGGAGCUGGAACAGCCCGCC 

 (truncated Hu IRF7 152-503; P039 without epitope tag; null mutation) 

221 AUGCCUCACAGCAGCCUCCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUCGUG

CUUUUAAGCGCCUGCUUGGUGACCCUUUGGGGCUUGGGCGAGCCUCCAGAGCACACCUUGAGAUAUUUG

GUGCUCCACCUGGCCAGCCUUCAGCUGGGCUUGUUACUCAACGGCGUGUGCAGCCUGGCCGAGGAGCUGA

GACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCGUGUCUGGGCUGCCCUCUGAG

AAGAGGCGCCUUGCUUCUUCUCAGUAUCUACUUCUACUACUCCCUGCCUAACGCCGUGGGCCCUCCUUUC

ACCUGGAUGCUGGCACUGCUCGGCCUCAGCCAGGCCCUGAACAUCUUGUUGGGCUUGAAGGGCCUGGCCC

CUGCCGAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAACAUGGCCCACGGAUUGGCUUGGAGCUACUA

CAUCGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACA

ACCUGCUGCGCGGCGCAGUGAGCCAGAGACUGUAUAUUCUGCUGCCUCUGGACUGCGGCGUGCCUGACAA

CCUGAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCA

UCAAGGACAGAGUGUACAGCAACAGCAUCUAUGAGCUGCUCGAGAAUGGCCAGAGAGCCGGCACCUGCGU

GCUGGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUAUAGUCAAGCUGGCUUCAGCAGA

GAGGACAGACUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUUCUGGCUGACGCCCCUGAGA

GCCAGAACAACUGCCGACUGAUCGCCUACCAGGAACCAGCCGACGACAGCAGCUUCAGUCUUUCUCAGGAG

GUUCUUCGCCACUUGCGCCAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACCUCCGCAGUCC
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CUAGCACCAGCACCAUGAGUCAGGAGCCGGAGCUAUUAAUCAGCGGCAUGGAGAAGCCUCUUCCACUCCGA

ACCGACUUCAGCGCCACCAACUUCAGCCUGCUGAAGCAGGCAGGUGACGUUGAGGAGAAUCCGGGACCUA

UGACCGAGUACAAGCUGGUGGUUGUGGGCGCCGACGGCGUGGGCAAGAGCGCCCUGACCAUCCAGCUGAU

CCAG 

(KRAS(G12D)25mer_nt.STING(V155M))   

222 AUGACCGAGUACAAGCUAGUAGUCGUGGGCGCCGACGGCGUGGGCAAGAGCGCCCUCACCAUCCAGCUAA

UCCAGGCCACCAACUUCAGCUUGCUCAAGCAGGCCGGCGACGUGGAGGAGAACCCAGGCCCUAUGCCUCAC

AGCAGCCUUCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGUGCUGCUGAG

CGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUAUCUGGUGCUUCAC

CUGGCCAGUUUACAGCUGGGCCUGCUUCUUAACGGCGUGUGCAGCCUGGCCGAGGAGCUGAGACACAUCC

ACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCCUGCCUAGGCUGCCCUCUGAGAAGAGGCGC

UCUGUUGCUACUUUCCAUCUACUUCUACUACUCCCUGCCUAACGCCGUGGGCCCUCCUUUCACUUGGAUG

CUGGCGUUGCUGGGUCUGAGCCAGGCCCUGAACAUCCUUCUCGGUCUGAAGGGCCUGGCCCCUGCCGAGA

UCAGCGCCGUGUGCGAGAAGGGCAACUUCAACAUGGCCCACGGACUCGCCUGGAGCUACUACAUCGGCUAC

CUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAACCUGCUGCG

GGGCGCCGUGAGCCAGAGACUGUAUAUACUUCUUCCUCUGGACUGCGGCGUGCCUGACAACCUGAGCAUG

GCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUCAAGGACAG

AGUGUACAGCAACUCCAUUUAUGAGCUGCUCGAGAAUGGCCAGAGAGCCGGCACCUGCGUGCUGGAGUAC

GCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGUCAGGCUGGAUUCAGCAGAGAGGACAGACU

GGAGCAGGCCAAGCUGUUCUGCAGGACACUGGAGGACAUACUAGCAGACGCCCCUGAGAGCCAGAACAACU

GCAGACUGAUUGCCUACCAGGAGCCUGCGGACGACAGCUCCUUCAGUCUGAGUCAGGAGGUGUUGCGGCA

CUUACGCCAAGAAGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACUAGCGCUGUGCCUAGCACCAGC

ACAAUGUCACAGGAGCCGGAAUUGCUAAUCAGCGGCAUGGAGAAGCCUCUCCCAUUACGUACCGACUUCA

GC 

(KRAS(G12D)25mer_ct.STING(V155M)) 

223 AUGCCUCACAGCAGCCUUCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUAGUG

CUCCUUAGCGCCUGCCUCGUGACCCUAUGGGGCUUAGGCGAGCCUCCAGAGCACACCUUGAGAUACCUCGU

CCUCCACCUGGCUAGUCUACAGCUGGGCCUUCUCCUCAACGGCGUGUGCAGCCUGGCCGAGGAGCUGAGA

CACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCGUGCCUGGGCUGCCCUCUGAGAA

GAGGCGCACUGCUGUUACUCAGCAUCUACUUCUACUACUCACUGCCAAACGCCGUGGGCCCUCCUUUCACC

UGGAUGCUGGCCUUGCUCGGAUUGAGCCAGGCCCUGAACAUUUUACUGGGAUUGAAGGGCCUGGCCCCU

GCCGAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAACAUGGCCCACGGCCUAGCUUGGAGCUACUACA

UCGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACAAC

CUGCUGCGUGGAGCGGUGAGCCAGAGACUGUAUAUCCUCCUGCCUCUGGACUGCGGAGUGCCUGACAACC

UGAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCAUC

AAGGACAGAGUGUACAGCAACUCAAUCUACGAGCUGUUGGAGAAUGGCCAGAGAGCCGGCACCUGCGUGC

UGGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACUCUCAGGCAGGCUUCAGCAGAGAG

GACAGACUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGACAUCCUGGCGGACGCCCCUGAGAGCCA

GAACAACUGCCGGCUUAUCGCCUACCAGGAGCCAGCAGACGACAGCAGCUUCUCUCUCUCACAAGAGGUAC

UGCGCCAUCUUCGCCAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACAUCCGCCGUACCUAG

CACCAGCACCAUGUCUCAGGAACCGGAACUGUUGAUCAGCGGCAUGGAGAAGCCUCUGCCACUGCGCACCG

ACUUCAGCGCCACCAACUUCUCCCUACUGAAGCAAGCCGGUGACGUUGAAGAGAACCCUGGCCCUAUGACC

GAGUACAAGCUGGUAGUAGUAGGCGCCGACGGCGUGGGCAAGAGCGCCCUGACCAUCCAGCUGAUCCAGA

UGACUGAAUAUAAGCUUGUCGUCGUGGGCGCAGAUGGCGUUGGUAAGAGCGCACUUACAAUUCAACUCA

UUCAGAUGACGGAGUAUAAGCUGGUGGUGGUCGGAGCUGACGGCGUAGGCAAGAGUGCCCUUACUAUUC

AGCUAAUUCAG 

(KRAS(G12D)25mer^3_nt.STING(V155M)) 

224 AUGACCGAGUACAAGCUUGUGGUGGUUGGCGCCGACGGCGUGGGCAAGAGCGCCUUAACCAUCCAGCUUA

UCCAGAUGACAGAGUAUAAGCUAGUGGUGGUCGGCGCAGACGGAGUGGGAAAGAGUGCAUUAACUAUUC

AACUCAUCCAAAUGACCGAAUACAAGCUAGUAGUUGUGGGUGCAGAUGGCGUCGGCAAGUCUGCACUGAC

AAUUCAGCUCAUCCAGGCCACCAACUUCAGCCUGCUGAAGCAGGCCGGCGACGUGGAGGAGAACCCUGGCC

CUAUGCCUCACAGCAGCCUGCACCCUAGCAUCCCUUGCCCUAGAGGCCACGGCGCCCAGAAGGCCGCCCUGG

UGCUGCUGAGCGCCUGCCUGGUGACCCUGUGGGGCCUGGGCGAGCCUCCUGAGCACACCCUGAGAUACCU

AGUUUUGCACCUGGCUUCUCUGCAGCUGGGCCUACUGCUCAACGGCGUGUGCAGCCUGGCCGAGGAGCUG

AGACACAUCCACAGCAGAUACAGAGGCAGCUACUGGAGAACCGUGAGAGCAUGCUUAGGCUGCCCUCUGA

GAAGAGGCGCUCUGCUCCUCUUGUCCAUCUACUUCUACUACUCGCUACCUAACGCCGUGGGCCCUCCUUUC
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ACCUGGAUGCUGGCCCUCUUGGGAUUAAGCCAGGCCCUGAACAUCUUGCUGGGACUGAAGGGCCUGGCCC

CUGCCGAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAACAUGGCCCACGGACUCGCUUGGAGCUACUA

CAUCGGCUACCUGAGACUGAUCCUGCCUGAGCUGCAGGCCAGAAUCAGAACCUACAACCAGCACUACAACA

ACCUGCUGCGGGGAGCAGUGAGCCAGAGACUGUAUAUUCUGCUCCCUCUGGACUGCGGCGUGCCUGACAA

CCUGAGCAUGGCCGACCCUAACAUCAGAUUCCUGGACAAGCUGCCUCAGCAGACCGGCGACCACGCCGGCA

UCAAGGACAGAGUGUACAGCAACAGCAUUUACGAGCUGCUGGAGAACGGCCAGAGAGCCGGCACCUGCGU

GCUGGAGUACGCCACCCCUCUGCAGACCCUGUUCGCCAUGAGCCAGUACUCCCAGGCAGGAUUCAGCAGAG

AGGACAGACUGGAGCAGGCCAAGCUGUUCUGCCGUACUCUUGAGGACAUCCUUGCAGACGCCCCUGAGAG

CCAGAACAACUGCCGGUUGAUUGCCUACCAGGAACCGGCAGACGACAGCUCAUUCUCCUUGUCUCAGGAG

GUCCUUAGACACCUGCGGCAGGAGGAGAAGGAGGAGGUGACCGUGGGCAGCCUGAAGACAUCCGCCGUGC

CUAGCACGUCUACCAUGUCCCAGGAGCCGGAACUGCUAAUCAGCGGCAUGGAGAAGCCUCUGCCUCUCAGG

ACCGACUUCAGC 

(KRAS(G12D)25mer^3_ct.STING(V155M)) 

225 AUGCCCCAUAGCAGCCUGCACCCCAGCAUCCCCUGCCCCAGAGGCCACGGCGCCCAGAAGGCCGCCCUGGUC

CUGCUGAGCGCAUGCCUGGUCACCCUGUGGGGCCUGGGCGAGCCCCCCGAGCACACCCUGAGAUACCUGGU

GCUGCACCUCGCCAGCCUGCAGCUGGGCCUGCUGCUGAACGGCGUGUGCAGCCUGGCCGAGGAGCUGAGA

CACAUCCACAGCAGAUAUAGAGGCAGCUACUGGAGAACCGUGAGAGCUUGCCUCGGCUGCCCCCUGAGAAG

AGGCGCCCUGCUGCUGCUGAGCAUCUACUUUUACUACAGCCUGCCCAACGCUGUGGGCCCCCCUUUCACGU

GGAUGCUCGCCCUGCUGGGACUGAGCCAGGCCCUGAACAUCCUGCUGGGCCUUAAGGGCCUAGCCCCCGCC

GAGAUCAGCGCCGUGUGCGAGAAGGGCAACUUCAAUGUGGCCCACGGCCUGGCCUGGAGCUACUACAUCG

GCUACCUGAGACUGAUCCUGCCCGAGCUGCAGGCCAGAAUCAGAACCUACAAUCAGCACUACAACAACCUG

CUGAGAGGCGCCGUGAGCCAGAGACUGUACAUCCUGCUGCCCCUGGACUGCGGCGUGCCCGACAACCUCAG

CAUGGCCGACCCCAACAUCAGAUUCCUGGACAAGCUGCCCCAGCAGACCGGCGACCACGCCGGCAUCAAGGA

UCGCGUGUACAGCAACAGCAUCUACGAGCUGCUGGAAAACGGCCAGAGAGCCGGAACCUGCGUGCUGGAG

UACGCCACACCCCUGCAGACCCUGUUCGCCAUGAGCCAGUACAGCCAGGCCGGCUUCAGCAGAGAGGACAA

GCUGGAGCAGGCCAAGCUGUUCUGCAGAACCCUGGAGGAUAUCCUCGCCGACGCCCCCGAGAGCCAGAACA

ACUGCAGGCUGAUCGCGUACCAGGAGCCCGCUGACGACAGCAGCUUUAGCCUGAGCCAGGAGGUGCUGAG

ACAUCUGCGUCAAGAGGAAAAGGAGGAGGUGACCGUGGGCUCCCUGAAGACCAGCGCCGUGCCCAGCACCA

GCACCAUGAGCCAGGAGCCCGAGCUGCUGAUCAGCGGCAUGGAGAAGCCACUGCCCCUCAGAACCGACUUC

AGCACC 

(Hu STING (R284K) var; no epitope tag) 

226 ATIGTAMYK (EBV BRLF1 peptide) 

227 SIIPSGPLK (FLU peptide) 

228 AVDLSHFLK (HIV NEF peptide) 

229 AVFDRKSDAK (EBV peptide) 

230 YVNVNMGLK (HBV core antigen peptide) 

231 RVCEKMALY (HC peptide) 

232 KLGGALQAK (CMV peptide) 
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What is claimed is: 
 

1.  An immunomodulatory therapeutic composition comprising an mRNA formulated in a 

lipid nanoparticle (LNP), wherein: 

the mRNA comprises an open reading frame encoding a concatemer of four KRAS 

activating oncogene mutation peptides, each of the KRAS activating oncogene mutation 

peptides having an amino acid sequence independently selected from the group consisting 

of SEQ ID NOs: 121, 36, 39, 122, 37, 40, 123, 38, 41, 124, 125, and 72. 

 

2. The immunomodulatory therapeutic composition of claim 1, wherein the concatemer 

comprises the KRAS activating oncogene mutation peptides having SEQ ID NOs: 39, 40, 41, 

and 72.  

 

3. The immunomodulatory therapeutic composition of claim 1, wherein the concatemer 

comprises, from N- to C- terminus, the KRAS activating oncogene mutation peptides having 

respectively the amino acid sequences of SEQ ID NOs: 39, 40, 41, and 72. 

 

4. The immunomodulatory therapeutic composition of claim 1, wherein the concatemer 

comprises amino acid sequence SEQ ID NO: 137. 

 

5. The immunomodulatory therapeutic composition of claim 1, wherein the open reading 

frame comprises nucleotide sequence SEQ ID NO: 169. 

 

6. The immunomodulatory therapeutic composition of claim 5, wherein all uridine 

nucleosides in the mRNA are N1-methylpseudouridine. 

 

7. The immunomodulatory therapeutic composition of claim 1, wherein the mRNA 

comprises nucleotide sequence SEQ ID NO: 167. 

 

8. The immunomodulatory therapeutic composition of claim 7, wherein all uridine 

nucleosides in the mRNA are N1-methylpseudouridine. 

 

9. The immunomodulatory therapeutic composition of claim 1, wherein the LNP 

comprises a molar ratio of about 20-60% ionizable amino lipid: about 5-25% phospholipid: 

about 25-55% sterol: and about 0.5-15% PEG-modified lipid. 
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10.  The immunomodulatory therapeutic composition of claim 1, wherein the LNP 

comprises a molar ratio of about 20-60% Compound 25: about 5-25% DSPC: about 25-55% 

cholesterol: about 0.5-15% PEG-DMG. 

 

11. The immunomodulatory therapeutic composition of claim 1, wherein the LNP 

comprises a molar ratio of about 50% Compound 25: about 10% DSPC: about 38.5% 

cholesterol: about 1.5% PEG-DMG. 

 

12. An immunomodulatory therapeutic composition, comprising:  

an mRNA comprising an open reading frame encoding a concatemer of 3-10 KRAS 

activating oncogene mutation peptides, wherein each peptide is about 10-30 amino acids in 

length, and wherein each peptide comprises a mutation independently selected from the 

group consisting of G12D, G12V, G12C, G12S, G12A, G12R and G13D mutations in human 

KRAS of SEQ ID NO: 166. 

 

13. The immunomodulatory therapeutic composition of claim 12, wherein the mutations 

are independently selected from the group consisting of the G12D, G12V, G12C and G13D 

mutations. 

 

14.  The immunomodulatory therapeutic composition of claim 12, wherein the 

concatemer comprises 4 peptides. 

 

15. The immunomodulatory therapeutic composition of claim 12, wherein each peptide is 

about 15-25 amino acids in length. 

 

16.  The immunomodulatory therapeutic composition of claim 12, wherein at least two of 

the peptides are linked directly to one another without a linker. 

 

17.  The immunomodulatory therapeutic composition of claim 12, wherein the mRNA 

comprises 200, 300, 400, 500, 600, 700, 800, or 900 nucleotides. 

 

18. The immunomodulatory therapeutic composition of claim 12, wherein the concatemer 

is a 100-mer concatemer. 

 

19. The immunomodulatory therapeutic composition of claim 12, wherein all uridine 

nucleosides in the mRNA are N1-methylpseudouridine. 
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20. The immunomodulatory therapeutic composition of claim 12, wherein the mRNA is 

formulated in a lipid nanoparticle. 

 

21.  The immunomodulatory therapeutic composition of claim 20, wherein the lipid 

nanoparticle comprises a molar ratio of about 20-60% ionizable amino lipid: about 5-25% 

phospholipid: about 25-55% sterol: about 0.5-15% PEG-modified lipid. 

 
22.  An immunomodulatory therapeutic composition, comprising: 

an mRNA comprising an open reading frame encoding a concatemer of four KRAS 

activating oncogene mutation peptides, wherein each peptide is about 10-30 amino acids in 

length, wherein each peptide comprises a mutation independently selected from the group 

consisting of G12D, G12V, G12C, and G13D mutations in human KRAS of SEQ ID NO: 166, 

and wherein the peptides are linked directly to one another without a linker. 

 

23.  The immunomodulatory therapeutic composition of claim 22, wherein the peptides 

are about 15-25 amino acids in length.  

 

24. The immunomodulatory therapeutic composition of claim 22, wherein the mRNA 

comprises 200, 300, 400, 500, 600, 700, 800, or 900 nucleotides. 

 

25. The immunomodulatory therapeutic composition of claim 22, wherein the concatemer 

is a 100-mer concatemer. 

 

26. The immunomodulatory therapeutic composition of claim 22, wherein all uridine 

nucleosides in the mRNA are N1-methylpseudouridine. 

 

27. The immunomodulatory therapeutic composition of claim 22, wherein the mRNA is 

formulated in a lipid nanoparticle. 

 

28. The immunomodulatory therapeutic composition of claim 27, wherein the lipid 

nanoparticle comprises a molar ratio of about 20-60% ionizable amino lipid: about 5-25% 

phospholipid: about 25-55% sterol: and about 0.5-15% PEG-modified lipid. 

 

29.  The immunomodulatory therapeutic composition of claim 20, wherein the LNP 

comprises a molar ratio of about 20-60% Compound 25: about 5-25% DSPC: about 25-55% 

cholesterol: about 0.5-15% PEG-DMG. 
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30.  The immunomodulatory therapeutic composition of claim 20, wherein the LNP 

comprises a molar ratio of about 50% Compound 25: about 10% DSPC: about 38.5% 

cholesterol: about 1.5% PEG-DMG. 

 

31.  The immunomodulatory therapeutic composition of claim 27, wherein the LNP 

comprises a molar ratio of about 20-60% Compound 25: about 5-25% DSPC: about 25-55% 

cholesterol: about 0.5-15% PEG-DMG. 

 

32.  The immunomodulatory therapeutic composition of claim 27, wherein the LNP 

comprises a molar ratio of about 50% Compound 25: about 10% DSPC: about 38.5% 

cholesterol: about 1.5% PEG-DMG. 

 

33.  An immunomodulatory therapeutic composition comprising an mRNA formulated in 

a lipid nanoparticle (LNP), wherein: 

the mRNA comprises an open reading frame encoding a concatemer of four KRAS 

activating oncogene mutation peptides, the concatemer comprising amino acid sequence 

SEQ ID NO: 137;  

the LNP comprises a molar ratio of about 20-60% Compound 25: about 5-25% 

DSPC: about 25-55% cholesterol: about 0.1-15% PEG-DMG; and  

wherein one or more uridine nucleosides in the mRNA are N1-methylpseudouridine. 

 

34.  The immunomodulatory therapeutic composition of claim 33, wherein the open 

reading frame comprises nucleotide sequence SEQ ID NO: 169. 

 

35.  The immunomodulatory therapeutic composition of claim 33, wherein the mRNA 

comprises nucleotide sequence SEQ ID NO: 167. 

 

36.  The immunomodulatory therapeutic composition of claim 33, wherein the LNP 

comprises the molar ratio of about 50% Compound 25: about 10% DSPC: about 38.5% 

cholesterol: about 1.5% PEG-DMG. 

 

37.  The immunomodulatory therapeutic composition of claim 36, wherein the open 

reading frame comprises nucleotide sequence SEQ ID NO: 169. 

 

38. The immunomodulatory therapeutic composition of claim 36, wherein the mRNA 

comprises nucleotide sequence SEQ ID NO: 167. 
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39.  The immunomodulatory therapeutic composition of claim 36, wherein all uridine 

nucleosides in the mRNA are N1-methylpseudouridine. 

 

40.  An immunomodulatory therapeutic composition comprising an mRNA formulated in 

a lipid nanoparticle (LNP), wherein: 

the mRNA comprises an open reading frame encoding a concatemer of four KRAS 

activating oncogene mutation peptides, each of the KRAS activating oncogene mutation 

peptides having an amino acid sequence independently selected from the group consisting 

of SEQ ID NOs: 39, 40, 41, and 72.  

 

41.  The immunomodulatory therapeutic composition of claim 40, wherein all uridine 

nucleosides in the mRNA are N1-methylpseudouridine. 

 

42.  The immunomodulatory therapeutic composition of claim 40, wherein the LNP 

comprises a molar ratio of about 20-60% ionizable amino lipid: about 5-25% phospholipid: 

about 25-55% sterol: about 0.5-15% PEG-modified lipid. 

 

43.  The immunomodulatory therapeutic composition of claim 40, wherein the LNP 

comprises a molar ratio of about 20-60% Compound 25: about 5-25% DSPC: about 25-55% 

cholesterol: about 0.5-15% PEG-DMG. 

 

44. The immunomodulatory therapeutic composition of claim 40, wherein the LNP 

comprises a molar ratio of about 50% Compound 25: about 10% DSPC: about 38.5% 

cholesterol: about 1.5% PEG-DMG. 

 

45. The immunomodulatory therapeutic composition of any one of claims 1-44 for use as 

a medicament. 

 

46. The immunomodulatory therapeutic composition of claim 45, wherein the 

medicament further comprises a pharmaceutically acceptable carrier. 

 

47. The immunomodulatory therapeutic composition of claim 46, wherein the 

pharmaceutically acceptable carrier comprises a buffer solution. 

 

48. The immunomodulatory therapeutic composition of any one of claim 45-47, wherein 

the medicament is formulated for intramuscular delivery. 
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49. Use of the immunomodulatory therapeutic composition of any one of claims 1-44 in 

the manufacture of a medicament for treating cancer in an individual. 

 

50. The use of claim 49, wherein the medicament further comprises a pharmaceutically 

acceptable carrier. 

 

51. The use of claim 50, wherein the pharmaceutically acceptable carrier comprises a 

buffer solution. 

 

52. The use of any one of claims 49-51, wherein the medicament is formulated for 

intramuscular delivery. 

 

53. The use of any one of claims 49-52, wherein treating cancer comprises reducing or 

decreasing the size of a tumor, inhibiting tumor growth, or inducing an anti-tumor immune 

response in the subject. 

 

54. The use of claim 53, wherein the ani-tumor response comprises T cells specific for 

any one of the KRAS activating oncogene mutation peptides. 

 

55. The use of any one of claims 49-54, wherein the cancer is metastatic colorectal 

cancer, non-small cell lung cancer (NSCLC), or pancreatic cancer. 

 

56. The use of any one of claims 49-55, wherein the individual has a histologically 

confirmed HLA subtype selected from HLA-A11 and/or HLA-C*08. 

 

57. The use of any one of claims 49-56, wherein the treatment is for use in treating or 

delaying progression of cancer in an individual and comprises administration of the 

medicament in combination with a second composition. 

 

58. The use of claim 57, wherein the second composition comprises a checkpoint 

inhibitor polypeptide. 

 

59. The use of claim 57 or 58, wherein the second composition further comprises a 

pharmaceutically acceptable carrier. 
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60. Use of the immunomodulatory therapeutic composition of any one of claims 1-44 in 

the manufacture of a medicament for reducing or decreasing a size of a tumor, inhibiting 

tumor growth, or inducing an anti-tumor response in a subject in need thereof. 

 

61. The use of claim 60, wherein the medicament is to be administered in combination 

with a cancer therapeutic agent. 

 

62. The use of claim 60, wherein the medicament is to be administered in combination 

with an inhibitory checkpoint polypeptide or polynucleotide encoding the same. 

 

63. The use of claim 62, wherein the inhibitory checkpoint polypeptide is an antibody or 

antigen binding fragment thereof that specifically binds to a molecule selected from the 

group consisting of PD-1, PD-L1, TIM-3, VISTA, A2AR, B7-H3, B7-H4, BTLA, CTLA-4, IDO, 

KIR and LAG3. 

 

64. The use of any one of claims 60-63, wherein the cancer is selected from a cancer of 

the pancreases, peritoneum, large intestine, small intestine, biliary tract, lung, endometrium, 

ovary, genital tract, gastrointestinal tract, cervix, stomach, urinary tract, colon, rectum, and 

hematopoietic and lymphoid tissues. 

 

 

 


