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(57) ABSTRACT 

The present disclosure provides, interalia, formulation com 
positions comprising modified nucleic acid molecules which 
may encode a protein, a protein precursor, or a partially or 
fully processed form of the protein or a protein precursor. The 
formulation composition may further include a modified 
nucleic acid molecule and a delivery agent. The present 
invention further provides nucleic acids useful for encoding 
polypeptides capable of modulating a cell's function and/or 
activity. 
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METHOD FOR PRODUCING A PROTEIN OF 
INTERESTAT THE STE OF A CLOT 

REFERENCE TO SEQUENCE LISTING 
0001. The present application is being filed along with a 
Sequence Listing in electronic format. The Sequence Listing 
file, entitled M11CON5SQLST.txt, was created on May 17, 
2013 and is 25,618 bytes in size. The information in elec 
tronic format of the Sequence Listing is incorporated herein 
by reference in its entirety. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0002 This application is a continuation of U.S. patent 
application Ser. No. 13/714,458, filed Dec. 14, 2012, entitled 
Modified Nucleoside, Nucleotide, and Nucleic Acid Compo 
sitions which claims priority to U.S. Provisional Patent Appli 
cation No. 61/576,705, filed Dec. 16, 2011, entitled Modified 
Nucleoside, Nucleotide, and Nucleic Acid Compositions, 
U.S. Provisional Patent Application No. 61/618,957, filed 
Apr. 2, 2012, entitled Modified Nucleoside, Nucleotide, and 
Nucleic Acid Compositions, U.S. Provisional Patent Appli 
cation No. 61/648,244, filed May 17, 2012, entitled Modified 
Nucleoside, Nucleotide, and Nucleic Acid Compositions, 
U.S. Provisional Patent Application No. 61/681,712, filed 
Aug. 10, 2012, entitled Modified Nucleoside, Nucleotide, 
Nucleic Acid Compositions and U.S. Provisional Patent 
Application No. 61/696.381 filed Sep. 4, 2012, entitled Modi 
fied Nucleoside, Nucleotide and Nucleic Acid Compositions, 
and Nucleic Acid Compositions, U.S. Provisional Patent 
Application No. 61/709,303 filed Oct. 3, 2012, entitled Modi 
fied Nucleoside, Nucleotide and Nucleic Acid Compositions, 
U.S. Provisional Patent Application No. 61/712,490 filed Oct. 
11, 2012, entitled Modified Nucleoside, Nucleotide and 
Nucleic Acid Compositions and International Application 
No. PCT/US2012/058519 filed Oct. 3, 2012 Modified 
Nucleosides, Nucleotides, and Nucleic Acids, And Uses 
Thereof, the contents of which are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

0003. In general, exogenous unmodified nucleic acid mol 
ecules, particularly viral nucleic acids, introduced into the 
cell induce an innate immune response which results in cytok 
ine and interferon (IFN) production and ultimately cell death. 
It is of great interest for therapeutics, diagnostics, reagents 
and for biological assays to be able to deliver a nucleic acid, 
e.g., a ribonucleic acid (RNA), into a cell. Such as to cause 
intracellular translation of the nucleic acid and production of 
the encoded protein instead of generating an innate immune 
response. Thus, there is a need to develop formulation com 
positions comprising a delivery agent that can effectively 
facilitate the in vivo delivery of nucleic acids to targeted cells 
without generating an innate immune response. 

SUMMARY OF THE INVENTION 

0004. The present disclosure provides, inter alia, formu 
lation compositions comprising modified nucleic acid mol 
ecules which may encode a protein, a protein precursor, or a 
partially or fully processed form of the protein or a protein 
precursor. The formulation compositions may further include 
a modified nucleic acid molecule and a delivery agent. The 
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present invention further provides nucleic acids useful for 
encoding polypeptides capable of modulating a cell's func 
tion and/or activity. 
0005. In one aspect a method of producing a polypeptide 
of interest in a mammalian cell or tissue is described. The 
method comprises contacting the mammalian cell or tissue 
with a formulation comprising a modified mRNA encoding a 
polypeptide of interest. The formulation may be, but is not 
limited to, nanoparticles, poly(lactic-co-glycolic acid) 
(PLGA) microspheres, lipidoids, lipoplex, liposome, poly 
mers, carbohydrates (including simple Sugars), cationic lip 
ids, fibrin gel, fibrin hydrogel, fibrin glue, fibrin sealant, 
fibrinogen, thrombin, rapidly eliminated lipid nanoparticles 
(re NPs) and combinations thereof. The modified mRNA 
may comprise a purified IVT transcript. 
0006. In one embodiment, the formulation comprising the 
modified mRNA is a nanoparticle which may comprise at 
least one lipid. The lipid may be selected from, but is not 
limited to, DLin-DMA, DLin-K-DMA, 98N12-5, C12-200, 
DLin-MC3-DMA, DLin-KC2-DMA, DODMA, PLGA, 
PEG, PEG-DMG and PEGylated lipids. In another aspect, the 
lipid may be a cationic lipid such as, but not limited to, 
DLin-DMA, DLin-D-DMA, DLin-MC3-DMA, DLin-KC2 
DMA and DODMA. 
0007. The lipid to modified mRNA ration in the formula 
tion may be between 10:1 and 30:10. The mean size of the 
nanoparticle formulation may comprise the modified mRNA 
between 60 and 225 nm. The PDI of the nanoparticle formu 
lation comprising the modified mRNA is between 0.03 and 
0.15. The Zeta potential of the lipid may be from -10 to +10 
at a pH of 7.4 
0008. The formulations of modified mRNA may comprise 
a fusogenic lipid, cholesterol and a PEG lipid. The formula 
tion may have a molar ratio 50:10:38.5:1.5-3.0 (cationic lipid: 
fusogenic lipid:cholesterol:PEG lipid). The PEG lipid may be 
selected from, but is not limited to PEG-c-DOMG, PEG 
DMG. The fusogenic lipid may be DSPC. 
0009. The mammalian cell or tissue may be contacted 
using a device Such as, but not limited to, a Syringe pump, 
internal osmotic pump and external osmotic pump. 
(0010. The formulation of modified mRNA may be a 
PLGA microsphere which may be between 4 and 20 um in 
size. The modified mRNA may be released from the formu 
lation at less than 50% in a 48 hour time period. The PLGA 
microsphere formulation may be stable in serum. Stability 
may be determined relative to unformulated modified mRNA 
in 90%. 
0011. The loading weight percent of the modified mRNA 
PLGA microsphere may be at least 0.05%, at least 0.1%, at 
least 0.2%, at least 0.3%, at least 0.4% or at least 0.5%. The 
encapsulation efficiency of the modified mRNA in the PLGA 
microsphere may be at least 50%, at least 70%, at least 90% 
or at least 97%. 
0012 Alipid nanoparticle of the present invention may be 
formulated in a sealant such as, but not limited to, a fibrin 
sealant. 

0013 The mammalian cells or tissues may be contacted by 
a route of administration Such as, but not limited to, intrave 
nous, intramuscular, intravitreal, intrathecal, intratumoral, 
pulmonary and Subcutaneous. The mammalian cells or tis 
Sues may be contacted using a split dosing schedule. The 
mammalian cell or tissue may be contacted by injection. The 
injection may be made to tissue selected from the group 
consisting of intradermal space, epidermis, Subcutaneous tis 
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Sue and muscle. The polypeptide of interest may be produced 
in the cell or tissue in a location systemic from the location of 
contacting. 
0014. The polypeptide of interest may be detectable in 
serum for up to 72 hours after contacting. The level of the 
polypeptide of interest can be higher than the levels prior to 
dosing. The level of the polypeptide of interest may be greater 
in the serum of female subjects than in the serum of male 
Subjects. 
0015 The formulation of modified mRNA may comprise 
more than one modified mRNA. The formulation may have 
two or three modified mRNA. 

0016. The formulation comprising the modified mRNA 
may comprise a rapidly eliminated lipid nanoparticle 
(re NP) which may comprise a relNP lipid, fusogenic lipid, 
cholesterol and a PEG lipid at a molar ratio of 50:10:38.5:1.5 
(re NP lipid:fusogenic lipid:cholesterol:PEG lipid). The 
fusogenic lipid may be DSPC and the PEG lipid may be 
PEG-c-DOMG. ThereINP lipid may be DLin-DMA with an 
internal or terminal ester or DLin-MC3-DMA with an inter 
nal or terminal ester. The total lipid to modified mRNA 
weight ration may be between 10:1 and 30:1. 
0017. The formulation comprising modified mRNA may 
comprise a fibrin Sealant. 
0018. The formulation comprising modified mRNA may 
comprise a lipidoid where the lipid is selected from the group 
consisting of C12-200 and 98N12-5. 
0019. The formulation comprising modified mRNA may 
include a polymer. The polymer may be coated, covered, 
Surrounded, enclosed or comprise a layer of a hydrogel or 
Surgical sealant. The polymer may be selected from the group 
consisting of PLGA, ethylene vinyl acetate, poloxamer and 
GELSITE(R). 

0020. A polypeptide of interest may be produced in a 
mammalian cell or tissue by contacting the mammalian cell 
or tissue with a buffer formulation comprising a modified 
mRNA encoding the polypeptide of interest. The buffer for 
mulation may be selected from, but is not limited to, slaine, 
phosphate buffered saline and Ringer's lactate. The buffer 
formulation may comprise a calcium concentration of 
between 1 to 10 mM. The modified mRNA in the buffer 
formulation may comprise a purified IVT transcript. 
0021 A pharmacologic effect in a primate may be pro 
duced by contacting the primate with a composition compris 
ing a formulated modified mRNA encoding a polypeptide of 
interest. The modified mRNA may comprise a purified IVT 
transcript and/or may be formulated in nanoparticles, poly 
(lactic-co-glycolic acid) (PLGA) microspheres, lipidoids, 
lipoplex, liposome, polymers, carbohydrates (including 
simple Sugars), cationic lipids, fibrin gel, fibrin hydrogel, 
fibringlue, fibrin Sealant, fibrinogen, thrombin, rapidly elimi 
nated lipid nanoparticles (re NPs) and combinations thereof. 
The pharmacological effect may be greater than the pharma 
cologic effect associated with a therapeutic agent and/or com 
position known to produce said pharmacologic effect. The 
composition may comprise a formulated or unformulated 
modified mRNA. The pharmacologic effect may result in a 
therapeutically effective outcome of a disease, disorder, con 
dition or infection. Such therapeutically effective outcome 
may include, but is not limited to, treatment, improvement of 
one or more symptoms, diagnosis, prevention, and delay of 
onset. The pharmacologic effect may include, but is not lim 
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ited to, change in cell count, alteration in serum chemistry, 
alteration of enzyme activity, increase in hemoglobin, and 
increase in hematocrit. 
0022. In one embodiment, the present disclosure provides 
a formulation composition which comprises a modified 
nucleic acid molecule and a delivery agent. The modified 
nucleic acid molecule may be selected from the group con 
sisting of DNA, complimentary DNA (cDNA), RNA, mes 
senger RNA (mRNA), RNAi-inducing agents, RNAi agents, 
siRNA, shRNA, miRNA, antisense RNA, ribozymes, cata 
lytic DNA, RNA that induce triple helix formation, aptamers, 
vectors and combinations thereof. If the modified nucleic acid 
molecule is mRNA the mRNA may be derived from cDNA. 
0023. In one embodiment, the modified nucleic acid mol 
ecule may comprise at least one modification and a translat 
able region. In some instances, the modified nucleic acid 
comprises at least two modifications and a translatable 
region. The modification may be located on the backbone 
and/or a nucleoside of the nucleic acid molecule. The modi 
fication may be located on both a nucleoside and a backbone 
linkage. 
0024. In one embodiment, a modification may be located 
on the backbone linkage of the modified nucleic acid mol 
ecule. The backbone linkage may be modified by replacing of 
one or more oxygenatoms. The modification of the backbone 
linkage may comprise replacing at least one phosphodiester 
linkage with a phosphorothioate linkage. 
0025. In one embodiment, a modification may be located 
on a nucleoside of the modified nucleic acid molecule. The 
modification on the nucleoside may be located on the Sugar of 
said nucleoside. The modification of the nucleoside may 
occur at the 2' position on the nucleoside. 
0026. The nucleoside modification may include a com 
pound selected from the group consisting of pyridin-4-one 
ribonucleoside, 5-aza-uridine, 2-thio-5-aza-uridine, 2-thiou 
ridine, 4-thio-pseudouridine, 2-thio-pseudouridine, 5-hy 
droxyuridine, 3-methyluridine, 5-carboxymethyl-uridine, 
1-carboxymethyl-pseudouridine, 5-propynyl-uridine, 1-pro 
pynyl-pseudouridine, 5-taurinomethyluridine, 1-taurinom 
ethyl-pseudouridine, 5-taurinomethyl-2-thio-uridine, 1-tau 
rinomethyl-4-thio-uridine, 5-methyl-uridine, 1-methyl 
pseudouridine, 4-thio-1-methyl-pseudouridine, 2-thio-1- 
methyl-pseudouridine, 1-methyl-1-deaza-pseudouridine, 
2-thio-1-methyl-1-deaza-pseudouridine, dihydrouridine, 
dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-dihy 
dropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-uri 
dine, 4-methoxy-pseudouridine, 4-methoxy-2-thio-pseudou 
ridine, 5-aza-cytidine, pseudoisocytidine, 3-methyl-cytidine, 
N4-acetylcytidine, 5-formylcytidine, N4-methylcytidine, 
5-hydroxymethylcytidine, 1-methyl-pseudoisocytidine, pyr 
rolo-cytidine, pyrrolo-pseudoisocytidine, 2-thio-cytidine, 
2-thio-5-methyl-cytidine, 4-thio-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-pseudoisocyti 
dine, 4-methoxy-1-methyl-pseudoisocytidine, 2-aminopu 
rine, 2,6-diaminopurine, 7-deaza-adenine, 7-deaza-8-aza-ad 
enine, 7-deaza-2-aminopurine, 7-deaza-8-aza-2- 
aminopurine, 7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2, 
6-diaminopurine, 1-methyladenosine, N6-methyladenosine, 
N6-isopentenyladenosine, N6-(cis-hydroxyisopentenyl)ad 
enosine, 2-methylthio-N6-(cis-hydroxyisopentenyl)adenos 
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ine, N6-glycinylcarbamoyladenosine, N6-threonylcarbam 
oyladenosine, 2-methylthio-N6-threonyl 
carbamoyladenosine, N6.N6-dimethyladenosine, 7-methy 
ladenine, 2-methylthio-adenine, 2-methoxy-adenine, 
inosine, 1-methyl-inosine, Wyosine, Wybutosine, 7-deaza 
guanosine, 7-deaza-8-aza-guanosine, 6-thio-guanosine, 
6-thio-7-deaza-guanosine, 6-thio-7-deaza-8-aza-guanosine, 
7-methyl-guanosine, 6-thio-7-methyl-guanosine, 7-methyli 
nosine, 6-methoxy-guanosine, 1-methylguanosine, N2-me 
thylguanosine, N2.N2-dimethylguanosine, 8-oxo-gua 
nosine, 7-methyl-8-oxo-guanosine, 1-methyl-6-thio 
guanosine, N2-methyl-6-thio-guanosine, and N2.N2 
dimethyl-6-thio-guanosine. In another embodiment, the 
modifications are independently selected from the group con 
sisting of 5-methylcytosine, pseudouridine and 1-methylp 
seudouridine 

0027. In one embodiment, a modification may be located 
on a nucleobase of the modified nucleic acid molecule. The 
modification on the nucleobase may be selected from the 
group consisting of cytosine, guanine, adenine, thymine and 
uracil. The modification on the nucleobase may be selected 
from the group consisting of deaza-adenosine and deaza 
guanosine, and the linker may be attached at a C-7 or C-8 
position of said deaza-adenosine or deaza-guanosine. The 
modified nucleobase may be selected from the group consist 
ing of cytosine and uracil, and the linker may be attached to 
the modified nucleobase at an N-3 or C-5 position. The linker 
attached to the nucleobase may be selected from the group 
consisting of diethylene glycol, dipropylene glycol, triethyl 
ene glycol, tripropylene glycol, tetraethylene glycol, tetraeth 
ylene glycol, divalent alkyl, alkenyl, alkynyl moiety, ester, 
amide, and ether moiety. 
0028. In one embodiment, two modifications of the 
nucleic acid molecule may be located on nucleosides of the 
modified nucleic acid molecule. The modified nucleosides 
may be selected from 5-methylcytosine and pseudouridine. 
0029. In one embodiment, two modifications of the modi 
fied nucleic acid molecule may be located on a nucleotide or 
a nucleoside. In one embodiment, the present disclosure pro 
vides a formulation comprising a nucleic acid molecule Such 
as, but not limited to, SEQID NO: 6, SEQID NO: 7, SEQID 
NO:9 and SEQID NO: 10 and a delivery agent. The nucleic 
acid molecule may comprise a polyA tail about 160 nucle 
otides in length. Further, the nucleic acid molecule may com 
prise at least one 5' terminal cap Such as, but not limited to, 
Cap0, Cap1, ARCA, inosine, N1-methyl-guanosine, 2 
fluoro-guanosine, 7-deaza-guanosine, 8-oxo-guanosine, 
2-amino-guanosine, LNA-guanosine, and 2-azido-gua 
nosine. 

0030. In one embodiment, the present disclosure provides 
a nucleic acid of SEQ ID NO: 6, a 5' terminal cap which is 
Cap1, a poly Atail of approximately 160 nucleotides in length 
and a delivery agent. 
0031. In one embodiment, the present disclosure provides 
a nucleic acid of SEQ ID NO: 7, a 5' terminal cap which is 
Cap1, a poly Atail of approximately 160 nucleotides in length 
and a delivery agent. 
0032. In one embodiment, the present disclosure provides 
a nucleic acid of SEQ ID NO: 9, a 5' terminal cap which is 
Cap1, a poly Atail of approximately 160 nucleotides in length 
and a delivery agent. 
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0033. In one embodiment, the present disclosure provides 
a nucleic acid of SEQID NO: 10, a 5' terminal cap which is 
Cap1, a poly Atail of approximately 160 nucleotides in length 
and a delivery agent. 
0034. In one embodiment, the delivery agent comprises at 
least one method to improve delivery selected from the group 
consisting of lipidoids, liposomes, lipid nanoparticles, rap 
idly eliminated lipid nanoparticles (re NPs), polymers, 
lipoplexes, peptides, proteins, hydrogels, Sealants, chemical 
modifications, conjugation, cells and enhancers. The lipidoid, 
lipid nanoparticle and rapidly eliminated lipid nanoparticles 
which may be used as a delivery agent may include a lipid 
which may be selected from the group consisting of C12-200, 
MD1, 98N12-5, DLin-DMA, DLin-K-DMA, DLin-KC2 
DMA, DLin-MC3-DMA, PLGA, PEG, PEG-DMG, PEGy 
lated lipids and analogs thereof. The rapidly eliminated lipid 
nanoparticle may have an ester linkage at the terminal end of 
the lipid chain, or an ester linkage may be an internal linkage 
located to the right or left of a saturated carbon in the lipid 
chain. The rapidly eliminated lipid nanoparticle which may 
be used as a delivery agent may be, but is not limited to, 
DLin-MC3-DMA and DLin-DMA. 
0035. In one embodiment, the lipid nanoparticle may 
comprise PEG and at least one component such as, but not 
limited to, cholesterol, cationic lipid and fusogenic lipid. 
0036. In one embodiment, the lipid nanoparticle may 
comprise at least one of a PEG, cholesterol, cationic lipid and 
fusogenic lipid. 
0037. In one embodiment, the fusogenic lipid is dis 
teroylphophatidylcholine (DSPC). In another embodiment, 
the PEG lipid is PEG-DMG. In yet another embodiment, the 
cationic lipid may be, but not limited to, DLin-DMA, DLin 
MC3-DMA, C12-200, 98N12-5 and DLin-KC2-DMA. 
0038. In one embodiment, the lipid nanoparticle compo 
sition may comprise 50 mol % cationic lipid, 10 mol % 
DSPC, 1.5-3.0 mol % PEG and 37-38.5 mol % cholesterol. 
0039. In one embodiment, a modified nucleic acid may be 
formulated with PLGA to form a sustained release formula 
tion. In another embodiment, a modified nucleic acid may be 
formulated with PLGA and other active and/or inactive com 
ponents to form a Sustained release formulation. In one 
embodiment, the modified nucleic acid molecule may 
include, but is not limited to, SEQID NO:9 and SEQID NO: 
10. 

0040. In one embodiment, a sustained release formulation 
may comprise a Sustained release microsphere. The Sustained 
release microsphere may be about 10 to about 50 um in 
diameter. In another embodiment, the Sustained release 
microsphere may contain about 0.001 to about 1.0 weight 
percent of at least one modified nucleic acid molecule. 
0041. In one embodiment, the modified nucleic acids of 
the present invention may include at least one stop codon 
before the 3' untranslated region (UTR). The stop codon may 
be selected from TGA, TAA and TAG. In one embodiment, 
the modified nucleic acids of the present invention include the 
stop codon TGA and one additional stop codon. In a further 
embodiment the addition stop codon may be TAA. In another 
embodiment, the modified nucleic acid of the present inven 
tion includes three stop codons. 
0042. In one embodiment, the present disclosure provides 
a controlled release formulation comprising a modified 
nucleic acid which may encode a polypeptide of interest. The 
modified nucleic acid may be encapsulated or Substantially 
encapsulated in a delivery agent. The delivery agent may be 
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coated, covered, Surrounded, enclosed or comprise a layer of 
polymer, hydrogel and/or Surgical sealant. In a further 
embodiment, the controlled release formulation may com 
prise a second layer of polymer, hydrogel and/or Surgical 
sealant. 

0043. In one embodiment, the delivery agent of the con 
trolled release formulation may include, but is not limited to, 
lipidoids, liposomes, lipid nanoparticles, rapidly eliminated 
lipid nanoparticles, lipoplexes and self-assembled lipid nano 
particles. 
0044) The polymer which may be used in the controlled 
release formulation may include, but is not limited to, PLGA, 
ethylene vinyl acetate, poloxamer and GELSITE(R). The sur 
gical sealant which may be used in the controlled release 
formulation may include, but is not limited to, fibrinogen 
polymers, TISSEELL(R), PEG-based sealants and 
COSEAL(R). 

0045. In one embodiment, the delivery agent of the con 
trolled release formulation comprises a lipid nanoparticle or a 
rapidly eliminated lipid nanoparticle delivery agent. In one 
aspect, the lipid nanoparticle or rapidly eliminated lipid nano 
particle may be coated, Substantially coated, covered, Sub 
stantially covered, Surrounded, Substantially Surrounded, 
enclosed, Substantially enclosed or comprises a layer of poly 
mer, hydrogel and/or Surgical sealant. In another aspect, the 
delivery agent may be a lipid nanoparticle which may be 
coated, Substantially coated, covered, Substantially covered, 
Surrounded, Substantially surrounded, enclosed, Substantially 
enclosed or comprises a layer of PLGA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046. The foregoing and other objects, features and 
advantages will be apparent from the following description of 
particular embodiments of the invention, as illustrated in the 
accompanying drawings in which like reference characters 
refer to the same parts throughout the different views. The 
drawings are not necessarily to scale, emphasis instead being 
placed upon illustrating the principles of various embodi 
ments of the invention. 

0047 FIG. 1 illustrates lipid structures in the prior art 
useful in the present invention. Shown are the structures for 
98N12-5 (TETA5-LAP), DLin-DMA, DLin-K-DMA (2.2- 
Dilinoleyl-4-dimethylaminomethyl-1,3-dioxolane), DLin 
KC2-DMA, DLin-MC3-DMA and C12-200. 
0048 FIG. 2 is a representative plasmid useful in the IVT 
reactions taught herein. The plasmid contains Insert 64818, 
designed by the instant inventors. 
0049 FIG. 3 is a gel profile of modified mRNA encapsu 
lated in PLGA microspheres. 

DETAILED DESCRIPTION 

0050. The delivery of nucleic acids into cells has many 
undesired complications including the integration of the 
nucleic acid into the target cell genome which may result in 
imprecise expression levels, the deleterious transfer of the 
nucleic acid to progeny and neighbor cells and a substantial 
risk of causing mutations. The modified nucleic acid mol 
ecules of the present disclosure are capable of reducing the 
innate immune activity of a population of cells into which 
they are introduced, thus increasing the efficiency of protein 
production in that cell population. Further, one or more addi 
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tional advantageous activities and/or properties of the nucleic 
acids and proteins of the present disclosure are described 
herein. 
0051. In addition, provided herein are methods of treating 
a Subject having or being Suspected of having a disease, 
disorder and/or condition the methods comprising adminis 
tering to a subject in need of Such treatment a composition 
described herein in an amount Sufficient to treat the disease, 
disorder and/or condition. 
0.052 Unless otherwise defined, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of methods featured in the invention, suitable 
methods and materials are described below. 

Modified Nucleic Acid Molecules 

0053. The present disclosure provides nucleic acids, 
including RNA such as mRNA, which contain one or more 
modified nucleosides or nucleotides (termed “modified 
nucleic acid molecules,” “modified mRNA or “modified 
mRNA molecules') as described herein. The modification of 
the nucleic acid molecules of the present invention may have 
useful properties including, but not limited to, a significant 
decrease in or a lack of a substantial induction of the innate 
immune response of a cell into which the modified mRNA is 
introduced. The modified nucleic acid molecules may also 
exhibit enhanced efficiency of protein production, intracellu 
lar retention of nucleic acids, and viability of contacted cells, 
as well as having reduced immunogenicity as compared to 
unmodified nucleic acid molecules. 
0054 Provided are modified nucleic acid molecules con 
taining a translatable region and one, two, or more than two 
different nucleoside modifications Exemplary nucleic acids 
for use in this disclosure include ribonucleic acids (RNA), 
deoxyribonucleic acids (DNAs), threose nucleic acids 
(TNAS), glycol nucleic acids (GNAS), locked nucleic acids 
(LNAs) or a hybrid thereof. In preferred embodiments, the 
modified nucleic acid molecules include messenger RNA 
(mRNA). As described herein, the modified nucleic acid mol 
ecules of the present disclosure may not Substantially induce 
an innate immune response of a cell into which the modified 
mRNA is introduced. In another embodiment, the modified 
nucleic acid molecule may exhibit reduced degradation, as 
compared to a nucleic acid that has not been modified, in a cell 
where the modified nucleic acid molecule is introduced. 
0055. The term “nucleic acid' includes any compound 
and/or substance that is or can be incorporated into an oligo 
nucleotide chain. Exemplary nucleic acids for use in accor 
dance with the present disclosure include, but are not limited 
to, one or more of DNA, cDNA, RNA including messenger 
RNA (mRNA), hybrids thereof, RNAi-inducing agents, 
RNAi agents, siRNA, shRNA, miRNA, antisense RNA, 
ribozymes, catalytic DNA, RNA that induce triple helix for 
mation, aptamers, vectors and the like. 
0056. In certain embodiments, it is desirable to intracellu 
larly degrade a modified nucleic acid molecule introduced 
into the cell. For example it would be desirable to degrade a 
modified nucleic acid molecule if precise timing of protein 
production was desired. Thus, the present disclosure provides 
a modified nucleic acid molecule containing a degradation 
domain, which is capable of being acted on in a directed 
manner within a cell. 
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0057. In some embodiments, the modified nucleic acid 
molecules may be chemically modified on the Sugar, nucleo 
base (e.g., in the 5' position of the nucleobase), or phosphate 
backbone (e.g., replacing the phosphate with another moiety 
Such as a thiophosphate). In some embodiments, the modifi 
cation may result in a disruption of a major groove binding 
partner interaction, which may contribute to an innate 
immune response. In some embodiments, the formulation 
composition, when administered to a Subject, can result in 
improved bioavailability, therapeutic window, or volume of 
distribution of the modified nucleic acid molecule relative to 
administration of the modified nucleic acid molecule without 
the incorporation of the delivery agent. In some embodi 
ments, the modified nucleosides and nucleotides of the modi 
fied nucleic acid molecules of the present invention may be 
synthesized using the O-protected compounds described in 
International Pub. No. WO2012138530, the contents of 
which is herein incorporated by reference in its entirety. 
0.058. In certain embodiments, the modified nucleic acid 
molecule may comprise mRNA. In particular embodiments, 
the modified mRNA (mmRNA) may be derived from cDNA. 
In certain embodiments, mmRNA may comprise at least two 
nucleoside modifications. In one embodiment, the nucleoside 
modifications may be selected from 5-methylcytosine and 
pseudouridine. In another embodiment, at least one of the 
nucleoside modifications is not 5-methylcytosine and/or 
pseudouridine. In certain embodiments the delivery agent 
may comprise formulations allowing for localized and sys 
temic delivery of mmRNA. The formulations of the modified 
nucleic acids molecules and/or mmRNA may be selected 
from, but are not limited to, lipidoids, liposomes and lipid 
nanoparticles, rapidly eliminated lipid nanoparticles, poly 
mers, lipoplexes, peptides and proteins, at least one chemical 
modification and conjugation, enhancers, and/or cells. 
0059. In one embodiment, the modified nucleic acid mol 
ecules of the present invention may include at least two stop 
codons before the 3' untranslated region (UTR). The stop 
codon may be selected from TGA, TAA and TAG. In one 
embodiment, the nucleic acids of the present invention 
include the stop codon TGA and one additional stop codon. In 
a further embodiment the addition stop codon maybe TAA. In 
another embodiment, the modified nucleic acid molecules 
may comprise three stop codons. 
0060. Other components of a nucleic acid are optional in a 
modified nucleic acid molecule but these components may be 
beneficial in some embodiments. 

Untranslated Regions (UTRs) 

0061 Untranslated regions (UTRs) of a gene are tran 
scribed but not translated. The 5' UTR starts at the transcrip 
tion start site and continues to the start codon but does not 
include the start codon; whereas, the 3' UTR starts immedi 
ately following a stop codon and continues until the transcrip 
tional termination signal. There is growing body of evidence 
about the regulatory roles played by the UTRs in terms of 
stability of the nucleic acid molecule and translation. The 
regulatory features of a UTR can be incorporated into the 
modified mRNA molecules of the present invention to 
enhance the stability of the molecule. The specific features 
can also be incorporated to ensure controlled down-regula 
tion of the transcript in case they are misdirected to undesired 
organs sites. 
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5' UTR and Translation Initiation 

0062 Natural 5' UTRs bear features which play roles in 
for translation initiation. They harbor signatures like Kozak 
sequences which are commonly known to be involved in the 
process by which the ribosome initiates translation of many 
genes. Kozak sequences have the consensus CCR(A/G) 
CCAUGG (SEQID NO: 1), where R is a purine (adenine or 
guanine) three bases upstream of the start codon (AUG), 
which is followed by another “G”. 5' UTR also have been 
known to form secondary structures which are involved in 
elongation factor binding. 
0063. By engineering the features typically found in abun 
dantly expressed genes of specific target organs, one can 
enhance the stability and protein production of the modified 
mRNA molecules of the invention. For example, introduction 
of 5' UTR of liver-expressed mRNA, such as albumin, serum 
amyloid A. Apollipoprotein A/B/E, transferrin, alpha fetopro 
tein, erythropoietin, or Factor VIII, could be used to enhance 
expression of a modified nucleic acid molecule. Such as a 
mmRNA, in hepatic cell lines or liver. Likewise, use of 5' 
UTR from other tissue-specific mRNA to improve expression 
in that tissue is possible for muscle (MyoD, Myosin, Myo 
globin, Myogenin, Herculin), for endothelial cells (Tie-1, 
CD36), for myeloid cells (C/EBP, AML1, G-CSF, GM-CSF, 
CD11b, MSR, Fr-1, i-NOS), for leukocytes (CD45, CD18), 
for adipose tissue (CD36, GLUT4, ACRP30, adiponectin) 
and for lung epithelial cells (SP-A/B/C/D). 
0064. Other non-UTR sequences may be incorporated into 
the 5' (or 3' UTR) UTRs of the modified nucleic acid mol 
ecules of the present invention. For example, introns or por 
tions of introns sequences may be incorporated into the flank 
ing regions of the modified mRNA of the invention. 
Incorporation of intronic sequences may increase protein pro 
duction as well as mRNA levels. 

3' UTR and the AU Rich Elements 

0065 3' UTRs are known to have stretches of Adenosines 
and Uridines embedded in them. These AU rich signatures are 
particularly prevalent in genes with high rates of turnover. 
Based on their sequence features and functional properties, 
the AU rich elements (AREs) can be separated into three 
classes (Chen et al., 1995): Class I AREs contain several 
dispersed copies of an AUUUA motif within U-rich regions. 
C-Myc and MyoD contain class I AREs. Class II AREs pos 
sess two or more overlapping UUAUUUA(U/A)(U/A) (SEQ 
ID NO: 2) nonamers. Molecules containing this type of AREs 
include GM-CSF and TNF-a. Class III ARES are less well 
defined. These U rich regions do not contain an AUUUA 
motif. c-Jun and Myogenin are two well-studied examples of 
this class. Most proteins binding to the AREs are known to 
destabilize the messenger, whereas members of the ELAV 
family, most notably HuR, have been documented to increase 
the stability of mRNA. HuR binds to AREs of all the three 
classes. Engineering the HuR specific binding sites into the 3' 
UTR of nucleic acid molecules will lead to HuR binding and 
thus, stabilization of the message in vivo. 
0066 Introduction, removal or modification of 3' UTRAU 
rich elements (AREs) can be used to modulate the stability of 
modified mRNA of the invention. When engineering specific 
modified mRNA, one or more copies of an ARE can be 
introduced to make modified mRNA of the invention less 
stable and thereby curtail translation and decrease production 
of the resultant protein. 
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0067. Likewise, AREs can be identified and removed or 
mutated to increase the intracellular stability and thus 
increase translation and production of the resultant protein. 
Transfection experiments can be conducted in relevant cell 
lines, using modified mRNA of the invention and protein 
production can be assayed at various time points post-trans 
fection. For example, cells can be transfected with different 
ARE-engineering molecules and by using an ELISA kit to the 
relevant protein and assaying protein produced at 6 hours, 12 
hours, 24 hours, 48 hours, and 7 days post-transfection. 
Incorporating microRNA Binding Sites 
0068 microRNAs (or miRNA) are 19-25 nucleotide long 
noncoding RNAs that bind to the 3' UTR of nucleic acid 
molecules and down-regulate gene expression either by 
reducing nucleic acid molecule stability or by inhibiting 
translation. The modified mRNA of the invention may com 
prise one or more microRNA target sequences, microRNA 
sequences, or microRNA seeds. Such sequences may corre 
spond to any known microRNA such as those taught in US 
Publication US2005/0261218 and US Publication US2005/ 
0059005, the contents of which are incorporated herein by 
reference in their entirety. 
0069. A microRNA sequence comprises a “seed region, 

i.e., a sequence in the region of positions 2-8 of the mature 
microRNA, which sequence has perfect Watson-Crick 
complementarity to the miRNA target sequence. A 
microRNA seed may comprise positions 2-8 or 2-7 of the 
mature microRNA. In some embodiments, a microRNA seed 
may comprise 7 nucleotides (e.g., nucleotides 2-8 of the 
mature microRNA), wherein the seed-complementary site in 
the corresponding miRNA target is flanked by an adenine (A) 
opposed to microRNA position 1. In some embodiments, a 
microRNA seed may comprise 6 nucleotides (e.g., nucle 
otides 2-7 of the mature microRNA), wherein the seed 
complementary site in the corresponding miRNA target is 
flanked byan adenine (A) opposed to microRNA position 1. 
See for example, Grimson A, Farh K. K. Johnston W. K. 
Garrett-Engele P. Lim LP. Bartel D P: Mol. Cell. 2007 Jul. 6; 
27(1):91-105; each of which is herein incorporated by refer 
ence in their entirety. The bases of the microRNA seed have 
complete complementarity with the target sequence. By engi 
neering microRNA target sequences into the 3'UTR of modi 
fied mRNA of the invention one can target the molecule for 
degradation or reduced translation, provided the microRNA 
in question is available. This process will reduce the hazard of 
off target effects upon nucleic acid molecule delivery. Iden 
tification of microRNA, microRNA target regions, and their 
expression patterns and role in biology have been reported 
(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: each of which is 
herein incorporated by reference in its entirety). 
0070 For example, if the modified nucleic acid molecule 

is a modified mRNA and is not intended to be delivered to the 
liver but ends up there, then miR-122, a microRNA abundant 
in liver, can inhibit the expression of the gene of interestifone 
or multiple target sites of miR-122 are engineered into the 3' 
UTR of the modified mRNA. Introduction of one or multiple 
binding sites for different microRNA can be engineered to 
further decrease the longevity, Stability, and protein transla 
tion of a modified nucleic acid molecule and/or modified 
mRNA. 
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(0071. As used herein, the term “microRNA site' refers to 
a microRNA target site or a microRNA recognition site, or 
any nucleotide sequence to which a microRNA binds or asso 
ciates. It should be understood that “binding may follow 
traditional Watson-Crick hybridization rules or may reflect 
any stable association of the microRNA with the target 
sequence at or adjacent to the microRNA site. 
0072 Conversely, for the purposes of the modified mRNA 
of the present invention, microRNA binding sites can be 
engineered out of (i.e. removed from) sequences in which 
they naturally occur in order to increase protein expression in 
specific tissues. For example, miR-122 binding sites may be 
removed to improve protein expression in the liver. Regula 
tion of expression in multiple tissues can be accomplished 
through introduction or removal or one or several microRNA 
binding sites. 
0073. Examples of tissues where microRNA 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-126). 
MicroRNA can also regulate complex biological processes 
Such as angiogenesis (miR-132) (Anand and Cheresh Curr 
Opin Hematol 2011 18:171-176; herein incorporated by ref 
erence in its entirety). In the modified mRNA of the present 
invention, binding sites for microRNAs that are involved in 
Such processes may be removed or introduced, in order to 
tailor the expression of the modified mRNA expression to 
biologically relevant cell types or to the context of relevant 
biological processes. 
0074 Lastly, through an understanding of the expression 
patterns of microRNA in different cell types, modified 
mRNA can be engineered for more targeted expression in 
specific cell types or only under specific biological condi 
tions. Through introduction of tissue-specific microRNA 
binding sites, modified mRNA could be designed that would 
be optimal for protein expression in a tissue or in the context 
of a biological condition. 
0075 Transfection experiments can be conducted in rel 
evant cell lines, using engineered modified mRNA and pro 
tein production can be assayed at various time points post 
transfection. For example, cells can be transfected with 
different microRNA binding site-engineering modified 
mRNA and by using an ELISA kit to the relevant protein and 
assaying protein produced at 6 hour, 12 hour, 24 hour, 48 
hour, 72 hour and 7 days post-transfection. In vivo experi 
ments can also be conducted using microRNA-binding site 
engineered molecules to examine changes in tissue-specific 
expression of formulated modified mRNA. 

5' Capping 

(0076. The 5' cap structure of an mRNA is involved in 
nuclear export, increasing mRNA stability and binds the 
mRNA Cap Binding Protein (CBP), which is responsible for 
mRNA stability in the cell and translation competency 
through the association of CBP with poly(A) binding protein 
to form the mature cyclic mRNA species. The cap further 
assists the removal of 5" proximal introns removal during 
mRNA splicing. 
0077 Endogenous mRNA molecules may be 5'-end 
capped generating a 5'-ppp-5'-triphosphate linkage between a 
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terminal guanosine cap residue and the 5'-terminal tran 
scribed sense nucleotide of the mRNA molecule. This 5'-gua 
nylate cap may then be methylated to generate an N7-methyl 
guanylate residue. The ribose Sugars of the terminal and/or 
anteterminal transcribed nucleotides of the 5' end of the 
mRNA may optionally also be 2'-O-methylated. 5'-decapping 
through hydrolysis and cleavage of the guanylate cap struc 
ture may target a nucleic acid molecule. Such as an mRNA 
molecule, for degradation. 
0078 Modifications to the modified mRNA of the present 
invention may generate a non-hydrolyzable cap structure pre 
venting decapping and thus increasing mRNA half-life. 
Because cap structure hydrolysis requires cleavage of 5'-ppp 
5' phosphorodiester linkages, modified nucleotides may be 
used during the capping reaction. For example, a Vaccinia 
Capping Enzyme from New England Biolabs (Ipswich, 
Mass.) may be used with C-thio-guanosine nucleotides 
according to the manufacturers instructions to create a phos 
phorothioate linkage in the 5'-ppp-5' cap. Additional modified 
guanosine nucleotides may be used such as C.-methyl-phos 
phonate and seleno-phosphate nucleotides. 
0079 Additional modifications include, but are not lim 
ited to. 2'-O-methylation of the ribose sugars of 5'-terminal 
and/or 5'-anteterminal nucleotides of the mRNA (as men 
tioned above) on the 2'-hydroxyl group of the Sugar ring. 
Multiple distinct 5'-cap structures can be used to generate the 
5'-cap of a nucleic acid molecule, such as an mRNA mol 
ecule. 

0080 Cap analogs, which herein are also referred to as 
Synthetic cap analogs, chemical caps, chemical cap analogs, 
or structural or functional cap analogs, differ from natural 
(i.e. endogenous, wild-type or physiological) 5'-caps in their 
chemical structure, while retaining cap function. Cap analogs 
may be chemically (i.e. non-enzymatically) or enzymatically 
synthesized and/or linked to a nucleic acid molecule. 
0081 For example, the Anti-Reverse Cap Analog (ARCA) 
cap contains two guanines linked by a 5'-5'-triphosphate 
group, wherein one guanine contains an N7 methyl group as 
well as a 3'-O-methyl group (i.e., N7.3'-O-dimethyl-gua 
nosine-5'-triphosphate-5'-guanosine (m'G-3' mppp-G: 
which may equivalently be designated 3'O-Me-m7G(5)ppp 
(5')G). The 3'-O atom of the other, unmodified, guanine 
becomes linked to the 5'-terminal nucleotide of the capped 
nucleic acid molecule (e.g. an mRNA or mmRNA). The N7 
and 3'-O-methylated guanine provides the terminal moiety of 
the capped nucleic acid molecule (e.g. mRNA or mmRNA). 
0082 Another exemplary cap is mGAP, which is similar to 
ARCA but has a 2'-O-methyl group on guanosine (i.e., N7,2'- 
O-dimethyl-guanosine-5'-triphosphate-5'-guanosine, 
m"Gm-ppp-G). 
0083. While cap analogs allow for the concomitant cap 
ping of a nucleic acid molecule in an in vitro transcription 
reaction, up to 20% of transcripts can remain uncapped. This, 
as well as the structural differences of a cap analog from an 
endogenous 5'-cap structures of nucleic acids produced by the 
endogenous, cellular transcription machinery, may lead to 
reduced translational competency and reduced cellular sta 
bility. 
0084. Modified mRNA of the present invention may also 
be capped post-transcriptionally, using enzymes, in order to 
generate more authentic 5'-cap structures. As used herein, the 
phrase “more authentic' refers to a feature that closely mir 
rors or mimics, either structurally or functionally, an endog 
enous or wild type feature. That is, a “more authentic' feature 

Sep. 12, 2013 

is better representative of an endogenous, wild-type, natural 
or physiological cellular function and/or structure as com 
pared to synthetic features or analogs, etc., of the prior art, or 
which outperforms the corresponding endogenous, wild 
type, natural or physiological feature in one or more respects. 
Non-limiting examples of more authentic 5' cap structures of 
the present invention are those which, among other things, 
have enhanced binding of cap binding proteins, increased half 
life, reduced susceptibility to 5' endonucleases and/or 
reduced 5' decapping, as compared to synthetic 5' cap struc 
tures known in the art (or to a wild-type, natural or physi 
ological 5' cap structure). For example, recombinant Vaccinia 
Virus Capping Enzyme and recombinant 2'-O-methyltrans 
ferase enzyme can create a canonical 5'-5'-triphosphate link 
age between the 5'-terminal nucleotide of an mRNA and a 
guanine cap nucleotide wherein the cap guanine contains an 
N7 methylation and the 5'-terminal nucleotide of the mRNA 
contains a 2'-O-methyl. Such a structure is termed the Cap1 
structure. This cap results in a higher translational-compe 
tency and cellular stability and a reduced activation of cellular 
pro-inflammatory cytokines, as compared, e.g., to other 5' cap 
analog structures known in the art. Cap structures include, but 
are not limited to, 7mG(5')ppp(5')N, pN2p (cap 0), 7mG(5') 
ppp(5')N1mpNp (cap 1), and 7mG(5')-ppp(5')N1 mpn2mp 
(cap 2). 
I0085. Because the modified mRNA may be capped post 
transcriptionally, and because this process is more efficient, 
nearly 100% of the modified mRNA may be capped. This is in 
contrast to ~80% when a cap analog is linked to an mRNA in 
the course of an in vitro transcription reaction. 
I0086 According to the present invention, 5' terminal caps 
may include endogenous caps or cap analogs. According to 
the present invention, a 5' terminal cap may comprise a gua 
nine analog. Useful guanine analogs include, but are not 
limited to, inosine, N1-methyl-guanosine, 2 fluoro-gua 
nosine, 7-deaza-guanosine, 8-oxo-guanosine, 2-amino-gua 
nosine, LNA-guanosine, and 2-azido-guanosine. 

Viral Sequences 

I0087 Additional viral sequences such as, but not limited 
to, the translation enhancer sequence of the barley yellow 
dwarf virus (BYDV-PAV) can be engineered and inserted in 
the 3' UTR of the modified mRNA of the invention and can 
stimulate the translation of the mRNA in vitro and in vivo. 
Transfection experiments can be conducted in relevant cell 
lines at and protein production can be assayed by ELISA at 12 
hour, 24 hour, 48 hour, 72 hour and day 7 post-transfection. 

IRES Sequences 

I0088. Further, provided are modified mRNA which may 
contain an internal ribosome entry site (IRES). First identified 
as a feature Picorna virus RNA, IRES plays an important role 
in initiating protein synthesis in absence of the 5' cap struc 
ture. An IRES may act as the sole ribosome binding site, or 
may serve as one of multiple ribosome binding sites of an 
mRNA. Modified mRNA containing more than one func 
tional ribosome binding site may encode several peptides or 
polypeptides that are translated independently by the ribo 
somes (“multicistronic nucleic acid molecules'). When 
modified mRNA are provided with an IRES, further option 
ally provided is a second translatable region. Examples of 
IRES sequences that can be used according to the invention 
include without limitation, those from picornaviruses (e.g. 
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FMDV), pest viruses (CFFV), polio viruses (PV), encepha 
lomyocarditis viruses (ECMV), foot-and-mouth disease 
viruses (FMDV), hepatitis C viruses (HCV), classical swine 
fever viruses (CSFV), murine leukemia virus (MLV), simian 
immune deficiency viruses (SIV) or cricket paralysis viruses 
(CrPV). 

Poly-A Tails 
0089. During RNA processing, a long chain of adenine 
nucleotides (poly-A tail) may be added to a modified nucleic 
acid molecule such as a modified mRNA molecules in order 
to increase stability. Immediately after transcription, the 3' 
end of the transcript may be cleaved to free a 3' hydroxyl. 
Then poly-A polymerase adds a chain of adenine nucleotides 
to the RNA. The process, called polyadenylation, adds a 
poly-A tail that can be between, for example, approximately 
100 and 250 residues long. 
0090. It has been discovered that unique poly-A tail 
lengths provide certain advantages to the modified mRNA of 
the present invention. 
0091 Generally, the length of a poly-A tail of the present 
invention is greater than 30 nucleotides in length. In another 
embodiment, the poly-A tail is greater than 35 nucleotides in 
length (e.g., at least or greater than about 35, 40, 45, 50, 55. 
60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 250, 300, 350, 
400, 450, 500, 600, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, 
1,400, 1,500, 1,600, 1,700, 1,800, 1,900, 2,000, 2,500, and 
3,000 nucleotides). In some embodiments, the modified 
mRNA includes from about 30 to about 3,000 nucleotides 
(e.g., from 30 to 50, from 30 to 100, from 30 to 250, from 30 
to 500, from 30 to 750, from 30 to 1,000, from 30 to 1,500, 
from 30 to 2,000, from 30 to 2,500, from 50 to 100, from 50 
to 250, from 50 to 500, from 50 to 750, from 50 to 1,000, from 
50 to 1,500, from 50 to 2,000, from 50 to 2,500, from 50 to 
3,000, from 100 to 500, from 100 to 750, from 100 to 1,000, 
from 100 to 1,500, from 100 to 2,000, from 100 to 2,500, from 
100 to 3,000, from 500 to 750, from 500 to 1,000, from 500 to 
1,500, from 500 to 2,000, from 500 to 2,500, from 500 to 
3,000, from 1,000 to 1,500, from 1,000 to 2,000, from 1,000 
to 2,500, from 1,000 to 3,000, from 1,500 to 2,000, from 
1,500 to 2,500, from 1,500 to 3,000, from 2,000 to 3,000, 
from 2,000 to 2,500, and from 2,500 to 3,000). 
0092. In one embodiment, the poly-A tail is designed rela 

tive to the length of the overall modified mRNA. This design 
may be based on the length of the coding region, the length of 
a particular feature or region (such as the flanking regions), or 
based on the length of the ultimate product expressed from the 
modified mRNA. 
0093. In this context the poly-A tail may be 10, 20,30, 40, 
50, 60, 70,80,90, or 100% greater in length than the modified 
mRNA, region or feature thereof. The poly-A tail may also be 
designed as a fraction of modified mRNA to which it belongs. 
In this context, the poly-A tail may be 10, 20, 30, 40, 50, 60. 
70, 80, or 90% or more of the total length of the molecule or 
the totallength of the molecule minus the poly-A tail. Further, 
engineered binding sites and conjugation of modified mRNA 
for Poly-A binding protein may enhance expression. 
0094. Additionally, multiple distinct modified mRNA 
may be linked together to the PABP (Poly-Abinding protein) 
through the 3'-end using modified nucleotides at the 3'-termi 
nus of the poly-A tail. Transfection experiments can be con 
ducted in relevant cell lines at and protein production can be 
assayed by ELISA at 12 hour, 24 hour, 48 hour, 72 hour and 
day 7 post-transfection. 
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0095. In one embodiment, the modified mRNA of the 
present invention are designed to include a poly A-G Quartet. 
The G-quartet is a cyclic hydrogen bonded array of four 
guanine nucleotides that can be formed by G-rich sequences 
in both DNA and RNA. In this embodiment, the G-quartet is 
incorporated at the end of the poly-A tail. The resultant 
mmRNA molecule is assayed for stability, protein production 
and other parameters including half-life at various time 
points. It has been discovered that the poly A-G quartet results 
in protein production equivalent to at least 75% of that seen 
using a poly-A tail of 120 nucleotides alone. 

Modifications 

0096. The modified nucleic acids and modified mRNA 
(mmRNA) of the invention may contain one, two, or more 
different modifications. In some embodiments, modified 
nucleic acids and mmRNA may contain one, two, or more 
different nucleoside or nucleotide modifications. In some 
embodiments, a modified nucleic acid or mmRNA (e.g., hav 
ing one or more mmRNA molecules) introduced to a cell may 
exhibit reduced degradation in the cell, as compared to an 
unmodified nucleic acid or mmRNA. 
0097. The modified nucleic acids and mmRNA can 
include any useful modification, Such as to the Sugar, the 
nucleobase (e.g., one or more modifications of a nucleobase, 
Such as by replacing or Substituting an atom of a pyrimidine 
nucleobase with optionally Substituted amino, optionally 
substituted thiol, optionally substituted alkyl (e.g., methyl or 
ethyl), or halo (e.g., chloro or fluoro), or the internucleoside 
linkage (e.g., one or more modification to the phosphodiester 
backbone). In certain embodiments, modifications are 
present in both the Sugar and the internucleoside linkage (e.g., 
one or modifications, such as those present in ribonucleic 
acids (RNA), deoxyribonucleic acids (DNAs), threose 
nucleic acids (TNAS), glycol nucleic acids (GNAS), peptide 
nucleic acids (PNAS), locked nucleic acids (LNAs) or hybrids 
thereof). Additional modifications are described herein. 
0098. As described herein, the modified nucleic acids and 
mmRNA of the invention do not substantially induce an 
innate immune response of a cell into which the mRNA is 
introduced. In certain embodiments, it may desirable to intra 
cellularly degrade a modified nucleic acid molecule or modi 
fied nucleic acid molecule introduced into the cell. For 
example, degradation of a modified nucleic acid molecule or 
modified mRNA may be preferable if precise timing of pro 
tein production is desired. Thus, in some embodiments, the 
invention provides a modified nucleic acid molecule contain 
ing a degradation domain, which is capable of being acted on 
in a directed manner within a cell. In another aspect, the 
present disclosure provides nucleic acids comprising a 
nucleoside or nucleotide that can disrupt the binding of a 
major groove interacting, e.g. binding, partner with the 
nucleic acid (e.g., where the modified nucleotide has 
decreased binding affinity to major groove interacting part 
ner, as compared to an unmodified nucleotide). 
0099. The modified nucleic acid and mmRNA can option 
ally include other agents (e.g., RNAi-inducing agents, RNAi 
agents, siRNA, shRNA, miRNA, antisense RNA, ribozymes, 
catalytic DNA, tRNA, RNA that induce triple helix forma 
tion, aptamers, vectors, etc.). In some embodiments, the 
modified nucleic acids or mmRNA may include one or more 
messenger RNA (mRNA) and one or more modified nucleo 
side or nucleotides (e.g., mmRNA molecules). Details for 
these modified nucleic acids and mmRNA follow. 
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Modified Nucleic Acids 

0100. The modified nucleic acids or mmRNA of the inven 
tion may include a first region of linked nucleosides encoding 
a polypeptide of interest, a first flanking region located at the 
5' terminus of the first region, and a second flanking region 
located at the 3' terminus of the first region. 
0101. In some embodiments, the modified nucleic acids or 
mmRNA includes n number of linked nucleosides having 
Formula (Ia) or Formula (Ia-1): 

(Ia) 

(Ia-1) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

0102 U is O, S, N(R), or C(R), wherein nu is an 
integer from 0 to 2 and each Ris, independently, H, halo, or 
optionally substituted alkyl; 
0103) --- is a single bond or absent; 
0104 each of R. R. R'", R", R', R,R,R, and R is if 
present, independently, H., halo, hydroxy, thiol, optionally 
Substituted alkyl, optionally Substituted alkoxy, optionally 
Substituted alkenyloxy, optionally Substituted alkynyloxy, 
optionally Substituted aminoalkoxy, optionally Substituted 
alkoxyalkoxy, optionally substituted hydroxyalkoxy, option 
ally Substituted amino, azido, optionally Substituted aryl, 
optionally substituted aminoalkyl, optionally Substituted 
aminoalkenyl, optionally substituted aminoalkynyl, or 
absent; wherein the combination of R with one or more of 
R", R'", R. R", or R (e.g., the combination of R'' and R, 
the combination of R" and R, the combination of RandR, 
the combination of R and R, or the combination of Rand 
R) can join together to form optionally substituted alkylene 
or optionally Substituted heteroalkylene and, taken together 
with the carbons to which they are attached, provide an 
optionally Substituted heterocyclyl (e.g., a bicyclic, tricyclic, 
or tetracyclic heterocyclyl); wherein the combination of R 
with one or more of R. R'", R, or R' (e.g., the combination 
of RandR, the combination of R" and R, the combination 
of R and R, or the combination of R and R) can join 
together to form optionally substituted alkylene or optionally 
substituted heteroalkylene and, taken together with the car 
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bons to which they are attached, provide an optionally sub 
stituted heterocyclyl (e.g., a bicyclic, tricyclic, or tetracyclic 
heterocyclyl); and wherein the combination of Randone or 
more of R', R", R. R. R. or Rican join together to form 
optionally substituted alkylene or optionally substituted het 
eroalkylene and, taken together with the carbons to which 
they are attached, provide an optionally substituted heterocy 
clyl (e.g., a bicyclic, tricyclic, or tetracyclic heterocyclyl); 

0105 each of m'and m" is, independently, an integer from 
0 to 3 (e.g., from 0 to 2, from 0 to 1, from 1 to 3, or from 1 to 
2); 
0106 each of Y', Y, and Y, is, independently, O, S, Se, 
—NR'—, optionally substituted alkylene, or optionally 
substituted heteroalkylene, wherein R^' is H, optionally sub 
stituted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, optionally Substituted aryl, or absent; 
I0107 each Y is, independently, H, hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted thioalkoxy, option 
ally substituted alkoxyalkoxy, or optionally substituted 
amino; 
I0108) each Y is, independently, O, S, Se, optionally sub 
stituted alkylene (e.g., methylene), or optionally Substituted 
heteroalkylene; 

0109 
0110 B is a nucleobase (e.g., a purine, a pyrimidine, or 
derivatives thereof), wherein the combination of B and R', 
the combination of Band R, the combination of B and R'", 
or the combination of B and R can, taken together with the 
carbons to which they are attached, optionally form a bicyclic 
group (e.g., a bicyclic heterocyclyl) or wherein the combina 
tion of B, R", and Ror the combination of B, R", and Rican 
optionally form a tricyclic or tetracyclic group (e.g., a tricy 
clic or tetracyclic heterocyclyl, such as in Formula (IIo)-(IIp) 
herein). In some embodiments, the modified nucleic acid or 
mmRNA includes a modified ribose. 

0111. In some embodiments, the modified nucleic acid or 
mmRNA includes n number of linked nucleosides having 
Formula (Ia-2)-(Ia-5) or a pharmaceutically acceptable salt or 
stereoisomer thereof. 

n is an integer from 1 to 100,000; and 

(Ia-2)   
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-continued 
(Ia-3) 

(Ia-4) 

(Ia-5) 

0112. In some embodiments, the modified nucleic acid or 
mmRNA includes n number of linked nucleosides having 
Formula (Ib) or Formula (Ib-1): 

(Ib) 

(Ib -1) 

Sep. 12, 2013 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 
I0113 U is O, S, N(R), or C(R), wherein nu is an 
integer from 0 to 2 and each R is, independently, H, halo, or 
optionally substituted alkyl; 
0114. --- is a single bond or absent; 
0115 each of R', R. R.", and R is, independently, H, 
halo, hydroxy, optionally Substituted alkyl, optionally Substi 
tuted alkoxy, optionally Substituted alkenyloxy, optionally 
Substituted alkynyloxy, optionally Substituted aminoalkoxy, 
optionally Substituted alkoxyalkoxy, optionally Substituted 
hydroxyalkoxy, optionally Substituted amino, azido, option 
ally substituted aryl, optionally Substituted aminoalkyl, 
optionally Substituted aminoalkenyl, optionally Substituted 
aminoalkynyl, or absent; and wherein the combination of R' 
and Ror the combination of RandR" can be taken together 
to form optionally substituted alkylene or optionally substi 
tuted heteroalkylene (e.g., to produce a locked nucleic acid); 
10116 each Ris, independently, H, halo, hydroxy, option 
ally substituted alkyl, optionally Substituted alkoxy, option 
ally Substituted alkenyloxy, optionally Substituted alkyny 
loxy, optionally Substituted aminoalkoxy, optionally 
Substituted alkoxyalkoxy, or absent; 
0117 each of Y', Y', and Y is, independently, O, S, Se, 
NRY'—, optionally substituted alkylene, or optionally 

substituted heteroalkylene, wherein R^' is H, optionally sub 
stituted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, or optionally substituted aryl; each Y is, 
independently, H., hydroxy, thiol, boranyl, optionally Substi 
tuted alkyl, optionally substituted alkenyl, optionally substi 
tuted alkynyl, optionally Substituted alkoxy, optionally Sub 
stituted alkenyloxy, optionally Substituted alkynyloxy, 
optionally Substituted alkoxyalkoxy, or optionally Substituted 
am1nO, 
0118 n is an integer from 1 to 100,000; and 
0119 B is a nucleobase. 
0.120. In some embodiments, the modified nucleic acid or 
mmRNA includes n number of linked nucleosides having 
Formula (Ic): 

(Ic) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 
10121 U is O, S, N(R), or C(R), wherein nu is an 
integer from 0 to 2 and each Ris, independently, H, halo, or 
optionally substituted alkyl; 
I0122) --- is a single bond or absent; 
(0123 each of B, B, and B is, independently, a nucleo 
base (e.g., a purine, a pyrimidine, or derivatives thereof, as 
described herein), H, halo, hydroxy, thiol, optionally substi 
tuted alkyl, optionally Substituted alkoxy, optionally Substi 
tuted alkenyloxy, optionally Substituted alkynyloxy, option 
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ally Substituted aminoalkoxy, optionally Substituted 
alkoxyalkoxy, optionally substituted hydroxyalkoxy, option 
ally Substituted amino, azido, optionally Substituted aryl, 
optionally substituted aminoalkyl, optionally Substituted 
aminoalkenyl, or optionally Substituted aminoalkynyl, 
wherein one and only one of B', B, and B is a nucleobase: 
0.124 each of R', R. R. R., and R is, independently, 
H. halo, hydroxy, thiol, optionally Substituted alkyl, option 
ally Substituted alkoxy, optionally Substituted alkenyloxy, 
optionally Substituted alkynyloxy, optionally Substituted 
aminoalkoxy, optionally substituted alkoxyalkoxy, option 
ally substituted hydroxyalkoxy, optionally Substitutedamino, 
azido, optionally Substituted aryl, optionally substituted ami 
noalkyl, optionally Substituted aminoalkenyl or optionally 
Substituted aminoalkynyl: 
0125 each of Y', Y, and Y, is, independently, O, S, Se, 
—NRY'—, optionally substituted alkylene, or optionally 
substituted heteroalkylene, wherein R^' is H, optionally sub 
stituted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, or optionally substituted aryl; 
I0126) each Y is, independently, H, hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted thioalkoxy, option 
ally substituted alkoxyalkoxy, or optionally substituted 
amino; 
0127 each Y is, independently, O, S, Se, optionally sub 
stituted alkylene (e.g., methylene), or optionally substituted 
heteroalkylene; 
0128 n is an integer from 1 to 100,000; and 
0129 wherein the ring including U can include one or 
more double bonds. 

0130. In particular embodiments, the ring including U 
does not have a double bond between U CBR' or between 
CBR3 Cf2Rb2. 
0131. In some embodiments, the modified nucleic acid or 
mmRNA includes n number of linked nucleosides having 
Formula (Id): 

(Id) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

(0132 U is O, S, N(R), or C(R), wherein nu is an 
integer from 0 to 2 and each R is, independently, H, halo, or 
optionally substituted alkyl; 
I0133) each R is, independently, H, halo, hydroxy, thiol, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted 
alkynyloxy, optionally Substituted aminoalkoxy, optionally 
substituted alkoxyalkoxy, optionally substituted hydroxy 
alkoxy, optionally substituted amino, azido, optionally Sub 
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stituted aryl, optionally substituted aminoalkyl, optionally 
Substituted aminoalkenyl, or optionally substituted ami 
noalkynyl: 

I0134) each of Y', Y, and Y, is, independently, O, S, Se, 
—NR'—, optionally substituted alkylene, or optionally 
substituted heteroalkylene, wherein R^' is H, optionally sub 
stituted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, or optionally substituted aryl; 
I0135 each Y is, independently, H, hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted thioalkoxy, option 
ally substituted alkoxyalkoxy, or optionally substituted 
amino; 
10136 each Y is, independently, O, S, optionally substi 
tuted alkylene (e.g., methylene), or optionally substituted 
heteroalkylene; 

0.137 
0.138 B is a nucleobase (e.g., a purine, a pyrimidine, or 
derivatives thereof). 
0.139. In some embodiments, the modified nucleic acid 
molecules or modified mRNA includes n number of linked 
nucleosides having Formula (Ie): 

n is an integer from 1 to 100,000; and 

(Ie) 
Ut 

YS --- B n N 

N" 
R6-N s 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

0140 each of U and U" is, independently, O, S, N(R), 
or C(R), wherein nu is an integer from 0 to 2 and each R' 
is, independently, H., halo, or optionally Substituted alkyl; 
each R is, independently, H, halo, hydroxy, thiol, optionally 
Substituted alkyl, optionally Substituted alkoxy, optionally 
Substituted alkenyloxy, optionally Substituted alkynyloxy, 
optionally Substituted aminoalkoxy, optionally Substituted 
alkoxyalkoxy, optionally substituted hydroxyalkoxy, option 
ally Substituted amino, azido, optionally Substituted aryl, 
optionally substituted aminoalkyl, optionally Substituted 
aminoalkenyl, or optionally Substituted aminoalkynyl: 
I0141 each Y is, independently, O, S, optionally substi 
tuted alkylene (e.g., methylene or ethylene), or optionally 
substituted heteroalkylene; 
0142 
0.143 B is a nucleobase (e.g., a purine, a pyrimidine, or 
derivatives thereof). 
0144. In some embodiments, the modified nucleic acid or 
mmRNA includes n number of linked nucleosides having 
Formula (If) or (If-1): 

n is an integer from 1 to 100,000; and 
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or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 
(0145 each of U and U" is, independently, O, S, N,N(R) 

or C(R), wherein nu is an integer from 0 to 2 and each 
R is, independently, H, halo, or optionally substituted alkyl 
(e.g., U is O and U" is N); 
0146 --- is a single bond or absent; 
0147 each of R. R. R", R. R., and R is, indepen 
dently, H., halo, hydroxy, thiol, optionally substituted alkyl, 
optionally substituted alkoxy, optionally Substituted alkeny 
loxy, optionally Substituted alkynyloxy, optionally Substi 
tuted aminoalkoxy, optionally Substituted alkoxyalkoxy, 
optionally substituted hydroxyalkoxy, optionally substituted 
amino, azido, optionally Substituted aryl, optionally Substi 
tuted aminoalkyl, optionally substituted aminoalkenyl, 
optionally Substituted aminoalkynyl, or absent; and wherein 
the combination of RandR, the combination of R" and R. 
the combination of RandR, or the combination of R and 
Rican be taken together to form optionally substituted alky 
lene or optionally Substituted heteroalkylene (e.g., to produce 
a locked nucleic acid); each of m' and m" is, independently, an 
integer from 0 to 3 (e.g., from 0 to 2, from 0 to 1, from 1 to 3, 
or from 1 to 2); 
0148 each of Y', Y, and Y, is, independently, O, S, Se, 
—NR'—, optionally substituted alkylene, or optionally 
substituted heteroalkylene, wherein R^' is H, optionally sub 
stituted alkyl, optionally substituted alkenyl, optionally sub 
stituted alkynyl, optionally Substituted aryl, or absent; 
I0149 each Y is, independently, H, hydroxy, thiol, bora 
nyl, optionally substituted alkyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted thioalkoxy, option 
ally substituted alkoxyalkoxy, or optionally substituted 
amino; 
I0150 each Y is, independently, O, S, Se, optionally sub 
stituted alkylene (e.g., methylene), or optionally Substituted 
heteroalkylene; 
0151 n is an integer from 1 to 100,000; and 
0152 B is a nucleobase (e.g., a purine, a pyrimidine, or 
derivatives thereof). 
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0153. In some embodiments of the modified nucleic acid 
or mmRNA (e.g., (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), (IIb-1), 
(IIb-2), (IIc-1)-(IIc-2). (In-1). (In-2). (IVa)-(IV1), and 
(IXa)-(IXr)), the ring including U has one or two double 
bonds. 

0154. In some embodiments of the modified nucleic acid 
or mmRNA (e.g., Formulas (Ia)-la-5). (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), each of R', R', and R'", if present, is H. In 
further embodiments, each of R. R. and R", if present, is, 
independently, H., halo (e.g., fluoro), hydroxy, optionally Sub 
stituted alkoxy (e.g., methoxy or ethoxy), or optionally Sub 
stituted alkoxyalkoxy. In particular embodiments, alkoxy 
alkoxy is —(CH2)(OCH2CH2)(CH)OR', wherein S1 is 
an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each 
of S2 and S3, independently, is an integer from 0 to 10 (e.g., 
from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 
10), and R' is H or Co alkyl). In some embodiments, S2 is 0. 
s1 is 1 or 2, s3 is 0 or 1, and R is C alkyl. 
0.155. In some embodiments of the modified nucleic acid 
or mmRNA (e.g., Formulas (Ia)-la-5). (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), each of R. R. and R", if present, is H. In 
further embodiments, each of R', R', and R", if present, is, 
independently, H., halo (e.g., fluoro), hydroxy, optionally Sub 
stituted alkoxy (e.g., methoxy or ethoxy), or optionally Sub 
stituted alkoxyalkoxy. In particular embodiments, alkoxy 
alkoxy is —(CH2)(OCH2CH2)(CH)OR', wherein S1 is 
an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each 
of S2 and S3, independently, is an integer from 0 to 10 (e.g., 
from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 
10), and R' is H or Co alkyl). In some embodiments, S2 is 0. 
s1 is 1 or 2, s3 is 0 or 1, and R is C alkyl. 
0156. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-la-5). (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), each of R. R', and R is, independently, H, 
halo (e.g., fluoro), hydroxy, optionally Substituted alkyl, 
optionally Substituted alkoxy (e.g., methoxy or ethoxy), or 
optionally Substituted alkoxyalkoxy. In particular embodi 
ments, R is H, R is H, R is H, or R. R. and Rare all H. In 
particular embodiments, R is C, alkyl, R' is C, alkyl, R 
is C alkyl, or R. R. and Rare all C, alkyl. In particular 
embodiments, RandR are both H, and R is C, alkyl. 
0157. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-la-5). (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), R and Rjoin together to form optionally 
substituted alkylene or optionally substituted heteroalkylene 
and, taken together with the carbons to which they are 
attached, provide an optionally Substituted heterocyclyl (e.g., 
a bicyclic, tricyclic, or tetracyclic heterocyclyl. Such as trans 
3',4' analogs, wherein R and R join together to form het 
eroalkylene (e.g., -(CH2), O(CH2)2O(CH), , wherein 
each ofb1, b2, and b3 are, independently, an integer from 0 to 
3). 
0158. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-la-5). (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), R and one or more of R', R'", R. R", or 
Rjoin together to form optionally substituted alkylene or 
optionally substituted heteroalkylene and, taken together 
with the carbons to which they are attached, provide an 
optionally Substituted heterocyclyl (e.g., a bicyclic, tricyclic, 
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or tetracyclicheterocyclyl, Randone or more of R', R", R. 
R", or Rjoin together to form heteroalkylene (e.g., -(CH2) 
O(CH2)2O(CH), , wherein each ofb1, b2, and b3 are, 

independently, an integer from 0 to 3). 
0159. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-la-5), (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), Randone or more of R', R'", R, or R' 
join together to form optionally Substituted alkylene or 
optionally substituted heteroalkylene and, taken together 
with the carbons to which they are attached, provide an 
optionally Substituted heterocyclyl (e.g., a bicyclic, tricyclic, 
or tetracyclicheterocyclyl, Randone or more of R', R", R. 
or R join together to form heteroalkylene (e.g., -(CH), O 
(CH2)2O(CH), , wherein each of b1, b2, and b3 are, 
independently, an integer from 0 to 3). 
0160. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-la-5), (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), each Y is, independently, O, S, or 
—NRY'—, wherein R^' is H, optionally substituted alkyl, 
optionally substituted alkenyl, optionally Substituted alkynyl, 
or optionally substituted aryl. In particular embodiments, Y 
is NRY' , wherein R^' is H or optionally substituted alkyl 
(e.g., C alkyl, Such as methyl, ethyl, isopropyl, or n-pro 
pyl). 
0161. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-la-5), (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (In-1), (IIn-2), (IVa)-(IV1), 
and (IXa)-(IXr)), each Y is, independently, O or S. 
0162. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-la-5), (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), R is H; each R is, independently, H, halo 
(e.g., fluoro), hydroxy, optionally Substituted alkoxy (e.g., 
methoxy or ethoxy), or optionally substituted alkoxyalkoxy 
(e.g., -(CH2)2(OCH2CH2)(CH)OR', wherein S1 is an 
integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of 
S2 and S3, independently, is an integer from 0 to 10 (e.g., from 
0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), 
and R' is H or Co alkyl, such as whereins2 is 0, S1 is 1 or 2. 
s3 is 0 or 1, and R' is C, alkyl); each Y is, independently, O 
or NRY'—, wherein R^' is H, optionally substituted alkyl, 
optionally substituted alkenyl, optionally Substituted alkynyl, 
or optionally substituted aryl (e.g., wherein R^' is H or 
optionally substituted alkyl (e.g., C alkyl. Such as methyl, 
ethyl, isopropyl, or n-propyl)); and each Y is, independently, 
O or S (e.g., S). In further embodiments, R is H. halo (e.g., 
fluoro), hydroxy, optionally substituted alkyl, optionally sub 
stituted alkoxy (e.g., methoxy or ethoxy), or optionally Sub 
stituted alkoxyalkoxy. In yet further embodiments, eachY' is, 
independently, O or NR' , wherein R^' is H, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
Substituted alkynyl, or optionally Substituted aryl (e.g., 
wherein R^' is H or optionally substituted alkyl (e.g., C. 
alkyl, Such as methyl, ethyl, isopropyl, or n-propyl)); and 
each Y is, independently, H., hydroxy, thiol, optionally sub 
stituted alkyl, optionally Substituted alkoxy, optionally Sub 
stituted thioalkoxy, optionally Substituted alkoxyalkoxy, or 
optionally substituted amino. 
0163. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-(Ia-5), (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), each R' is, independently, H, halo (e.g., 
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fluoro), hydroxy, optionally Substituted alkoxy (e.g., meth 
oxy or ethoxy), or optionally Substituted alkoxyalkoxy (e.g., 
—(CH2)(OCH2CH2)(CH)OR', wherein S1 is an integer 
from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and 
S3, independently, is an integer from 0 to 10 (e.g., from 0 to 4. 
from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and R' 
is H or Co alkyl. Such as wherein S2 is 0, S1 is 1 or 2, S3 is 
0 or 1, and R' is Calkyl); R is H; each Y is, independently, 
O or - NRY' , wherein R^' is H, optionally substituted 
alkyl, optionally substituted alkenyl, optionally substituted 
alkynyl, or optionally substituted aryl (e.g., wherein R^' is H 
or optionally Substituted alkyl (e.g., C alkyl, Such as 
methyl, ethyl, isopropyl, or n-propyl)); and each Y is, inde 
pendently, O or S (e.g., S). In further embodiments, R is H. 
halo (e.g., fluoro), hydroxy, optionally Substituted alkyl, 
optionally Substituted alkoxy (e.g., methoxy or ethoxy), or 
optionally substituted alkoxyalkoxy. In yet further embodi 
ments, each Y is, independently, O or NRY' , wherein 
R' is H, optionally substituted alkyl, optionally substituted 
alkenyl, optionally Substituted alkynyl, or optionally Substi 
tuted aryl (e.g., wherein R^' is H or optionally substituted 
alkyl (e.g., C alkyl, Such as methyl, ethyl, isopropyl, or 
n-propyl)); and each Y is, independently, H., hydroxy, thiol, 
optionally Substituted alkyl, optionally Substituted alkoxy, 
optionally substituted thioalkoxy, optionally substituted 
alkoxyalkoxy, or optionally Substituted amino. 
(0164. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-(Ia-5), (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (In-1), (IIn-2), (IVa)-(IV1), 
and (IXa)-(IXr)), the ring including U is in the B-D (e.g., 
B-D-ribo) configuration. 
0.165. In some embodiments of the modified nucleic acids 
or mmRNA (e.g. Formulas (Ia)-(Ia-5). (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), the ring including U is in the C-L (e.g., 
C-L-ribo) configuration. 
(0166 In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-(Ia-5), (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), one or more B is not pseudouridine (up) or 
5-methyl-cytidine (mC). In some embodiments, about 10% 
to about 100% of B nucleobases is not p or mG (e.g., from 
10% to 20%, from 10% to 35%, from 10% to 50%, from 10% 
to 60%, from 10% to 75%, from 10% to 90%, from 10% to 
95%, from 10% to 98%, from 10% to 99%, from 20% to 35%, 
from 20% to 50%, from 20% to 60%, from 20% to 75%, from 
20% to 90%, from 20% to 95%, from 20% to 98%, from 20% 
to 99%, from 20% to 100%, from 50% to 60%, from 50% to 
75%, from 50% to 90%, from 50% to 95%, from 50% to 98%, 
from 50% to 99%, from 50% to 100%, from 75% to 90%, 
from 75% to 95%, from 75% to 98%, from 75% to 99%, and 
from 75% to 100% of n number of B is not p or mo). In some 
embodiments, B is not p or mG. 
(0167. In some embodiments of the modified nucleic acids 
or mmRNA (e.g., Formulas (Ia)-(Ia-5), (Ib)-(If-1), (IIa)-(IIp), 
(IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (IIn-2). (IVa)-(IV1). 
and (IXa)-(IXr)), when B is an unmodified nucleobase 
selected from cytosine, guanine, uracil and adenine, then at 
least one ofY, Y-, or Y is not O. 
(0168. In some embodiments, the modified nucleic acids or 
mmRNA includes a modified ribose. In some embodiments, 
modified nucleic acids or mmRNA includes n number of 
linked nucleosides having Formula (IIa)-(IIc): 
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(IIa) 

(IIb) 

(IIc) 

or a pharmaceutically acceptable salt or stereoisomer thereof. 
In particular embodiments, U is O or C(R), 
an integer from 0 to 2 and each R is, independently, H, halo, 
or optionally substituted alkyl (e.g., U is —CH2—, or 
—CH ). In other embodiments, each of R', R. R. R. and 
R is, independently, H, halo, hydroxy, thiol, optionally sub 
stituted alkyl, optionally Substituted alkoxy, optionally Sub 
stituted alkenyloxy, optionally Substituted alkynyloxy, 
optionally Substituted aminoalkoxy, optionally Substituted 
alkoxyalkoxy, optionally substituted hydroxyalkoxy, option 
ally Substituted amino, azido, optionally Substituted aryl, 
optionally substituted aminoalkyl, optionally Substituted 
aminoalkenyl, optionally Substituted aminoalkynyl, or absent 
(e.g., each R' and R is, independently, H, halo, hydroxy, 
optionally substituted alkyl, or optionally substituted alkoxy: 
each RandR is, independently, H or optionally substituted 
alkyl; and R is H or hydroxy), and is a single bond or 
double bond. 

0169. In particular embodiments, the modified nucleic 
acid or mmRNA includes n number of linked nucleosides 
having Formula (IIb-1)-(IIb-2): 

wherein nu is 

14 
Sep. 12, 2013 

(IIb-1) 
Yl-Ys 

O 

(IIb-2) 
Yi Yis B 

Y2 R2 

y= 
Y4 

or a pharmaceutically acceptable salt or stereoisomer thereof. 
In some embodiments, U is O or C(R), wherein nu is an 
integer from 0 to 2 and each R is, independently, H, halo, or 
optionally substituted alkyl (e.g., U is —CH2— or —CH-). 
In other embodiments, each of RandR is, independently, H, 
halo, hydroxy, thiol, optionally Substituted alkyl, optionally 
Substituted alkoxy, optionally substituted alkenyloxy, option 
ally Substituted alkynyloxy, optionally Substituted ami 
noalkoxy, optionally Substituted alkoxyalkoxy, optionally 
Substituted hydroxyalkoxy, optionally Substituted amino, 
azido, optionally Substituted aryl, optionally substituted ami 
noalkyl, optionally Substituted aminoalkenyl, optionally Sub 
stituted aminoalkynyl, or absent (e.g., each R' and R is, 
independently, H., halo, hydroxy, optionally Substituted alkyl, 
or optionally Substituted alkoxy, e.g., H., halo, hydroxy, alkyl, 
or alkoxy). In particular embodiments, R is hydroxy or 
optionally Substituted alkoxy (e.g., methoxy, ethoxy, or any 
described herein). 
0170 In particular embodiments, the modified nucleic 
acid or mmRNA includes n number of linked nucleosides 
having Formula (IIc-1)-(IIc-4): 

(IIc-1) 
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-continued 
(IIc-2) 

Y-Y O B 

(IIc-3) 

(IIc-4) 

or a pharmaceutically acceptable salt or stereoisomer thereof. 
In some embodiments, U is O or C(R), wherein nu is an 
integer from 0 to 2 and each R is, independently, H, halo, or 
optionally substituted alkyl (e.g., U is —CH2—, or—CH-). 
In some embodiments, each of R', R, and R is, indepen 
dently, H., halo, hydroxy, thiol, optionally substituted alkyl, 
optionally substituted alkoxy, optionally Substituted alkeny 
loxy, optionally Substituted alkynyloxy, optionally Substi 
tuted aminoalkoxy, optionally Substituted alkoxyalkoxy, 
optionally substituted hydroxyalkoxy, optionally substituted 
amino, azido, optionally Substituted aryl, optionally Substi 
tuted aminoalkyl, optionally substituted aminoalkenyl, 
optionally substituted aminoalkynyl, or absent (e.g., each R' 
and R is, independently, H, halo, hydroxy, optionally substi 
tuted alkyl, or optionally Substituted alkoxy, e.g., H., halo, 
hydroxy, alkyl, oralkoxy; and each Ris, independently, Hor 
optionally substituted alkyl)). In particular embodiments, R 
is optionally Substituted alkoxy (e.g., methoxy or ethoxy, or 
any described herein). In particular embodiments, R' is 
optionally substituted alkyl, and R is hydroxy. In other 
embodiments, R' is hydroxy, and R is optionally substituted 
alkyl. In further embodiments, R is optionally substituted 
alkyl. 

0171 In some embodiments, the modified nucleic acids or 
mmRNA includes an acyclic modified ribose. In some 
embodiments, the modified nucleic acids or mmRNA 
includes n number of linked nucleosides having Formula 
(IId)-(IIf): 

Sep. 12, 2013 

(IId) 

(IIe) 

(IIf) 

or a pharmaceutically acceptable salt or stereoisomer thereof. 

0.172. In some embodiments, the modified nucleic acids or 
mmRNA includes an acyclic modified hexitol. In some 
embodiments, the modified nucleic acids or mmRNA 
includes n number of linked nucleosides having Formula 
(IIg)-(II): 

(Ig) 

(IIh) 
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-continued 

(III) 

(II) 

or a pharmaceutically acceptable salt or stereoisomer thereof. 
0173. In some embodiments, the modified nucleic acids or 
mmRNA includes a Sugar moiety having a contracted or an 
expanded ribose ring. In some embodiments, the modified 
nucleic acids or mmRNA includes n numberoflinked nucleo 
sides having Formula (IIk)-(IIm): 

(IIk) 

(III) 
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-continued 

(IIm) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein each of R', R", R, and R" is, independently, H, 
halo, hydroxy, optionally Substituted alkyl, optionally Substi 
tuted alkoxy, optionally Substituted alkenyloxy, optionally 
Substituted alkynyloxy, optionally Substituted aminoalkoxy, 
optionally substituted alkoxyalkoxy, or absent, and wherein 
the combination of R and R or the combination of R and 
Rican be taken together to form optionally substituted alky 
lene or optionally substituted heteroalkylene. 

0.174. In some embodiments, the modified nucleic acids or 
mmRNA includes a locked modified ribose. In some embodi 

ments, the modified nucleic acids or mmRNA includes in 
number of linked nucleosides having Formula (IIn): 

(IIn) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein R is O, S, or - NRY' , wherein R^' is H, option 
ally substituted alkyl, optionally substituted alkenyl, option 
ally substituted alkynyl, or optionally substituted aryland R' 
is optionally substituted alkylene (e.g., —CH2—, 
—CH2CH2—, or —CH2CHCH ) or optionally substi 
tuted heteroalkylene (e.g., —CH-NH , —CHCH-NH . 
—CHOCH2—, or —CH2CHOCH ) (e.g., R is O and 
R" is optionally substituted alkylene (e.g., —CH2—, 
—CH2CH2—, or —CH2CH2CH2—)). 
0.175. In some embodiments, the modified nucleic acid or 
mmRNA includes n number of linked nucleosides having 
Formula (In-1)-(II-n2): 
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(IIn-1) 

O 

(IIn-2) 

or a pharmaceutically acceptable salt or stereoisomerthereof, 
wherein R is O, S, or - NRY' , wherein R^' is H, option 
ally substituted alkyl, optionally substituted alkenyl, option 
ally substituted alkynyl, or optionally substituted aryland R' 
is optionally Substituted alkylene (e.g., -CH2—, 
—CH2CH2—, or —CH2CHCH ) or optionally substi 
tuted heteroalkylene (e.g., —CH-NH , —CHCH-NH , 
—CHOCH2—, or —CH2CHOCH ) (e.g., R is O and 
R" is optionally substituted alkylene (e.g., —CH2—, 
—CH2CH2—, or —CH2CH2CH2—)). 
0176). In some embodiments, the modified nucleic acids or 
mmRNA includes a locked modified ribose that forms a tet 

racyclic heterocyclyl. In some embodiments, the modified 
nucleic acids or mmRNA includes n numberoflinked nucleo 

sides having Formula (IIo): 

(IIo) 

O 
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-continued 
(IIp) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein R, R2, T, T', T, T", V', and V are as 
described herein. 
0177. Any of the formulas for the modified nucleic acids 
or mmRNA can include one or more nucleobases described 
herein (e.g., Formulas (b1)-(b43)). 
0178. In one embodiment, the present invention provides 
methods of preparing a modified nucleic acids or mmRNA 
comprising at least one nucleotide (e.g., mmRNA molecule). 
wherein the modified nucleic acid comprises n number of 
nucleosides having Formula (Ia), as defined herein: 

(Ia) 

the method comprising reacting a compound of Formula 
(IIIa), as defined herein: 

(IIIa) 

with an RNA polymerase, and a cDNA template. 
0179. In a further embodiment, the present invention pro 
vides methods of amplifying a modified nucleic acids or 
mmRNA comprising at least one nucleotide (e.g., mmRNA 
molecule), the method comprising: reacting a compound of 
Formula (IIIa), as defined herein, with a primer, a cDNA 
template, and an RNA polymerase. 
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0180. In one embodiment, the present invention provides 
methods of preparing a modified nucleic acids or mmRNA 
comprising at least one nucleotide (e.g., mmRNA molecule). 
wherein the modified nucleic acid comprises n number of 
nucleosides having Formula (Ia-1), as defined herein: 

(Ia-1) 

the method comprising reacting a compound of Formula 
(IIIa-1), as defined herein: 

(IIIa-1) 

with an RNA polymerase, and a cDNA template. 
0181. In a further embodiment, the present invention pro 
vides methods of amplifying a modified nucleic acids or 
mmRNA comprising at least one nucleotide (e.g., mmRNA 
molecule), the method comprising reacting a compound of 
Formula (IIIa-1), as defined herein, with a primer, a cDNA 
template, and an RNA polymerase. 
0182. In one embodiment, the present invention provides 
methods of preparing a modified mRNA comprising at least 
one nucleotide (e.g., mmRNA molecule), wherein the poly 
nucleotide comprises n number of nucleosides having For 
mula (Ia-2), as defined herein: 

(Ia-2) 

Sep. 12, 2013 

the method comprising reacting a compound of Formula 
(IIIa-2), as defined herein: 

(IIIa-2) 

with an RNA polymerase, and a cDNA template. 
0183 In a further embodiment, the present invention pro 
vides methods of amplifying a modified mRNA comprising at 
least one nucleotide (e.g., mmRNA molecule), the method 
comprising: 

0.184 reacting a compound of Formula (IIIa-2), as defined 
herein, with a primer, a cDNA template, and an RNA poly 
CaS. 

0185. In some embodiments, the reaction may be repeated 
from 1 to about 7,000 times. In any of the embodiments 
herein, B may be a nucleobase of Formula (b1)-(b43). 
0186 The modified nucleic acids and mmRNA can 
optionally include 5' and/or 3' flanking regions, which are 
described herein. 

Modified RNA (e.g. mmRNA) Molecules 
0187. The present invention also includes building blocks, 
e.g., modified ribonucleosides, modified ribonucleotides, of 
modified RNA (mmRNA) molecules. For example, these 
mmRNA can be useful for preparing the modified nucleic 
acids or mmRNA of the invention. 

0188 In some embodiments, the building block molecule 
has Formula (IIIa) or (IIIa-1): 

(IIIa) 
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-continued 
(IIIa-1) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein the substituents are as described herein (e.g., for 
Formula (Ia) and (Ia-1)), and wherein when B is an unmodi 
fied nucleobase selected from cytosine, guanine, uracil and 
adenine, then at least one of Y', Y, or Y is not O. 
0189 In some embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid or 
mmRNA, has Formula (IVa)-(IVb): 

3 (IVa) 
Y 

6 ! l Y Y-ys B 

Y4 
* 

Sk O 
(IVb) 

y3 

6 Y Y-ys B 

Y4 
* 

HO OH, 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein B is as described herein (e.g., any one of (b1)-(b43)). 
In particular embodiments. Formula (IVa) or (IVb) is com 
bined with a modified uracil (e.g., any one of formulas (b1)- 
(b9), (b21)-(b23), and (b28)-(b31), such as formula (b1), 
(b8), (b28), (b29), or (b30)). In particular embodiments. For 
mula (IVa) or (IVb) is combined with a modified cytosine 
(e.g., any one of formulas (b10)-(b 14), (b24), (b25), and 
(b32)-(b36), such as formula (b 10) or (b32)). In particular 
embodiments. Formula (IVa) or (IVb) is combined with a 
modified guanine (e.g., any one of formulas (b.15)-(b.17) and 
(b37)-(b40)). In particular embodiments. Formula (IVa) or 
(IVb) is combined with a modified adenine (e.g., any one of 
formulas (b18)-(b20) and (b41)-(b43)). 
0190. In some embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, has Formula (IVc)-(IVk): 

19 
Sep 

R3 R, 

HG R2 

H CH3, 

y3 

Y6--P-Yl Y5 (2. 
4 U 
Y * s? W 

R3 R, 

HG 
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(IVc) 

(IVd) 

(IVe) 

(IVf) 

(IVg) 

(IVh) 

(IV) 
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-continued 

(IV) 
y3 

| Y Y Y5 (2), 
4 U 

Y * w 21 

R3 RI 

HG OCH, 
(IVk) 

y3 

| Y Y Y5 (2), 
Y4 U 

* s 
R3' R, or 

HG 
(IV) 

y3 

| - Y Y Y5 (2), 
4 U 

Y * w %r 

R3 R, 

HG 
(2) indicates text missing or illegible when filed 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein B is as described herein (e.g., any one of (b1)-(b43)). 
In particular embodiments, one of Formulas (IVc)-(IVk) is 
combined with a modified uracil (e.g., any one of formulas 
(b1)-(b9), (b21)-(b23), and (b28)-(b31), such as formula (b1), 
(b8), (b28), (b29), or (b30)). In particular embodiments, one 
of Formulas (IVc)-(IVk) is combined with a modified 
cytosine (e.g., any one of formulas (b10)-(b 14), (b24), (b25), 
and (b32)-(b36), such as formula (b 10) or (b32)). In particular 
embodiments, one of Formulas (IVc)-(IVk) is combined with 
a modified guanine (e.g., any one of formulas (b.15)-(b17) and 
(b37)-(b40)). In particular embodiments, one of Formulas 
(IVc)-(IVk) is combined with a modified adenine (e.g., any 
one of formulas (b18)-(b20) and (b41)-(b43)). 
0191 In other embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, has Formula (Va) or (Vb): 

(Va) 
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-continued 
(Vb) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein B is as described herein (e.g., any one of (b1)-(b43)). 
0.192 In other embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, has Formula (IXa)-(IXd): 

(IXa) 
y3 

y6 |-y 
5 

Y4 Ivy 
HG T 

(IXb) 
y3 

y6 |-y 
5 

Y4 / Vy 
HG Br 

(LXc) 
y3 

y6 B-y 
J. ' O. . " 

* 

HG c 
(IXd) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein B is as described herein (e.g., any one of (b1)-(b43)). 
In particular embodiments, one of Formulas (IXa)-(IXd) is 
combined with a modified uracil (e.g., any one of formulas 
(b1)-(b9), (b21)-(b23), and (b28)-(b31), such as formula (b1), 
(b8), (b28), (b29), or (b30)). In particular embodiments, one 
of Formulas (IXa)-(IXd) is combined with a modified 
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cytosine (e.g., any one of formulas (b10)-(b 14), (b24), (b25), 
and (b32)-(b36), such as formula (b 10) or (b32)). In particular 
embodiments, one of Formulas (IXa)-(IXd) is combined with 
a modified guanine (e.g., any one of formulas (b.15)-(b17) and 
(b37)-(b40)). In particular embodiments, one of Formulas 
(IXa)-(IXd) is combined with a modified adenine (e.g., any 
one of formulas (b18)-(b20) and (b41)-(b43)). 
0193 In other embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, has Formula (IXe)-(IXg): 

(LXe) 
y3 

y6 |-y 
Y. B 

BH * vy 

HG R2 
(IXf) 

y3 

y6 |-y 
Y B 

BH * vy O 

HG R2 

(IXg) 

y6 |-y 
5 

Y4 Vy * 

HG R2 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein B is as described herein (e.g., any one of (b1)-(b43)). 
In particular embodiments, one of Formulas (IXe)-(IXg) is 
combined with a modified uracil (e.g., any one of formulas 
(b1)-(b9), (b21)-(b23), and (b28)-(b31), such as formula (b1), 
(b8), (b28), (b29), or (b30)). In particular embodiments, one 
of Formulas (IXe)-(IXg) is combined with a modified 
cytosine (e.g., any one of formulas (b10)-(b 14), (b24), (b25), 
and (b32)-(b36), such as formula (b 10) or (b32)). In particular 
embodiments, one of Formulas (IXe)-(IXg) is combined with 
a modified guanine (e.g., any one of formulas (b.15)-(b17) and 
(b37)-(b40)). In particular embodiments, one of Formulas 
(IXe)-(IXg) is combined with a modified adenine (e.g., any 
one of formulas (b18)-(b20) and (b41)-(b43)). 
0194 In other embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, has Formula (IXh)-(IXk): 

Sep. 12, 2013 

(IXh) 
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or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein B is as described herein (e.g., any one of (b1)-(b43)). 
In particular embodiments, one of Formulas (IXh)-(IXk) is 
combined with a modified uracil (e.g., any one of formulas 
(b1)-(b9), (b21)-(b23), and (b28)-(b31), such as formula (b1), 
(b8), (b28), (b29), or (b30)). In particular embodiments, one 
of Formulas (IXh)-(IXk) is combined with a modified 
cytosine (e.g., any one of formulas (b 10)-(b 14), (b24), (b25), 
and (b32)-(b36), such as formula (b10) or (b32)). In particular 
embodiments, one of Formulas (IXh)-(IXk) is combined with 
a modified guanine (e.g., any one of formulas (b.15)-(b.17) and 
(b37)-(b40)). In particular embodiments, one of Formulas 
(IXh)-(IXk) is combined with a modified adenine (e.g., any 
one of formulas (b18)-(b20) and (b41)-(b43)). 
0.195. In other embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, has Formula (IX1)-(IXr): 
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(LXr) 

HO P-O 
B 

OH /. O 

HG OCH, 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein each r1 and r2 is, independently, an integer from 0 to 
5 (e.g., from 0 to 3, from 1 to 3, or from 1 to 5) and B is as 
described herein (e.g., any one of (b1)-(b43)). In particular 
embodiments, one of Formulas (IX1)-(IXr) is combined with 
a modified uracil (e.g., any one of formulas (b1)-(b9), (b21)- 
(b23), and (b28)-(b31), such as formula (b1), (b8), (b28), 
(b29), or (b30)). In particular embodiments, one of Formulas 
(IX1)-(IXr) is combined with a modified cytosine (e.g., any 
one of formulas (b10)-(b14), (b24), (b25), and (b32)-(b36), 
such as formula (b10) or (b32)). In particular embodiments, 
one of Formulas (IX1)-(IXr) is combined with a modified 
guanine (e.g., any one of formulas (b.15)-(b17) and (b37)- 
(b40)). In particular embodiments, one of Formulas (IX1)- 
(IXr) is combined with a modified adenine (e.g., any one of 
formulas (b18)-(b20) and (b41)-(b43)). 
0196. In some embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecules or mmRNA, can be selected from the group consisting 
of: 

(BB-1) 

YNH 
N n 

( als 
HO –o O N N NH2, 

OH 
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0197) In some embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, can be selected from the group consisting 
of: 

(BB-13) 

2n-1 
GE) 
N N 

( o e HO O O. N 

OH / 

HG oH 
(BB-14) 

HN 
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(BB-18) 

H 1N, N1-1o s 2 
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OH 
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-Q HO P-O N 
O, 

OH 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein each ris, independently, an integer from 0 to 5 (e.g., 
from 0 to 3, from 1 to 3, or from 1 to 5) and S1 is as described 
herein. 

0.198. In some embodiments, the building block molecule, 
which may be incorporated into a nucleic acid (e.g., RNA, 
mRNA, or mmRNA), is a modified uridine (e.g., selected 
from the group consisting of 

(BB-21) 
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-continued -continued 
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(BB-95) 

-continued 

(BB-90) 

-continued 

(BB-96) (BB-91) 

(BB-97) 

(BB-98) (BB-93) 

(BB-99) (BB-94) 
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O 

ins 
M Y6--P-Y S () O, 
Y4 * O 

HG 3. 

O 

3 ins 
y6 Ply N 
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Y4 * O 
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O 

3 ins 
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(2) O, 
Y4 * O 
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Y4 * O 

CH3 
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3 ins 
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(2) O, 
Y4 * O 
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(BB-119) (BB-124) 
O 

3 HN l NH 

y6 Ply N 
(2) O, and 

Y4 * O 

Hyd e 

HG OH 
(BB-120) (BB-125) 

y6 

(BB-121) (2) indicates text missing or illegible when filed 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein Y', Y, Y, Y, and rare as described herein (e.g., 
each ris, independently, an integer from 0 to 5. Such as from 
0 to 3, from 1 to 3, or from 1 to 5)). 
0199. In some embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, is a modified cytidine (e.g., selected from 
the group consisting of 

(BB-122) 

(BB-126) 
NH2 

y6 

(BB-123) 

(BB-127) 

y6 
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(BB-133) 

-continued 

(BB-128) 

-continued 

(BB-129) 
(BB-134) 

(BB-130) 

(BB-135) 

(BB-131) 

(BB-136) 

(BB-132) 

(BB-137) 
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(BB-143) 

-continued 

(BB-138) 

-continued 

AcO 

(BB-144) 

(BB-139) 

(BB-145) 

(BB-146) 
(BB-141) 

(BB-142) 
(BB-147) 
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(BB-158) 

NH 

COFmoc 

y6 ~s NHFmoc, and 

(BB-159) 

(2) indicates text missing or illegible when filed 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein Y', Y, Y, Y, and rare as described herein (e.g., 
each ris, independently, an integer from 0 to 5. Such as from 
0 to 3, from 1 to 3, or from 1 to 5)). For example, the building 
block molecule, which may be incorporated into a modified 
nucleic acid molecule or mmRNA, can be: 

(BB-160) 

HO 

(BB-161) 

HO 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein each ris, independently, an integer from 0 to 5 (e.g., 
from 0 to 3, from 1 to 3, or from 1 to 5). 
0200. In some embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, is a modified adenosine (e.g., selected 
from the group consisting of 

Sep. 12, 2013 

(BB-162) 
NH2 

y6 

HG OH 

(BB-163) 
NH2 

y6 

(BB-164) 
NH 

y6 

(BB-165) 
NH2 

y6 

(BB-166) 
NH2 

y6 
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(BB-167) 

(BB-168) 

(BB-169) 

(BB-170) 

(BB-171) 
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(BB-172) 

s 

(BB-173) 

s 

(BB-174) 

y6 

(BB-175) 

y6 

(BB-176) 

y6 
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(BB-177) 

OH, 

(BB-178) 

OH, 

(BB-179) 

OH, 

(BB-180) 

-continued 
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(BB-181) 

(BB-182) 

(BB-183) 

(BB-184) 

(BB-185) 
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(BB-196) 

(BB-197) 

(BB-198) 

(BB-199) 

and 

(BB-200) 

in 1-non-n NH2 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein Y', Y, Y, Y, and rare as described herein (e.g., 
each ris, independently, an integer from 0 to 5. Such as from 
0 to 3, from 1 to 3, or from 1 to 5)). 

Sep. 12, 2013 

0201 In some embodiments, the building block molecule, 
which may be incorporated into a modified nucleic acid mol 
ecule or mmRNA, is a modified guanosine (e.g., selected 
from the group consisting of 

(BB-201) 
O 

y6 

(BB-202) 
O 

y6 

(BB-203) 
O 

y6 

(BB-204) 
O 

NH 

y6 
2 

N NH2, 

(BB-205) 
O 

NH 

y6 
2 
N NH2, 

  

  

  

  

  

  

  





US 2013/0237592 A1 Sep. 12, 2013 
45 
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(BB-216) (BB-221) 

y6 
y6 

(BB-217) (BB-222) 

y6 

y6 

(BB-218) (BB-223) 
O O 

y6 

(BB-219) (BB-224) 
O O 

y6 

(BB-225) 

(BB-220) 
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-continued 

(BB-236) 

O 

y6 

and 

(BB-237) 

y6 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein Y', Y, Y, Y, and rare as described herein (e.g., 
each ris, independently, an integer from 0 to 5. Such as from 
0 to 3, from 1 to 3, or from 1 to 5)). 
0202. In some embodiments, the chemical modification 
can include replacement of C group at C-5 of the ring (e.g., for 
a pyrimidine nucleoside. Such as cytosine or uracil) with N 
(e.g., replacement of the >CH group at C-5 with >NR' 
group, wherein R^1 is Hor optionally substituted alkyl). For 
example, the mmRNA molecule, which may be incorporated 
into a modified nucleic acid molecule or mmRNA, can be: 

(BB-238) 
O 

ins 
HO-HP-O 

N O or 
OH /. O 

HG OH 
(BB-239) 

HO 
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-continued 

(BB-240) 
O 

(BB-241) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein each ris, independently, an integer from 0 to 5 (e.g., 
from 0 to 3, from 1 to 3, or from 1 to 5). 
0203. In another embodiment, the chemical modification 
can include replacement of the hydrogen at C-5 of cytosine 
with halo (e.g., Br, Cl, F, or I) or optionally substituted alkyl 
(e.g., methyl). For example, the mmRNA molecule, which 
may be incorporated into a modified nucleic acid or mmRNA, 
can be: 

(BB-242) 

(BB-243) 
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(BB-244) 

HO 

(BB-245) 
NHAC 

AcO NN 

O -N 
N O, 

HO –o 
OH /. O 

HG OH 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein each ris, independently, an integer from 0 to 5 (e.g., 
from 0 to 3, from 1 to 3, or from 1 to 5). 
0204. In yet a further embodiment, the chemical modifi 
cation can include a fused ring that is formed by the NH at the 
C-4 position and the carbon atom at the C-5 position. For 
example, the building block molecule, which may be incor 
porated into a modified nucleic acid molecule or mmRNA, 
can be: 

(BB-246) 

HO 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein each ris, independently, an integer from 0 to 5 (e.g., 
from 0 to 3, from 1 to 3, or from 1 to 5). 

Modifications on the Sugar 

0205 The modified nucleosides and nucleotides (e.g., 
building block molecules), which may be incorporated into a 
modified nucleic acid or mmRNA (e.g., RNA or mRNA, as 
described herein), can be modified on the sugar of the ribo 
nucleic acid. For example, the 2 hydroxyl group (OH) can be 
modified or replaced with a number of different substituents. 
Exemplary substitutions at the 2'-position include, but are not 
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limited to, H., halo, optionally Substituted C. alkyl: option 
ally substituted C. alkoxy; optionally Substituted Coary 
loxy; optionally Substituted Cls cycloalkyl, optionally Sub 
stituted Cls cycloalkoxy; optionally substituted Co 
aryloxy, optionally Substituted Co aryl-C alkoxy, 
optionally substituted C (heterocyclyl)oxy; a Sugar (e.g., 
ribose, pentose, or any described herein); a polyethylenegly 
col (PEG), O(CHCHO), CHCHOR, where R is H or 
optionally substituted alkyl, and n is an integer from 0 to 20 
(e.g., from 0 to 4, from 0 to 8, from 0 to 10, from 0 to 16, from 
1 to 4, from 1 to 8, from 1 to 10, from 1 to 16, from 1 to 20, 
from 2 to 4, from 2 to 8, from 2 to 10, from 2 to 16, from 2 to 
20, from 4 to 8, from 4 to 10, from 4 to 16, and from 4 to 20): 
“locked nucleic acids (LNA) in which the 2'-hydroxyl is 
connected by a C- alkylene or Cheteroalkylene bridge to 
the 4-carbon of the same ribose Sugar, where exemplary 
bridges included methylene, propylene, ether, or amino 
bridges; aminoalkyl, as defined herein; aminoalkoxy, as 
defined herein; amino as defined herein; and amino acid, as 
defined herein. 
0206 Generally, RNA includes the sugar group ribose, 
which is a 5-membered ring having an oxygen. Exemplary, 
non-limiting modified nucleotides include replacement of the 
oxygen in ribose (e.g., with S. Se, or alkylene, Such as meth 
ylene or ethylene); addition of a double bond (e.g., to replace 
ribose with cyclopentenyl or cyclohexenyl); ring contraction 
of ribose (e.g., to form a 4-membered ring of cyclobutane or 
oxetane); ring expansion of ribose (e.g., to form a 6- or 
7-membered ring having an additional carbon or heteroatom, 
Such as for anhydrohexitol, altritol, mannitol, cyclohexanyl. 
cyclohexenyl, and morpholino that also has a phosphorami 
date backbone); multicyclic forms (e.g., tricyclo; and 
“unlocked forms, such as glycol nucleic acid (GNA) (e.g., 
R-GNA or S-GNA, where ribose is replaced by glycol units 
attached to phosphodiester bonds), threose nucleic acid 
(TNA, where ribose is replace with C-L-threofuranosyl 
(3'->2)), and peptide nucleic acid (PNA, where 2-amino 
ethyl-glycine linkages replace the ribose and phosphodiester 
backbone). The Sugar group can also contain one or more 
carbons that possess the opposite Stereochemical configura 
tion than that of the corresponding carbon in ribose. Thus, a 
modified nucleic acid molecule or mmRNA can include 
nucleotides containing, e.g., arabinose, as the Sugar. 

Modifications on the Nucleobase 

0207. The present disclosure provides for modified 
nucleosides and nucleotides. As described herein “nucleo 
side' is defined as a compound containing a Sugar molecule 
(e.g., a pentose or ribose) or a derivative thereof in combina 
tion with an organic base (e.g., a purine or pyrimidine) or a 
derivative thereof. As described herein, “nucleotide' is 
defined as a nucleoside including a phosphate group. The 
modified nucleotides (e.g., modified mRNA) may by synthe 
sized by any useful method, as described herein (e.g., chemi 
cally, enzymatically, or recombinantly to include one or more 
modified or non-natural nucleosides). 
0208. The modified nucleotide base pairing encompasses 
not only the standard adenosine-thymine, adenosine-uracil, 
or guanosine-cytosine base pairs, but also base pairs formed 
between nucleotides and/or modified nucleotides comprising 
non-standard or modified bases, wherein the arrangement of 
hydrogen bond donors and hydrogen bond acceptors permits 
hydrogen bonding between a non-standard base and a stan 
dard base or between two complementary non-standard base 
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structures. One example of such non-standard base pairing is 
the base pairing between the modified nucleotide inosine and 
adenine, cytosine or uracil. 
0209. The modified nucleosides and nucleotides can 
include a modified nucleobase. Examples of nucleobases 
found in RNA include, but are not limited to, adenine, gua 
nine, cytosine, and uracil. Examples of nucleobase found in 
DNA include, but are not limited to, adenine, guanine, 
cytosine, and thymine. These nucleobases can be modified or 
wholly replaced to provide modified nucleic acids or 
mmRNA molecules having enhanced properties, e.g., resis 
tance to nucleases through disruption of the binding of a 
major groove binding partner. Table 1 below identifies the 
chemical faces of each canonical nucleotide. Circles identify 
the atoms comprising the respective chemical regions. 
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0210. In some embodiments, B is a modified uracil. Exem 
plary modified uracils include those having Formula (b1)- 
(b5): 

(b1) 

TABLE 1. 

Major Groove 
Face 

Pyrim- Cyti 
idines dine: 

Uri 
dine: 

Pu- Aden 
rines osine: 

Gua 
nosine: 

Watson-Crick 
Minor Groove Base-pairing 

Face Face 

OH OH 
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-continued 

R12c (b2) 

R12a, 

R11 O 

R12c (b3) 

RQ 

r 
R11 -se 

R12c (b4) 

RQ s ls NN O, or 

O (b5) 

RQ R12c s ls NN O, 

-- 
or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 
0211 SS is a single or double bond; 
0212 each of T, T'", T', and T’" is, independently, H, 
optionally Substituted alkyl, optionally Substituted alkoxy, or 
optionally substituted thioalkoxy, or the combination of T" 
and T" or the combination of T and T join together (e.g., 
as in T) to form O (oxo), S (thio), or Se (seleno); 
0213 each of V and V is, independently, O, S, N(R'), 
or C(R'), wherein nv is an integer from 0 to 2 and each R' 
is, independently, H., halo, optionally Substituted amino acid, 
optionally substituted alkyl, optionally substituted haloalkyl, 
optionally substituted alkenyl, optionally Substituted alkynyl, 
optionally substituted alkoxy, optionally Substituted alkeny 
loxy, optionally Substituted alkynyloxy, optionally Substi 
tuted hydroxyalkyl, optionally substituted hydroxyalkenyl, 
optionally substituted hydroxyalkynyl, optionally substituted 
aminoalkyl (e.g., Substituted with an N-protecting group, 
Such as any described herein, e.g., trifluoroacetyl), optionally 
Substituted aminoalkenyl, optionally Substituted aminoalky 
nyl, optionally Substituted acylaminoalkyl (e.g., Substituted 
with an N-protecting group, such as any described herein, 
e.g., trifluoroacetyl), optionally Substituted alkoxycarbonyla 
lkyl, optionally Substituted alkoxycarbonylalkenyl, option 
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ally substituted alkoxycarbonylalkynyl, or optionally substi 
tuted alkoxycarbonylalkoxy (e.g., optionally Substituted with 
any substituent described herein, such as those selected from 
(1)-(21) for alkyl); 
10214) R' is H, halo, optionally substituted amino acid, 
hydroxy, optionally substituted alkyl, optionally substituted 
alkenyl, optionally Substituted alkynyl, optionally Substituted 
aminoalkyl, optionally substituted hydroxyalkyl, optionally 
substituted hydroxyalkenyl, optionally substituted hydroxy 
alkynyl, optionally Substituted aminoalkenyl, optionally Sub 
stituted aminoalkynyl, optionally Substituted alkoxy, option 
ally substituted alkoxycarbonylalkyl, optionally substituted 
alkoxycarbonylalkenyl, optionally Substituted alkoxycarbo 
nylalkynyl, optionally Substituted alkoxycarbonylalkoxy, 
optionally substituted carboxyalkoxy, optionally substituted 
carboxyalkyl, or optionally substituted carbamoylalkyl; 

0215 
(0216) R' is H, optionally substituted alkyl, optionally 
substituted hydroxyalkyl, optionally substituted hydroxyalk 
enyl, optionally Substituted hydroxyalkynyl, optionally Sub 
stituted aminoalkyl, optionally Substituted aminoalkenyl, or 
optionally Substituted aminoalkynyl, optionally Substituted 
carboxyalkyl (e.g., optionally Substituted with hydroxy), 
optionally substituted carboxyalkoxy, optionally substituted 
carboxyaminoalkyl, or optionally Substituted carbamoyla 
lkyl; and 
(0217 R'' is H, halo, optionally substituted alkyl, option 
ally substituted alkoxy, optionally substituted thioalkoxy, 
optionally Substituted amino, optionally Substituted hydroxy 
alkyl, optionally Substituted hydroxyalkenyl, optionally Sub 
stituted hydroxyalkynyl, optionally Substituted aminoalkyl, 
optionally Substituted aminoalkenyl, or optionally Substi 
tuted aminoalkynyl. 

0218. Other exemplary modified uracils include those 
having Formula (b6)-(b9): 

R'' is H or optionally substituted alkyl: 

(b6) 
R12c 

1. R12a SS1 v3 SN 

W 
Y w? T2" 

-- T2' 
(b7) 

R12c 

1. R12a SS1 v3 is N 

W 
Y w? T2 

-- 
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-continued 
(b8) 

T1' T1" 

R2 R12a 
NN N1 

N g 
syT2", or 

(b.9) 
R12c 

R12 
N1SN 

T2" 

T2' 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

0219) is a single or double bond; 
0220 each of T, T", T, and T’" is, independently, H, 
optionally Substituted alkyl, optionally Substituted alkoxy, or 
optionally substituted thioalkoxy, or the combination of T' 
and T'join together (e.g., as in T") or the combination of T 
and Tjoin together (e.g., as in T) to form O (oxo), S (thio), 
or Se (seleno), or each T' and T is, independently, O(oxo), S 
(thio), or Se (seleno); 
0221 each of W' and W' is, independently, N(R'), or 
C(R'), wherein nw is an integer from 0 to 2 and each R' 
is, independently, H., optionally substituted alkyl, or option 
ally substituted alkoxy; 
0222 each V is, independently, O, S, N(R*), or C(R) 

wherein nv is an integer from 0 to 2 and each R' is, 
independently, H., halo, optionally Substituted amino acid, 
optionally substituted alkyl, optionally substituted hydroxy 
alkyl, optionally substituted hydroxyalkenyl, optionally Sub 
stituted hydroxyalkynyl, optionally Substituted alkenyl, 
optionally substituted alkynyl, optionally substituted hetero 
cyclyl, optionally Substituted alkheterocyclyl, optionally Sub 
stituted alkoxy, optionally Substituted alkenyloxy, or option 
ally substituted alkynyloxy, optionally substituted 
aminoalkyl (e.g., Substituted with an N-protecting group, 
Such as any described herein, e.g., trifluoroacetyl, or Sul 
foalkyl), optionally Substituted aminoalkenyl, optionally Sub 
stituted aminoalkynyl, optionally substituted acylaminoalkyl 
(e.g., Substituted with an N-protecting group. Such as any 
described herein, e.g., trifluoroacetyl), optionally Substituted 
alkoxycarbonylalkyl, optionally Substituted alkoxycarbony 
lalkenyl, optionally Substituted alkoxycarbonylalkynyl, 
optionally substituted alkoxycarbonylacyl, optionally Substi 
tuted alkoxycarbonylalkoxy, optionally substituted carboxy 
alkyl (e.g., optionally substituted with hydroxy and/or an 
O-protecting group), optionally Substituted carboxyalkoxy, 
optionally Substituted carboxyaminoalkyl, or optionally Sub 
stituted carbamoylalkyl (e.g., optionally Substituted with any 
substituent described herein, such as those selected from (1)- 
(21) for alkyl), and wherein R* and R' taken together with 
the carbonatoms to which they are attached can form option 
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ally substituted cycloalkyl, optionally substituted aryl, or 
optionally substituted heterocyclyl (e.g., a 5- or 6-membered 
ring); 

0223 R'' is H, optionally substituted alkyl, optionally 
substituted hydroxyalkyl, optionally substituted hydroxyalk 
enyl, optionally Substituted hydroxyalkynyl, optionally Sub 
stituted aminoalkyl, optionally Substituted aminoalkenyl, 
optionally Substituted aminoalkynyl, optionally Substituted 
carboxyalkyl (e.g., optionally Substituted with hydroxy and/ 
or an O-protecting group), optionally Substituted carboxy 
alkoxy, optionally Substituted carboxyaminoalkyl, optionally 
substituted carbamoylalkyl, or absent; 
(0224) R' is H, optionally substituted alkyl, optionally 
Substituted alkenyl, optionally Substituted alkynyl, optionally 
substituted hydroxyalkyl, optionally substituted hydroxyalk 
enyl, optionally Substituted hydroxyalkynyl, optionally Sub 
stituted aminoalkyl, optionally Substituted aminoalkenyl, 
optionally Substituted aminoalkynyl, optionally Substituted 
alkaryl, optionally Substituted heterocyclyl, optionally Sub 
stituted alkheterocyclyl, optionally Substituted amino acid, 
optionally substituted alkoxycarbonylacyl, optionally Substi 
tuted alkoxycarbonylalkoxy, optionally Substituted alkoxy 
carbonylalkyl, optionally Substituted alkoxycarbonylalkenyl, 
optionally Substituted alkoxycarbonylalkynyl, optionally 
Substituted alkoxycarbonylalkoxy, optionally substituted car 
boxyalkyl (e.g., optionally substituted with hydroxy and/or 
an O-protecting group), optionally substituted carboxy 
alkoxy, optionally Substituted carboxyaminoalkyl, or option 
ally substituted carbamoylalkyl, 
0225 wherein the combination of R'' and T' or the com 
bination of R'' and R' can join together to form optionally 
substituted heterocyclyl; and 
10226) R' is H, halo, optionally substituted alkyl, option 
ally substituted alkoxy, optionally substituted thioalkoxy, 
optionally substituted amino, optionally Substituted ami 
noalkyl, optionally Substituted aminoalkenyl, or optionally 
Substituted aminoalkynyl. 
0227 Further exemplary modified uracils include those 
having Formula (b28)-(b31): 

(b28) 

(b29) 
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(b30) 

Tl 

2 l2a 

as-s-s , or 

N T2 

(b31) 
Tl 

vi, l2a 
R -R s 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 
0228 each of T and T is, independently, O (oxo), S 
(thio), or Se (seleno); 
0229 each R'' and R'' is, independently, H, halo, 
optionally Substituted amino acid, optionally Substituted 
alkyl, optionally substituted haloalkyl, optionally substituted 
hydroxyalkyl, optionally substituted hydroxyalkenyl, option 
ally substituted hydroxyalkynyl, optionally substituted alk 
enyl, optionally Substituted alkynyl, optionally Substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted aminoalkyl (e.g., 
Substituted with an N-protecting group, Such as any described 
herein, e.g., trifluoroacetyl, or Sulfoalkyl), optionally Substi 
tuted aminoalkenyl, optionally Substituted aminoalkynyl, 
optionally Substituted acylaminoalkyl (e.g., Substituted with 
an N-protecting group. Such as any described herein, e.g., 
trifluoroacetyl), optionally substituted alkoxycarbonylalkyl, 
optionally Substituted alkoxycarbonylalkenyl, optionally 
substituted alkoxycarbonylalkynyl, optionally substituted 
alkoxycarbonylacyl, optionally substituted alkoxycarbonyla 
lkoxy, optionally Substituted carboxyalkyl (e.g., optionally 
Substituted with hydroxy and/or an O-protecting group), 
optionally substituted carboxyalkoxy, optionally substituted 
carboxyaminoalkyl, or optionally substituted carbamoylalkyl 
(e.g., optionally Substituted with any Substituent described 
herein, Such as those selected from (1)-(21) for alkyl)(e.g., 
R’ is optionally substituted alkyl, optionally substituted 
alkenyl, or optionally Substituted aminoalkyl, e.g., Substi 
tuted with an N-protecting group, such as any described 
herein, e.g., trifluoroacetyl, or Sulfoalkyl); 
0230) R' is H, optionally substituted alkyl, optionally 
Substituted carboxyaminoalkyl, optionally Substituted ami 
noalkyl (e.g., e.g., Substituted with an N-protecting group, 
Such as any described herein, e.g., trifluoroacetyl, or Sul 
foalkyl), optionally Substituted aminoalkenyl, or optionally 
Substituted aminoalkynyl; and 
0231) R' is H, optionally substituted alkyl, optionally 
Substituted alkenyl, optionally Substituted alkynyl, optionally 
substituted hydroxyalkyl, optionally substituted hydroxyalk 
enyl, optionally Substituted hydroxyalkynyl, optionally Sub 
stituted aminoalkyl, optionally Substituted aminoalkenyl, 
optionally Substituted aminoalkynyl (e.g., e.g., Substituted 
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with an N-protecting group, such as any described herein, 
e.g., trifluoroacetyl, or Sulfoalkyl). 
0232 optionally substituted alkoxycarbonylacyl, option 
ally substituted alkoxycarbonylalkoxy, optionally substituted 
alkoxycarbonylalkyl, optionally Substituted alkoxycarbony 
lalkenyl, optionally Substituted alkoxycarbonylalkynyl, 
optionally Substituted alkoxycarbonylalkoxy, optionally Sub 
stituted carboxyalkoxy, optionally Substituted carboxyalkyl, 
or optionally substituted carbamoylalkyl. 
0233. In particular embodiments, T' is O(oxo), and T is S 
(thio) or Se (seleno). In other embodiments, T is S (thio), and 
T is O(oxo) or Se (seleno). In some embodiments, R' is H. 
optionally substituted alkyl, or optionally substituted alkoxy. 
0234. In other embodiments, each R'' and R'' is, inde 
pendently, H., optionally Substituted alkyl, optionally Substi 
tuted alkenyl, optionally Substituted alkynyl, or optionally 
substituted hydroxyalkyl. In particular embodiments, R'' is 
H. In other embodiments, both R* and R'' are H. 
0235. In some embodiments, each R' of R'' is, inde 
pendently, optionally Substituted aminoalkyl (e.g., Substi 
tuted with an N-protecting group, such as any described 
herein, e.g., trifluoroacetyl, or Sulfoalkyl), optionally Substi 
tuted aminoalkenyl, optionally Substituted aminoalkynyl, or 
optionally Substituted acylaminoalkyl (e.g., Substituted with 
an N-protecting group. Such as any described herein, e.g., 
trifluoroacetyl). In some embodiments, the amino and/or 
alkyl of the optionally substituted aminoalkyl is substituted 
with one or more of optionally substituted alkyl, optionally 
substituted alkenyl, optionally substituted sulfoalkyl, option 
ally substituted carboxy (e.g., substituted with an O-protect 
ing group), optionally Substituted hydroxy (e.g., Substituted 
with an O-protecting group), optionally Substituted carboxy 
alkyl (e.g., Substituted with an O-protecting group), option 
ally substituted alkoxycarbonylalkyl (e.g., substituted with an 
O-protecting group), or N-protecting group. In some embodi 
ments, optionally substituted aminoalkyl is substituted with 
an optionally substituted sulfoalkyl or optionally substituted 
alkenyl. In particular embodiments, R'' and R'' are both H. 
In particular embodiments, T is O(oxo), and T is S (thio) or 
Se (seleno). 
(0236. In some embodiments, R'is optionally substituted 
alkoxycarbonylalkyl or optionally Substituted carbamoyla 
lkyl. 
0237. In particular embodiments, the optional substituent 
for R', R', R', or R' is a polyethylene glycol group 
(e.g., -(CH2)(OCH2CH2)(CH)OR', wherein S1 is an 
integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of 
S2 and S3, independently, is an integer from 0 to 10 (e.g., from 
0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), 
and R is H or Co alkyl); or an amino-polyethylene glycol 
group (e.g., NRY' (CH)(CHCHO) (CH)NR', 
whereins 1 is an integer from 1 to 10 (e.g., from 1 to 6 or from 
1 to 4), each of S2 and S3, independently, is an integer from 0 
to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, 
or from 1 to 10), and each R' is, independently, hydrogen or 
optionally substituted C. alkyl). 
0238. In some embodiments, B is a modified cytosine. 
Exemplary modified cytosines include compounds (b 10)- 
(b14): 
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(b10) 
R3a R 135 

N1 
R3 

N vs 

R15 s 
-- T3' 

13 (b11) 
R 

14 I6 
R N -R 

R15 s 

(b12) 

(b13) 

(b14) 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 
0239 each of Tand T' is, independently, H, optionally 
Substituted alkyl, optionally Substituted alkoxy, or optionally 
substituted thioalkoxy, or the combination of Tand Tjoin 
together (e.g., as in T) to form O (oxo), S (thio), or Se 
(seleno); 
0240 each Vis, independently, O, S, N(R), or C(R) 

wherein nv is an integer from 0 to 2 and each R is, 
independently, H., halo, optionally Substituted amino acid, 
optionally substituted alkyl, optionally substituted alkenyl, 
optionally Substituted alkynyl, optionally Substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted het 
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erocyclyl, optionally Substituted alkheterocyclyl, or option 
ally Substituted alkynyloxy (e.g., optionally substituted with 
any substituent described herein, such as those selected from 
(1)-(21) for alkyl), wherein the combination of R'' and R' 
can be taken together to form optionally substituted hetero 
cyclyl, 

0241 each V is, independently, N(R), or C(R) 
wherein nv is an integer from 0 to 2 and each R' is, indepen 
dently, H., halo, optionally Substituted amino acid, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
Substituted alkynyl, optionally substituted alkoxy, optionally 
substituted alkenyloxy, optionally substituted heterocyclyl, 
optionally substituted alkheterocyclyl, or optionally substi 
tuted alkynyloxy (e.g., optionally Substituted with any Sub 
stituent described herein, such as those selected from (1)-(21) 
for alkyl)(e.g., V is —CH or N); 
(0242 each of R'' and R'' is, independently, H, option 
ally Substituted acyl, optionally Substituted acyloxyalkyl, 
optionally Substituted alkyl, or optionally Substituted alkoxy, 
wherein the combination of R'' and R' can be taken 
together to form optionally substituted heterocyclyl: 
10243 each R'' is, independently, H, halo, hydroxy, thiol, 
optionally substituted acyl, optionally Substitutedamino acid, 
optionally substituted alkyl, optionally substituted haloalkyl, 
optionally substituted alkenyl, optionally Substituted alkynyl, 
optionally substituted hydroxyalkyl (e.g., Substituted with an 
O-protecting group), optionally Substituted hydroxyalkenyl, 
optionally substituted hydroxyalkynyl, optionally substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted aminoalkoxy, 
optionally Substituted alkoxyalkoxy, optionally Substituted 
acyloxyalkyl, optionally substituted amino (e.g., -NHR, 
wherein R is H. alkyl, aryl, or phosphoryl), azido, optionally 
substituted aryl, optionally substituted heterocyclyl, option 
ally substituted alkheterocyclyl, optionally substituted ami 
noalkyl, optionally Substituted aminoalkenyl, or optionally 
Substituted aminoalkyl; and 
0244 each of RandR' is, independently, H., optionally 
substituted alkyl, optionally substituted alkenyl, or optionally 
substituted alkynyl. 
0245. Further exemplary modified cytosines include those 
having Formula (b32)-(b35): 

: 

13 13 (b32) 
R&G R 

N1 
R3 

NN 

R 15 1s. 
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-continued 
13 (b33) 

R 

14 I6 
R N -R", 

R15 1s, 

(b34) 
Tl 

rul NN N 

N R13a O N1 
R 135 

13 13 (b35) 
Rise R 13P, 

N1 
R3 

rs 
R15 N 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

0246 each of T and T is, independently, O (oxo), S 
(thio), or Se (seleno); 
0247 each of R'' and R' is, independently, H, option 
ally Substituted acyl, optionally Substituted acyloxyalkyl, 
optionally Substituted alkyl, or optionally Substituted alkoxy, 
wherein the combination of R'' and R' can be taken 
together to form optionally substituted heterocyclyl: 
0248 each R'' is, independently, H, halo, hydroxy, thiol, 
optionally Substituted acyl, optionally Substitutedamino acid, 
optionally substituted alkyl, optionally substituted haloalkyl, 
optionally substituted alkenyl, optionally Substituted alkynyl, 
optionally substituted hydroxyalkyl (e.g., Substituted with an 
O-protecting group), optionally Substituted hydroxyalkenyl, 
optionally substituted hydroxyalkynyl, optionally substituted 
alkoxy, optionally Substituted alkenyloxy, optionally Substi 
tuted alkynyloxy, optionally Substituted aminoalkoxy, 
optionally Substituted alkoxyalkoxy, optionally Substituted 
acyloxyalkyl, optionally substituted amino (e.g., -NHR, 
wherein R is H. alkyl, aryl, or phosphoryl), azido, optionally 
substituted aryl, optionally substituted heterocyclyl, option 
ally substituted alkheterocyclyl, optionally substituted ami 
noalkyl (e.g., hydroxyalkyl, alkyl, alkenyl, or alkynyl), 
optionally Substituted aminoalkenyl, or optionally Substi 
tuted aminoalkynyl; and 
0249 each of R'' and R' is, independently, H, optionally 
substituted alkyl, optionally substituted alkenyl, or optionally 
substituted alkynyl (e.g., R is H, and R' is H or optionally 
substituted alkyl). 
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(0250. In some embodiments, R' is H, and R' is H or 
optionally substituted alkyl. In particular embodiments, R'' 
is H, acyl, or hydroxyalkyl. In some embodiments, R'' is 
halo. In some embodiments, both R'' and Rare H. In some 
embodiments, both RandR'' are H. In some embodiments, 
each of R'' and R'' and R' is H. In further embodiments, 
each of R'' and R'' is independently, H or optionally sub 
stituted alkyl. 
0251 Further non-limiting examples of modified 
cytosines include compounds of Formula (b36): 

(b36) 
3. 

-' 
R13 

R 15 1. 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

10252 each R'' is, independently, H, optionally substi 
tuted acyl, optionally Substituted acyloxyalkyl, optionally 
substituted alkyl, or optionally substituted alkoxy, wherein 
the combination of R'' and R' can be taken together to 
form optionally substituted heterocyclyl: 
0253) each R'' and R'' is, independently, H, halo, 
hydroxy, thiol, optionally substituted acyl, optionally Substi 
tuted amino acid, optionally substituted alkyl, optionally Sub 
stituted haloalkyl, optionally substituted alkenyl, optionally 
substituted alkynyl, optionally substituted hydroxyalkyl 
(e.g., Substituted with an O-protecting group), optionally Sub 
stituted hydroxyalkenyl, optionally Substituted alkoxy, 
optionally substituted alkenyloxy, optionally substituted 
alkynyloxy, optionally Substituted aminoalkoxy, optionally 
Substituted alkoxyalkoxy, optionally Substituted acyloxy 
alkyl, optionally substituted amino (e.g., NHR, wherein R 
is H. alkyl, aryl, phosphoryl, optionally substituted ami 
noalkyl, or optionally Substituted carboxyaminoalkyl), azido, 
optionally substituted aryl, optionally substituted heterocy 
clyl, optionally substituted alkheterocyclyl, optionally sub 
stituted aminoalkyl, optionally Substituted aminoalkenyl, or 
optionally substituted aminoalkynyl; and 
0254 each of R' is, independently, H., optionally substi 
tuted alkyl, optionally substituted alkenyl, or optionally sub 
stituted alkynyl. 
(0255. In particular embodiments, R'' is an optionally 
Substituted amino acid (e.g., optionally Substituted lysine). In 
some embodiments, R'' is H. 
0256 In some embodiments, B is a modified guanine. 
Exemplary modified guanines include compounds of For 
mula (b15)-(b.17): 
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(b.15) 

(b16) 
T5 T5" R23 

N 
N 

R-( DS-r O S. 
N N N 

(b17) 
T5 T5 

18 
N -R 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

0257 each of T', T", T, T", T', and T" is indepen 
dently, H., optionally substituted alkyl, or optionally substi 
tuted alkoxy, and wherein the combination of T and T' 
(e.g., as in T) or the combination ofT and T" (e.g., as in T) 
or the combination of T and Tjoin together (e.g., as in T) 
form O (oxo), S (thio), or Se (seleno); 
0258 each of V and Vis, independently, O, S, N(R'), 
or C(R), wherein nv is an integer from 0 to 2 and each R' 
is, independently, H., halo, thiol, optionally Substituted amino 
acid, cyano, amidine, optionally Substituted aminoalkyl, 
optionally Substituted aminoalkenyl, optionally Substituted 
aminoalkynyl, optionally Substituted alkyl, optionally Substi 
tuted alkenyl, optionally substituted alkynyl, optionally Sub 
stituted alkoxy, optionally Substituted alkenyloxy, optionally 
Substituted alkynyloxy (e.g., optionally substituted with any 
substituent described herein, such as those selected from (1)- 
(21) for alkyl), optionally substituted thioalkoxy, or option 
ally Substituted amino; and 
0259 each of R7, R, R', R', R, R2, R2, and R' 

is, independently, H., halo, thiol, optionally substituted alkyl, 
optionally substituted alkenyl, optionally Substituted alkynyl, 
optionally substituted thioalkoxy, optionally substituted 
amino, or optionally Substituted amino acid. 

Sep. 12, 2013 

0260 Exemplary modified guanosines include com 
pounds of Formula (b37)-(b40): 

(b37) 
T4 

R18 N 

(1) als R19a, N N 

(b38) 
T4 

N 

(1. als R19a, 
N N r 

(b39) 
T4 

R18 
/ N1 

N es-" O 

(b40) 
T4 

R18 N 

( N1 R21 
2 R19a 

N Y s 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

0261 each of T' is, independently, H., optionally substi 
tuted alkyl, or optionally substituted alkoxy, and each T is, 
independently, O (oxo), S (thio), or Se (seleno); 
0262 each of R. R', R', and R is, independently, H, 
halo, thiol, optionally substituted alkyl, optionally substituted 
alkenyl, optionally Substituted alkynyl, optionally Substituted 
thioalkoxy, optionally Substituted amino, or optionally Sub 
stituted amino acid. 

10263. In some embodiments, R' is H or optionally sub 
stituted alkyl. In further embodiments, T is oxo. In some 
embodiments, each of R'' and R' is, independently, Hor 
optionally substituted alkyl. 
0264. In some embodiments, B is a modified adenine. 
Exemplary modified adenines include compounds of For 
mula (b18)-(b20): 
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(b18) 
R2& R265 
NN1 

V yS1SN 
{ull N 4. R27, 

(b19) 
R265 

28 V R 

:-( N1 R els 2 
N N R27, or 

(b2O) 
R29 

V yS1SN 
{ll N 4. R27 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 

0265 each V7 is, independently, O, S, N(R'), or C(R) 
wherein nv is an integer from 0 to 2 and each R" is, 

independently, H., halo, optionally Substituted amino acid, 
optionally substituted alkyl, optionally substituted alkenyl, 
optionally Substituted alkynyl, optionally Substituted alkoxy, 
optionally substituted alkenyloxy, or optionally substituted 
alkynyloxy (e.g., optionally Substituted with any Substituent 
described herein, such as those selected from (1)-(21) for 
alkyl); 
0266 each Ris, independently, H, halo, thiol, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
substituted alkynyl, optionally substituted thioalkoxy, or 
optionally substituted amino; 
0267 each of R and R is, independently, H, option 
ally Substituted acyl, optionally Substituted amino acid, 
optionally substituted carbamoylalkyl, optionally substituted 
alkyl, optionally substituted alkenyl, optionally substituted 
alkynyl, optionally Substituted hydroxyalkyl, optionally Sub 
stituted hydroxyalkenyl, optionally substituted hydroxyalky 
nyl, optionally substituted alkoxy, or polyethylene glycol 
group (e.g., -(CH2)(OCH2CH2)(CH)OR', wherein S1 
is an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each 
of S2 and S3, independently, is an integer from 0 to 10 (e.g., 
from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 
10), and R' is H or Co alkyl); or an amino-polyethylene 
glycol group (e.g., -NR'(CH2)2(CH2CH2O), (CH2) 
NR', whereins 1 is an integer from 1 to 10 (e.g., from 1 to 

6 or from 1 to 4), each of S2 and S3, independently, is an 
integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 
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4, from 1 to 6, or from 1 to 10), and each R' is, indepen 
dently, hydrogen or optionally Substituted C. alkyl); 
10268 each Ris, independently, H, optionally substituted 
alkyl, optionally substituted alkenyl, optionally substituted 
alkynyl, optionally Substituted alkoxy, optionally Substituted 
thioalkoxy or optionally Substituted amino; 
10269 each Ris, independently, H, optionally substituted 
alkyl, optionally substituted alkenyl, or optionally substituted 
alkynyl; and 
(0270 each Ris, independently, H, optionally substituted 
acyl, optionally Substitutedamino acid, optionally Substituted 
carbamoylalkyl, optionally Substituted alkyl, optionally Sub 
stituted alkenyl, optionally substituted alkynyl, optionally 
substituted hydroxyalkyl, optionally substituted hydroxyalk 
enyl, optionally substituted alkoxy, or optionally Substituted 
amino. Exemplary modified adenines include compounds of 
Formula (b41)-(b43): 

(b41) 
R2& R265 

N1 

N n N 

{ll N % R27, 

26 26 (b42) 
R2 R40, or N1 

N n 

R25 ( 
2 

-- N 
26 26 (b43) 

R2 R40, N1 

N n N 

{l N 2 

or a pharmaceutically acceptable salt or stereoisomer thereof, 
wherein 
(0271 each Ris, independently, H, halo, thiol, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
substituted alkynyl, optionally substituted thioalkoxy, or 
optionally substituted amino; 
(0272 each of R* and R' is, independently, H, option 
ally Substituted acyl, optionally Substituted amino acid, 
optionally substituted carbamoylalkyl, optionally substituted 
alkyl, optionally substituted alkenyl, optionally substituted 
alkynyl, optionally Substituted hydroxyalkyl, optionally Sub 
stituted hydroxyalkenyl, optionally substituted hydroxyalky 
nyl, optionally substituted alkoxy, or polyethylene glycol 
group (e.g., -(CH2)(OCH2CH2)(CH)OR', wherein S1 
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is an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each 
of S2 and S3, independently, is an integer from 0 to 10 (e.g., 
from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 
10), and R' is H or Co alkyl); or an amino-polyethylene 
glycol group (e.g., -NR'(CH2)2(CH2CH2O), (CH2) 
NR', whereins 1 is an integer from 1 to 10 (e.g., from 1 to 

6 or from 1 to 4), each of S2 and S3, independently, is an 
integer from 0 to 10 (e.g., from 0 to 4, from 0 to 6, from 1 to 
4, from 1 to 6, or from 1 to 10), and each R' is, indepen 
dently, hydrogen or optionally Substituted C. alkyl); and 
(0273 each Ris, independently, H, optionally substituted 
alkyl, optionally substituted alkenyl, optionally substituted 
alkynyl, optionally Substituted alkoxy, optionally Substituted 
thioalkoxy, or optionally Substituted amino. 
(0274) In some embodiments, R is H, and Ris 9ption 
ally substituted alkyl. In some embodiments, each of R'' and 
R” is, independently, optionally substituted alkyl. In par 
ticular embodiments, R is optionally substituted alkyl, 
optionally substituted alkoxy, or optionally substituted thio 
alkoxy. In other embodiments, R is optionally substituted 
alkyl, optionally substituted alkoxy, or optionally Substituted 
thioalkoxy. 
0275. In particular embodiments, the optional substituent 
for R', R', or R’ is a polyethylene glycol group (e.g., 
—(CH2)(OCH2CH2)(CH)OR', wherein S1 is an integer 
from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), each of s2 and 
S3, independently, is an integer from 0 to 10 (e.g., from 0 to 4. 
from 0 to 6, from 1 to 4, from 1 to 6, or from 1 to 10), and R' 
is H or Coalkyl); or an amino-polyethylene glycol group 
(e.g., NR' (CH2)(CH2CH2O), (CH2)NR', wherein 
S1 is an integer from 1 to 10 (e.g., from 1 to 6 or from 1 to 4), 
each of S2 and s3, independently, is an integer from 0 to 10 
(e.g., from 0 to 4, from 0 to 6, from 1 to 4, from 1 to 6, or from 
1 to 10), and each R' is, independently, hydrogen or option 
ally substituted C. alkyl). 
0276. In some embodiments, B may have Formula (b21): 

(b21) 

A. R12a, 
N N1 

S 

wherein X" is, independently, O, S, optionally substituted 
alkylene (e.g., methylene), or optionally Substituted het 
eroalkylene, Xa is an integer from 0 to 3, and R'' and T are 
as described herein. 
0277. In some embodiments, B may have Formula (b22): 

(b22) 
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wherein R" is, independently, optionally substituted alkyl, 
optionally substituted alkenyl, optionally Substituted alkynyl, 
optionally substituted aryl, optionally substituted heterocy 
clyl, optionally substituted aminoalkyl, optionally Substi 
tuted aminoalkenyl, optionally Substituted aminoalkynyl, 
optionally substituted alkoxy, optionally Substituted alkoxy 
carbonylalkyl, optionally Substituted alkoxycarbonylalkenyl, 
optionally Substituted alkoxycarbonylalkynyl, optionally 
Substituted alkoxycarbonylalkoxy, optionally substituted car 
boxyalkoxy, optionally substituted carboxyalkyl, or option 
ally substituted carbamoylalkyl, and R', R', T', and T are 
as described herein. 

0278. In some embodiments, B may have Formula (b23): 

(b23) 
Tl 

RQ R12a, 

r 
R11 1s T2 

wherein R' is optionally substituted heterocyclyl (e.g., 
optionally substituted furyl, optionally substituted thienyl, or 
optionally substituted pyrrolyl), optionally substituted aryl 
(e.g., optionally Substituted phenyl or optionally Substituted 
naphthyl), or any substituent described herein (e.g., for R'); 
and wherein R'' (e.g., Horany substituent described herein), 
R'" (e.g., H or any substituent described herein), T (e.g., 
OXO or any substituent described herein), and T (e.g., OXO or 
any substituent described herein) are as described herein. 
0279. In some embodiments, B may have Formula (b24): 

(b24) 
13a 13i 
"N1 

Rl 
YN NN 

R15 - T3, 

-- 
wherein R'' is, independently, optionally substituted alkyl, 
optionally substituted alkenyl, optionally Substituted alkynyl, 
optionally substituted aryl, optionally substituted heterocy 
clyl, optionally substituted alkaryl, optionally substituted 
alkheterocyclyl, optionally Substituted aminoalkyl, option 
ally Substituted aminoalkenyl, optionally Substituted ami 
noalkynyl, optionally substituted alkoxy, optionally Substi 
tuted alkoxycarbonylalkyl, optionally substituted 
alkoxycarbonylalkenyl, optionally Substituted alkoxycarbo 
nylalkynyl, optionally Substituted alkoxycarbonylalkoxy, 
optionally substituted carboxyalkoxy, optionally substituted 
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carboxyalkyl, or optionally substituted carbamoylalkyl, and 
R'', R', R', and T are as described herein. 
0280. In some embodiments, B may have Formula (b25): 

(b25) 
13a 13i 

O NN1 

R4'1NN NN 

R15 N T3, 

wherein R'' is optionally substituted heterocyclyl (e.g., 
optionally substituted furyl, optionally substituted thienyl, or 
optionally substituted pyrrolyl), optionally substituted aryl 
(e.g., optionally Substituted phenyl or optionally Substituted 
naphthyl), or any substituent described herein (e.g., for R' or 
R''); and wherein R'' (e.g., H or any substituent described 
herein), R' (e.g., Horany substituent described herein), R' 
(e.g., Horany substituent described herein), and T (e.g., oxo 
or any substituent described herein) are as described herein. 
0281. In some embodiments, B is a nucleobase selected 
from the group consisting of cytosine, guanine, adenine, and 
uracil. In some embodiments, B may be: 

(b26) 

N’s 
c O 

(b27) 
NH2 

C). 
N sell-O 

{ 

0282. In some embodiments, the modified nucleobase is a 
modified uracil. Exemplary nucleobases and nucleosides 
having a modified uracil include pseudouridine (), pyridin 
4-one ribonucleoside, 5-aza-uridine, 6-aza-uridine, 2-thio-5- 
aza-uridine, 2-thio-uridine (su), 4-thio-uridine (s"U), 
4-thio-pseudouridine, 2-thio-pseudouridine, 5-hydroxy-uri 
dine (hou), 5-aminoallyl-uridine, 5-halo-uridine (e.g., 
5-iodo-uridine or 5-bromo-uridine), 3-methyl-uridine (mu), 
5-methoxy-uridine (moU), uridine 5-oxyacetic acid 
(cmoU), uridine 5-oxyacetic acid methyl ester (mcmoU), 
5-carboxymethyl-uridine (cm U), 1-carboxymethyl 
pseudouridine, 5-carboxyhydroxymethyl-uridine (chmU), 
5-carboxyhydroxymethyl-uridine methyl ester (mchmU), 
5-methoxycarbonylmethyl-uridine (mcm U), 5-methoxycar 
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bonylmethyl-2-thio-uridine (mcm’s U), 5-aminomethyl-2- 
thio-uridine (nms'U), 5-methylaminomethyl-uridine 
(mnmu), 5-methylaminomethyl-2-thio-uridine 
(mnms'U), 5-methylaminomethyl-2-seleno-uridine 
(minimise'U), 5-carbamoylmethyl-uridine (ncm U), 5-car 
boxymethylaminomethyl-uridine (cmnmu), 5-carboxym 
ethylaminomethyl-2-thio-uridine (cmnm’s'U), 5-propynyl 
uridine, 1-propynyl-pseudouridine, 5-taurinomethyl-uridine 
(tmU), 1-taurinomethyl-pseudouridine, 5-taurinomethyl-2- 
thio-uridine(tm’s'U), 1-taurinomethyl-4-thio-pseudouri 
dine, 5-methyl-uridine (mu, i.e., having the nucleobase 
deoxythymine), 1-methyl-pseudouridine (m'), 5-methyl-2- 
thio-uridine (mis'U), 1-methyl-4-thio-pseudouridine 
(m's"), 4-thio-1-methyl-pseudouridine, 3-methyl 
pseudouridine (mu), 2-thio-1-methyl-pseudouridine, 1-me 
thyl-1-deaza-pseudouridine, 2-thio-1-methyl-1-deaza 
pseudouridine, dihydrouridine (D), dihydropseudouridine, 
5,6-dihydrouridine, 5-methyl-dihydrouridine (mD), 2-thio 
dihydrouridine, 2-thio-dihydropseudouridine, 2-methoxy 
uridine, 2-methoxy-4-thio-uridine, 4-methoxy-pseudouri 
dine, 4-methoxy-2-thio-pseudouridine, N1-methyl 
pseudouridine, 3-(3-amino-3-carboxypropyl)uridine 
(acpU), 1-methyl-3-(3-amino-3-carboxypropyl)pseudouri 
dine (acp p), 5-(isopentenylaminomethyl)uridine (inmU), 
5-(isopentenylaminomethyl)-2-thio-uridine (inms’U), 
C-thio-uridine, 2'-O-methyl-uridine (Um), 5,2'-O-dimethyl 
uridine (mum), 2'-O-methyl-pseudouridine(pm), 2-thio-2'- 
O-methyl-uridine (sum), 5-methoxycarbonylmethyl-2'-O- 
methyl-uridine (mcm Um), 5-carbamoylmethyl-2'-O- 
methyl-uridine (ncm Um), 5-carboxymethylaminomethyl 
2'-O-methyl-uridine (cmnmum), 3,2'-O-dimethyl-uridine 
(mum), 5-(isopentenylaminomethyl)-2'-O-methyl-uridine 
(inmUm), 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. 
0283. In some embodiments, the modified nucleobase is a 
modified cytosine. Exemplary nucleobases and nucleosides 
having a modified cytosine include 5-aza-cytidine, 6-aza 
cytidine, pseudoisocytidine, 3-methyl-cytidine (mC), 
N4-acetyl-cytidine (act), 5-formyl-cytidine (f(c), N4-me 
thyl-cytidine (mC), 5-methyl-cytidine (mC), 5-halo-cyti 
dine (e.g., 5-iodo-cytidine), 5-hydroxymethyl-cytidine 
(hmC), 1-methyl-pseudoisocytidine, pyrrolo-cytidine, pyr 
rolo-pseudoisocytidine, 2-thio-cytidine (s’O), 2-thio-5-me 
thyl-cytidine, 4-thio-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-pseudoisocyti 
dine, 4-methoxy-1-methyl-pseudoisocytidine, lysidine 
(k,C), C-thio-cytidine, 2'-O-methyl-cytidine (Cm), 5,2'-O- 
dimethyl-cytidine (m Cm), N4-acetyl-2'-O-methyl-cytidine 
(ac Cm), N4,2'-O-dimethyl-cytidine (m. Cm), 5-formyl-2'- 
O-methyl-cytidine (f Cm), N4.N4,2'-O-trimethyl-cytidine 
(m. Cm), 1-thio-cytidine, 2'-F-ara-cytidine, 2-F-cytidine, 
and 2'-OH-ara-cytidine. 
0284. In some embodiments, the modified nucleobase is a 
modified adenine. Exemplary nucleobases and nucleosides 
having a modified adenine include 2-amino-purine, 2,6-di 
aminopurine, 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-ad 
enine, 7-deaza-8-aza-adenine, 7-deaza-2-amino-purine, 
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7-deaza-8-aza-2-amino-purine, 7-deaza-2,6-diaminopurine, 
7-deaza-8-aza-2,6-diaminopurine, 1-methyl-adenosine 
(mA), 2-methyl-adenine (mA), N6-methyl-adenosine 
(mA), 2-methylthio-N-6-methyl-adenosine (ms’ mA), 
N6-isopentenyl-adenosine (i'A), 2-methylthio-N-6-isopen 
tenyl-adenosine (ms' iA). N6-(cis-hydroxyisopentenyl)ad 
enosine (io'A), 2-methylthio-N-6-(cis-hydroxyisopentenyl) 
adenosine (msio'A), N6-glycinylcarbamoyl-adenosine 
(gA), N6-threonylcarbamoyl-adenosine (tA), N6-methyl 
N-6-threonylcarbamoyl-adenosine (m't'A), 2-methylthio 
N-6-threonylcarbamoyl-adenosine (msgA), N6.N6-dim 
ethyl-adenosine (mA), N6-hydroxynorvalylcarbamoyl 
adenosine (hnA), 2-methylthio-N-6- 
hydroxynorvalylcarbamoyl-adenosine (mshn'A), 
N6-acetyl-adenosine (ac'A), 7-methyl-adenine, 2-meth 
ylthio-adenine, 2-methoxy-adenine, C.-thio-adenosine, 2'-O- 
methyl-adenosine (Am), N6,2'-O-dimethyl-adenosine (m 
Am), N6.N6.2'-O-trimethyl-adenosine (m. Am), 1,2'-O- 
dimethyl-adenosine (m"Am), 2'-O-ribosyladenosine (phos 
phate) (Ar(p)), 2-amino-N-6-methyl-purine, 1-thio-adenos 
ine, 8-azido-adenosine, 2'-F-ara-adenosine, 2'-F-adenosine, 
2'-OH-ara-adenosine, and N6-(19-amino-pentaoxanonade 
cyl)-adenosine. 
0285. In some embodiments, the modified nucleobase is a 
modified guanine. Exemplary nucleobases and nucleosides 
having a modified guanine include inosine (I), 1-methyl 
inosine (m"I), Wyosine (imG), methylwyosine (mimC), 
4-demethyl-wyosine (imG-14), isowyosine (imG2), wybu 
tosine (yW), peroxywybutosine (oyW), hydroxywybutosine 
(OHyW), undermodified hydroxywybutosine (OHyW*), 
7-deaza-guanosine, queuosine (Q), epoxyqueuosine (oQ), 
galactosyl-queuosine (galO), mannosyl-queuosine (manO), 
7-cyano-7-deaza-guanosine (preC), 7-aminomethyl-7- 
deaza-guanosine (preO), archaeosine 7-deaza-8-aza-gua 
nosine, 6-thio-guanosine, 6-thio-7-deaza-guanosine, 6-thio 
7-deaza-8-aza-guanosine, 7-methyl-guanosine (m'G), 
6-thio-7-methyl-guanosine, 7-methyl-inosine, 6-methoxy 
guanosine, 1-methyl-guanosine (m'G), N2-methyl-gua 
nosine (mG), N2.N2-dimethyl-guanosine (m.G), N2,7- 
dimethyl-guanosine (m'G), N2.N2,7-dimethyl-guanosine 
(mG), 8-oxo-guanosine, 7-methyl-8-oxo-guanosine, 
1-methyl-6-thio-guanosine, N2-methyl-6-thio-guanosine, 
N2.N2-dimethyl-6-thio-guanosine, C-thio-guanosine, 2'-O- 
methyl-guanosine (Gm), N2-methyl-2'-O-methyl-guanosine 
(mGm), N2.N2-dimethyl-2'-O-methyl-guanosine (mGm), 
1-methyl-2'-O-methyl-guanosine (m'Gm), N2,7-dimethyl 
2'-O-methyl-guanosine (m’Gm), 2'-O-methyl-inosine (Im), 
1,2'-O-dimethyl-inosine (m"Im), 2'-O-ribosylguanosine 
(phosphate) (Gr(p)), 1-thio-guanosine, O6-methyl-gua 
nosine, 2'-F-ara-guanosine, and 2'-F-guanosine. 
0286 The nucleobase of the nucleotide can be indepen 
dently selected from a purine, a pyrimidine, a purine or pyri 
midine analog. For example, the nucleobase can each be 
independently selected from adenine, cytosine, guanine, 
uracil, or hypoxanthine. In another embodiment, the nucleo 
base can also include, for example, naturally-occurring and 
synthetic derivatives of a base, including pyrazolo 3,4-dpy 
rimidines, 5-methylcytosine (5-me-C), 5-hydroxymethyl 
cytosine, Xanthine, hypoxanthine, 2-aminoadenine, 6-methyl 
and other alkyl derivatives of adenine and guanine, 2-propyl 
and other alkyl derivatives of adenine and guanine, 2-thiou 
racil, 2-thiothymine and 2-thiocytosine, 5-propynyl uracil 
and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil 
(pseudouracil), 4-thiouracil, 8-halo (e.g., 8-bromo), 8-amino, 
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8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted 
adenines and guanines, 5-halo particularly 5-bromo, 5-trif 
luoromethyl and other 5-substituted uracils and cytosines, 
7-methylguanine and 7-methyladenine, 8-azaguanine and 
8-azaadenine, deazaguanine, 7-deazaguanine, 3-deazagua 
nine, deaZaadenine, 7-deazaadenine, 3-deazaadenine, pyra 
Zolo3,4-dipyrimidine, imidazo 1.5-a1.3.5 triazinones, 
9-deazapurines, imidazo[4,5-dipyrazines, thiazolo 4.5-dpy 
rimidines, pyrazin-2-ones, 1,2,4-triazine, pyridazine; and 
1.3.5 triazine. When the nucleotides are depicted using the 
shorthand A, G, C, T or U, each letter refers to the represen 
tative base and/or derivatives thereof, e.g., A includes adenine 
or adenine analogs, e.g., 7-deaza adenine). 

Modifications on the Internucleoside Linkage 

0287. The modified nucleosides and nucleotides, which 
may be incorporated into a modified nucleic acid or mmRNA 
molecule, can be modified on the internucleoside linkage 
(e.g., phosphate backbone). The phosphate groups of the 
backbone can be modified by replacing one or more of the 
oxygenatoms with a different substituent. Further, the modi 
fied nucleosides and nucleotides can include the wholesale 
replacement of an unmodified phosphate moiety with a modi 
fied phosphate as described herein. Examples of modified 
phosphate groups include, but are not limited to, phospho 
rothioate, phosphoroselenates, boranophosphates, borano 
phosphate esters, hydrogen phosphonates, phosphorami 
dates, phosphorodiamidates, alkyl or aryl phosphonates, and 
phosphotriesters. Phosphorodithioates have both non-linking 
oxygens replaced by Sulfur. The phosphate linker can also be 
modified by the replacement of a linking oxygen with nitro 
gen (bridged phosphoramidates), Sulfur (bridged phospho 
rothioates), and carbon (bridged methylene-phosphonates). 
0288 The C-thio substituted phosphate moiety is pro 
vided to confer stability to RNA and DNA polymers through 
the unnatural phosphorothioate backbone linkages. Phospho 
rothioate DNA and RNA have increased nuclease resistance 
and Subsequently a longer half-life in a cellular environment. 
Phosphorothioate linked modified nucleic acids or mmRNA 
molecules are expected to also reduce the innate immune 
response through weaker binding/activation of cellular innate 
immune molecules. 

0289. In specific embodiments, a modified nucleoside 
includes an alpha-thio-nucleoside (e.g., 5'-O-(1-thiophos 
phate)-adenosine, 5'-O-(1-thiophosphate)-cytidine (C-thio 
cytidine), 5'-O-(1-thiophosphate)-guanosine, 5'-O-(1-thio 
phosphate)-uridine, O 5'-O-(1-thiophosphate)- 
pseudouridine). 

Combinations of Modified Sugars, Nucleobases, and 
Internucleoside Linkages 

0290. The modified nucleic acids and mmRNA of the 
invention can include a combination of modifications to the 
Sugar, the nucleobase, and/or the internucleoside linkage. 
These combinations can include any one or more modifica 
tions described herein. For examples, any of the nucleotides 
described herein in Formulas (Ia), (Ia-1)-(Ia-3), (Ib)-(If). 
(IIa)-(IIp), (IIb-1), (IIb-2), (IIc-1)-(IIc-2), (IIn-1), (In-2), 
(IVa)-(IV1), and (IXa)-(IXr) can be combined with any of the 
nucleobases described herein (e.g., in Formulas (b1)-(b43) or 
any other described herein). 
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Synthesis of Modified Nucleic Acids and mmRNA Mol 
ecules 

0291. The modified nucleic acid and mmRNA molecules 
for use in accordance with the invention may be prepared 
according to any useful technique, as described herein. The 
modified nucleosides and nucleotides used in the synthesis of 
modified nucleic acid and mmRNA molecules disclosed 
herein can be prepared from readily available starting mate 
rials using the following general methods and procedures. 
Where typical or preferred process conditions (e.g., reaction 
temperatures, times, mole ratios of reactants, solvents, pres 
sures, etc.) are provided, a skilled artisan would be able to 
optimize and develop additional process conditions. Opti 
mum reaction conditions may vary with the particular reac 
tants or solvent used, but such conditions can be determined 
by one skilled in the art by routine optimization procedures. 
0292. The processes described herein can be monitored 
according to any Suitable method known in the art. For 
example, product formation can be monitored by spectro 
scopic means, such as nuclear magnetic resonance spectros 
copy (e.g., "H or 'C) infrared spectroscopy, spectrophotom 
etry (e.g., UV-visible), or mass spectrometry, or by 
chromatography such as high performance liquid chromatog 
raphy (HPLC) or thin layer chromatography. 
0293 Preparation of modified nucleic acid and mmRNA 
molecules of the present invention can involve the protection 
and deprotection of various chemical groups. The need for 
protection and deprotection, and the selection of appropriate 
protecting groups can be readily determined by one skilled in 
the art. The chemistry of protecting groups can be found, for 
example, in Greene, et al., Protective Groups in Organic 
Synthesis, 2d. Ed., Wiley & Sons, 1991, which is incorporated 
herein by reference in its entirety. 
0294 The reactions of the processes described herein can 
be carried out in suitable solvents, which can be readily 
selected by one of skill in the art of organic synthesis. Suitable 
Solvents can be substantially nonreactive with the starting 
materials (reactants), the intermediates, or products at the 
temperatures at which the reactions are carried out, i.e., tem 
peratures which can range from the solvents freezing tem 
perature to the solvents boiling temperature. A given reaction 
can be carried out in one solvent or a mixture of more than one 
Solvent. Depending on the particular reaction step, Suitable 
Solvents for a particular reaction step can be selected. 
0295 Resolution of racemic mixtures of modified nucleo 
sides and nucleotides can be carried out by any of numerous 
methods known in the art. An example method includes frac 
tional recrystallization using a "chiral resolving acid' which 
is an optically active, salt-forming organic acid. Suitable 
resolving agents for fractional recrystallization methods are, 
for example, optically active acids, Such as the D and L forms 
of tartaric acid, diacetyltartaric acid, dibenzoyltartaric acid, 
mandelic acid, malic acid, lactic acid or the various optically 
active camphorsulfonic acids. Resolution of racemic mix 
tures can also be carried out by elution on a column packed 
with an optically active resolving agent (e.g., dinitroben 
Zoylphenylglycine). Suitable elution solvent composition can 
be determined by one skilled in the art. 
0296 Modified nucleosides and nucleotides (e.g., binding 
block molecules) can be prepared according to the synthetic 
methods described in Ogata et al., J. Org. Chem. 74:2585 
2588 (2009); Purmal et al., Nucl. Acids Res. 22(1): 72-78, 
(1994); Fukuhara et al., Biochemistry, 1(4): 563-568 (1962); 
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and Xu et al., Tetrahedron, 48(9): 1729-1740 (1992), each of 
which are incorporated by reference in their entirety. 
0297. The modified nucleic acid and mmRNA of the 
invention need not be uniformly modified along the entire 
length of the molecule. For example, one or more or all types 
of nucleotide (e.g., purine or pyrimidine, or any one or more 
or all of A, G, U.C) may or may not be uniformly modified in 
a polynucleotide of the invention, or in a given predetermined 
sequence region thereof. In some embodiments, all nucle 
otides X in a polynucleotide of the invention (or in a given 
sequence region thereof) are modified, wherein X may any 
one of nucleotides A, G, U.C. or any one of the combinations 
A+G, A+U, A+C. G+U, G+C, U+C, A+G+U, A+G+C, 
G+U+C or A+G+C 

0298 Different sugar modifications, nucleotide modifica 
tions, and/or internucleoside linkages (e.g., backbone struc 
tures) may exist at various positions in the modified nucleic 
acid or mmRNA. One of ordinary skill in the art will appre 
ciate that the nucleotide analogs or other modification(s) may 
be located at any position(s) of a modified nucleic acid or 
mmRNA such that the function of the modified nucleic acid 
or mmRNA is not substantially decreased. A modification 
may also be a 5" or 3' terminal modification. The modified 
nucleic acid or mmRNA may contain from about 1% to about 
100% modified nucleotides, or any intervening percentage 
(e.g., from 1% to 20%, from 1% to 25%, from 1% to 50%, 
from 1% to 60%, from 1% to 70%, from 1% to 80%, from 1% 
to 90%, from 1% to 95%, from 10% to 20%, from 10% to 
25%, from 10% to 50%, from 10% to 60%, from 10% to 70%, 
from 10% to 80%, from 10% to 90%, from 10% to 95%, from 
10% to 100%, from 20% to 25%, from 20% to 50%, from 
20% to 60%, from 20% to 70%, from 20% to 80%, from 20% 
to 90%, from 20% to 95%, from 20% to 100%, from 50% to 
60%, from 50% to 70%, from 50% to 80%, from 50% to 90%, 
from 50% to 95%, from 50% to 100%, from 70% to 80%, 
from 70% to 90%, from 70% to 95%, from 70% to 100%, 
from 80% to 90%, from 80% to 95%, from 80% to 100%, 
from 90% to 95%, from 90% to 100%, and from 95% to 
100%). 
0299. In some embodiments, the modified nucleic acid or 
mmRNA includes a modified pyrimidine (e.g., a modified 
uracil/uridine or modified cytosine?cytidine). In some 
embodiments, the uracil or uridine in the modified nucleic 
acid or mmRNA molecule may be replaced with from about 
1% to about 100% of a modified uracil or modified uridine 
(e.g., from 1% to 20%, from 1% to 25%, from 1% to 50%, 
from 1% to 60%, from 1% to 70%, from 1% to 80%, from 1% 
to 90%, from 1% to 95%, from 10% to 20%, from 10% to 
25%, from 10% to 50%, from 10% to 60%, from 10% to 70%, 
from 10% to 80%, from 10% to 90%, from 10% to 95%, from 
10% to 100%, from 20% to 25%, from 20% to 50%, from 
20% to 60%, from 20% to 70%, from 20% to 80%, from 20% 
to 90%, from 20% to 95%, from 20% to 100%, from 50% to 
60%, from 50% to 70%, from 50% to 80%, from 50% to 90%, 
from 50% to 95%, from 50% to 100%, from 70% to 80%, 
from 70% to 90%, from 70% to 95%, from 70% to 100%, 
from 80% to 90%, from 80% to 95%, from 80% to 100%, 
from 90% to 95%, from 90% to 100%, and from 95% to 100% 
of a modified uracil or modified uridine). The modified uracil 
or uridine can be replaced by a compound having a single 
unique structure or by a plurality of compounds having dif 
ferent structures (e.g., 2, 3, 4 or more unique structures, as 
described herein). In some embodiments, the cytosine or 
cytidine in the modified nucleic acid or mmRNA molecule 
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may be replaced with from about 1% to about 100% of a 
modified cytosine or modified cytidine (e.g., from 1% to 20%, 
from 1% to 25%, from 1% to 50%, from 1% to 60%, from 1% 
to 70%, from 1% to 80%, from 1% to 90%, from 1% to 95%, 
from 10% to 20%, from 10% to 25%, from 10% to 50%, from 
10% to 60%, from 10% to 70%, from 10% to 80%, from 10% 
to 90%, from 10% to 95%, from 10% to 100%, from 20% to 
25%, from 20% to 50%, from 20% to 60%, from 20% to 70%, 
from 20% to 80%, from 20% to 90%, from 20% to 95%, from 
20% to 100%, from 50% to 60%, from 50% to 70%, from 
50% to 80%, from 50% to 90%, from 50% to 95%, from 50% 
to 100%, from 70% to 80%, from 70% to 90%, from 70% to 
95%, from 70% to 100%, from 80% to 90%, from 80% to 
95%, from 80% to 100%, from 90% to 95%, from 90% to 
100%, and from 95% to 100% of a modified cytosine or 
modified cytidine). The modified cytosine or cytidine can be 
replaced by a compound having a single unique structure or 
by a plurality of compounds having different structures (e.g., 
2, 3, 4 or more unique structures, as described herein). 
0300. In some embodiments, the present disclosure pro 
vides methods of synthesizing a modified nucleic acid or 
mmRNA including n number of linked nucleosides having 
Formula (Ia-1): 

(Ia-1) 

comprising: 
0301 a) reacting a nucleotide of Formula (IV-1): 

(IV-1) 

0302) 
(V-1): 

with a phosphoramidite compound of Formula 

(V-1) 

Sep. 12, 2013 

(0303 wherein Y is H, hydroxy, phosphoryl, pyrophos 
phate, Sulfate, amino, thiol, optionally Substituted amino 
acid, or a peptide (e.g., including from 2 to 12 amino acids); 
and eachP', P, and Pis, independently, a suitable protecting 
group; and 

denotes a Solid Support; 
0304 to provide a modified nucleic acid or mmRNA of 
Formula (VI-1): 

(VI-1) 

and 

0305 b) oxidizing or sulfurizing the modified nucleic acid 
or mmRNA of Formula (V) to yield a modified nucleic acid or 
mmRNA of Formula (VII-1): 

(VII-1) 
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and 

0306 c) removing the protecting groups to yield the modi 
fied nucleic acid or mmRNA of Formula (Ia). 
0307. In some embodiments, steps a) and b) are repeated 
from 1 to about 10,000 times. In some embodiments, the 
methods further comprise a nucleotide (e.g., building block 
molecule) selected from the group consisting of adenosine, 
cytosine, guanosine, and uracil. In some embodiments, the 
nucleobase may be a pyrimidine or derivative thereof. In 
some embodiments, the modified nucleic acid or mmRNA is 
translatable. 

0308. Other components of modified nucleic acids and 
mmRNA are optional, and are beneficial in some embodi 
ments. For example, a 5' untranslated region (UTR) and/or a 
3'UTR are provided, wherein either or both may indepen 
dently contain one or more different nucleoside modifica 
tions. In Such embodiments, nucleoside modifications may 
also be present in the translatable region. Also provided are 
modified nucleic acids and mmRNA containing a Kozak 
Sequence. 

0309 Exemplary syntheses of modified nucleotides, 
which are incorporated into a modified nucleic acid or 
mmRNA, e.g., RNA or mRNA, are provided below in 
Scheme 1 through Scheme 11. Scheme 1 provides a general 
method for phosphorylation of nucleosides, including modi 
fied nucleosides. 

HN 
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Scheme 1 
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0310 Various protecting groups may be used to control 
the reaction. For example, Scheme 2 provides the use of 
multiple protecting and deprotecting steps to promote phos 
phorylation at the 5' position of the sugar, rather than the 2' 
and 3' hydroxyl groups. 

Scheme 2 
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-continued 
HN 

SN 

\ d 1) OH 
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O G) 

O O 
Ph.c1 YCPh. 

0311 Modified nucleotides can be synthesized in any use 
ful manner. Schemes 3, 4, and 7 provide exemplary methods 
for synthesizing modified nucleotides having a modified 
purine nucleobase; and Schemes 5 and 6 provide exemplary 
methods for synthesizing modified nucleotides having a 
modified pseudouridine or pseudoisocytidine, respectively. 
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-continued -continued 
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0312 Schemes 8 and 9 provide exemplarv SVntheses of p plary sy 
n NN modified nucleotides. Scheme 10 provides a non-limiting 

biocatalytic method for producing nucleotides. 
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Scheme 9 
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Scheme 10 
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0313 Scheme 11 provides an exemplary synthesis of a 
modified uracil, where the N1 position is modified with R', 
as provided elsewhere, and the 5'-position of ribose is phos 
phorylated. T', T, R''", R'', and rare as provided herein. 
This synthesis, as well as optimized versions thereof, can be 
used to modify other pyrimidine nucleobases and purine 
nucleobases (see e.g., Formulas (b1)-(b43)) and/or to install 
one or more phosphate groups (e.g., at the 5' position of the 
Sugar). This alkylating reaction can also be used to include 
one or more optionally Substituted alkyl group at any reactive 
group (e.g., amino group) in any nucleobase described herein 
(e.g., the amino groups in the Watson-Crick base-pairing face 
for cytosine, uracil, adenine, and guanine). 

Scheme 11 
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-continued 
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Combinations of Nucleotides in mmRNA 

0314. Further examples of modified nucleotides and 
modified nucleotide combinations are provided below in 
Table 2. These combinations of modified nucleotides can be 
used to form the modified nucleic acids or mmRNA of the 
invention. Unless otherwise noted, the modified nucleotides 
may be completely substituted for the natural nucleotides of 
the modified nucleic acids or mmRNA of the invention. 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 nucleotide 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%) with at 
least one of the modified nucleoside disclosed herein. 

TABLE 2 

Modified 
Nucleotide Modified Nucleotide Combination 

C-thio-cytidine C-thio-cytidine/5-iodo-uridine 
C-thio-cytidine/N1-methyl-pseudo-uridine 
C-thio-cytidine/C-thio-uridine 
C-thio-cytidine/5-methyl-uridine 
C-thio-cytidine pseudo-uridine 
about 50% of the cytosines are C-thio-cytidine 

pseudoiso- pseudoisocytidine? 5-iodo-uridine 
cytidine pseudoisocytidine? N1-methyl-pseudouridine 

pseudoisocytidine? C-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 pseudo 
uridine 
pseudoisocytidine? about 25% of uridines are N1-methyl 
pseudouridine and about 25% of uridines are pseudo 
uridine 

pyrrolo- pyrrolo-cytidine/5-iodo-uridine 
cytidine pyrrolo-cytidine/N1-methyl-pseudouridine 

pyrrolo-cytidine/C-thio-uridine 
pyrrolo-cytidine/5-methyl-uridine 
pyrrolo-cytidine pseudouridine 
about 50% of the cytosines are pyrrolo-cytidine 

5-methyl- 5-methyl-cytidine/5-iodo-uridine 
cytidine 5-methyl-cytidine/N1-methyl-pseudouridine 

5-methyl-cytidine/C-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 
about 50% of uridines are 5-methyl-cytidine/about 50% 
of uridines are 2-thio-uridine 



US 2013/0237592 A1 

TABLE 2-continued 

Modified 
Nucleotide Modified Nucleotide Combination 

N4-acetyl 
cytidine 

N4-acetyl-cytidine/5-iodo-uridine 
N4-acetyl-cytidine/N1-methyl-pseudouridine 
N4-acetyl-cytidinefol-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 

0315. Further examples of modified nucleotide combina 
tions are provided below in Table 3. These combinations of 
modified nucleotides can be used to form the modified 
nucleic acid molecules or mmRNA of the invention. 

TABLE 3 

Modified 
Nucleotide Modi - Nucleotide Combination e 

modified cytidine modified cytidine with (b10), pseudouridine 
having one or modified cytidine with (b10)/N1-methyl-pseudouridine 
more nucleobases modified cytidine with (b10)/5-methoxy-uridine 
of Formula (b10) modified cytidine with (b10)/5-methyl-uridine 

modified cytidine with (b10)/5-bromo-uridine 
modified cytidine with (b10)/2-thio-uridine 
about 50% of cytidine substituted with modified 
cytidine (b10), about 50% of uridines are 2-thio 
uridine 

modified cytidine modified cytidine with (b32) pseudouridine 
having one or modified cytidine with (b32)/N1-methyl-pseudouridine 
more nucleobases modified cytidine with (b32)/5-methoxy-uridine 
of Formula (b32) modified cytidine with (b32)/5-methyl-uridine 

modified cytidine with (b32)/5-bromo-uridine 
modified cytidine with (b32)/2-thio-uridine 
about 50% of cytidine substituted with modified 
cytidine (b32)/about 50% of uridines are 2-thio 
uridine 

modified uridine modified uridine with (b1)/N4-acetyl-cytidine 
having one or modified uridine with (b1)/5-methyl-cytidine 
Ole CeO3S(S 

of Formula (b1) 
modified uridine modified uridine with 
having one or modified uridine with 
Ole CeO3S(S 

of Formula (b8) 
modified uridine modified uridine with (b28), N4-acetyl-cytidine 
having one or modified uridine with (b28)/5-methyl-cytidine 
Ole CeO3S(S 

of Formula (b28) 
modified uridine modified uridine with (b29), N4-acetyl-cytidine 
having one or modified uridine with (b29), 5-methyl-cytidine 
Ole CeO3S(S 

of Formula (b29) 
modified uridine modified uridine with (b30), N4-acetyl-cytidine 
having one or modified uridine with (b30), 5-methyl-cytidine 
Ole CeO3S(S 

of Formula (b30) 

b8), N4-acetyl-cytidine 
b8)/5-methyl-cytidine 

0316. In some embodiments, at least 25% of the cytosines 
are replaced by a compound of Formula (b 10)-(b 14) (e.g., at 
least about 30%, at least about 35%, at least about 40%, at 
least about 45%, at least about 50%, at least about 55%, at 
least about 60%, at least about 65%, at least about 70%, at 
least about 75%, at least about 80%, at least about 85%, at 
least about 90%, at least about 95%, or about 100%). 
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0317. In some embodiments, at least 25% of the uracils are 
replaced by a compound of Formula (b1)-(b9) (e.g., at least 
about 30%, at least about 35%, at least about 40%, at least 
about 45%, at least about 50%, at least about 55%, at least 
about 60%, at least about 65%, at least about 70%, at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90%, at least about 95%, or about 100%). 
0318. In some embodiments, at least 25% of the cytosines 
are replaced by a compound of Formula (b10)-(b14), and at 
least 25% of the uracils are replaced by a compound of For 
mula (b1)-(b9) (e.g., at least about 30%, at least about 35%, at 
least about 40%, at least about 45%, at least about 50%, at 
least about 55%, at least about 60%, at least about 65%, at 
least about 70%, at least about 75%, at least about 80%, at 
least about 85%, at least about 90%, at least about 95%, or 
about 100%). 

Synthesis of Modified Nucleic Acid Molecules 
0319 Modified nucleic acid molecules for use in accor 
dance with the present disclosure may be prepared according 
to any available technique including, but not limited to, in 
vitro transcription Such as chemical synthesis and enzymatic 
synthesis, or enzymatic and chemical cleavage of a longer 
precursor, etc. Methods of synthesizing RNA are known in 
the art (see, e.g., Gait, M. J. (ed.) Oligonucleotide synthesis. 
a practical approach, Oxford Oxfordshire, Washington, 
D.C.: IRL Press, 1984; and Herdewijn, P. (ed.) Oligonucle 
Otide synthesis: methods and applications, Methods in 
Molecular Biology, v. 288 (Clifton, N.J.) Totowa, N.J. 
Humana Press, 2005; both of which are incorporated herein 
by reference). 
0320. The modified nucleic acid molecules disclosed 
herein can be prepared from readily available starting mate 
rials using the following general methods and procedures. It 
is understood that where typical or preferred process condi 
tions (i.e., reaction temperatures, times, mole ratios of reac 
tants, solvents, pressures, etc.) are given other process con 
ditions can also be used unless otherwise stated. Optimum 
reaction conditions may vary with the particular reactants or 
Solvent used, but Such conditions can be determined by one 
skilled in the art by routine optimization procedures. 
0321. The processes described herein can be monitored 
according to any Suitable method known in the art. For 
example, product formation can be monitored by spectro 
scopic means, such as nuclear magnetic resonance spectros 
copy (e.g., "Hor'C) infrared spectroscopy, spectrophotom 
etry (e.g., UV-visible), mass spectrometry, or by 
chromatography such as high performance liquid chromatog 
raphy (HPLC) or thin layer chromatography. 
0322 Preparation of modified nucleic acid molecules can 
involve the protection and deprotection of various chemical 
groups. The need for protection and deprotection, and the 
selection of appropriate protecting groups can be readily 
determined by one skilled in the art. The chemistry of pro 
tecting groups can be found, for example, in Greene, et al., 
Protective Groups in Organic Synthesis, 2d. Ed., Wiley & 
Sons, 1991, which is incorporated herein by reference in its 
entirety. 
0323. The reactions of the processes described herein can 
be carried out in suitable solvents, which can be readily 
selected by one of skill in the art of organic synthesis. Suitable 
Solvents can be substantially nonreactive with the starting 
materials (reactants), the intermediates, or products at the 
temperatures at which the reactions are carried out, i.e., tem 



US 2013/0237592 A1 

peratures which can range from the solvents freezing tem 
perature to the solvents boiling temperature. A given reaction 
can be carried out in one solvent or a mixture of more than one 
Solvent. Depending on the particular reaction step, Suitable 
Solvents for a particular reaction step can be selected. 
0324 Resolution of racemic mixtures of modified nucleic 
acid molecules can be carried out by any of numerous meth 
ods known in the art. An example method includes, but is not 
limited to, fractional recrystallization using a "chiral resolv 
ing acid' which is an optically active, salt-forming organic 
acid. Suitable resolving agents for fractional recrystallization 
methods are, for example, optically active acids, such as the D 
and L forms of tartaric acid, diacetyltartaric acid, dibenzoyl 
tartaric acid, mandelic acid, malic acid, lactic acid or the 
various optically active camphorsulfonic acids. Resolution of 
racemic mixtures can also be carried out by elution on a 
column packed with an optically active resolving agent (e.g., 
dinitrobenzoylphenylglycine). Suitable elution solvent com 
position can be determined by one skilled in the art. 
0325 Modified nucleic acid molecules need not be uni 
formly modified along the entire length of the molecule. 
Different nucleic acid modifications and/or backbone struc 
tures may exist at various positions in the nucleic acid. One of 
ordinary skill in the art will appreciate that the nucleotide 
analogs or other modification(s) may be located at any posi 
tion(s) of a nucleic acid such that the function of the nucleic 
acid is not Substantially decreased. A modification may also 
be a 5" or 3' terminal modification. The nucleic acids may 
contain at a minimum one modified nucleotide and at maxi 
mum 100% modified nucleotides, or any intervening percent 
age, such as at least 5% modified nucleotides, at least 10% 
modified nucleotides, at least 25% modified nucleotides, at 
least 50% modified nucleotides, at least 80% modified nucle 
otides, or at least 90% modified nucleotides. For example, the 
nucleic acids may contain a modified pyrimidine Such as 
uracil or cytosine. In some embodiments, at least 5%, at least 
10%, at least 25%, at least 50%, at least 80%, at least 90% or 
100% of the uracil in the nucleic acid may be replaced with a 
modified uracil. The modified uracil can be replaced by a 
compound having a single unique structure, or can be 
replaced by a plurality of compounds having different struc 
tures (e.g.,2,3,4 or more unique structures). In some embodi 
ments, at least 5%, at least 10%, at least 25%, at least 50%, at 
least 80%, at least 90% or 100% of the cytosine in the nucleic 
acid may be replaced with a modified cytosine. The modified 
cytosine can be replaced by a compound having a single 
unique structure, or can be replaced by a plurality of com 
pounds having different structures (e.g., 2, 3, 4 or more 
unique structures). 
0326 Generally, the shortest length of a modified mRNA, 
herein “mmRNA. of the present disclosure can be the length 
of an mRNA sequence that may be sufficient to encode for a 
dipeptide. In another embodiment, the length of the mRNA 
sequence may be sufficient to encode for a tripeptide. In 
another embodiment, the length of an mRNA sequence may 
be sufficient to encode for a tetrapeptide. In another embodi 
ment, the length of an mRNA sequence may be sufficient to 
encode for a pentapeptide. In another embodiment, the length 
of an mRNA sequence may be sufficient to encode for a 
hexapeptide. In another embodiment, the length of an mRNA 
sequence may be sufficient to encode for a heptapeptide. In 
another embodiment, the length of an mRNA sequence may 
be sufficient to encode for an octapeptide. In another embodi 
ment, the length of an mRNA sequence may be sufficient to 
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encode for a nonapeptide. In another embodiment, the length 
of an mRNA sequence may be sufficient to encode for a 
decapeptide. 
0327 Examples of dipeptides that the modified nucleic 
acid molecule sequences can encode for include, but are not 
limited to, carnosine and anserine. 
0328. In a further embodiment, the mRNA may be greater 
than 30 nucleotides in length. In another embodiment, the 
RNA molecule may be greater than 35 nucleotides in length 
(e.g., at least or greater than about 35, 40, 45, 50, 55, 60, 70. 
80, 90, 100,120, 140, 160, 180, 200, 250, 300,350, 400, 450, 
500, 600, 700, 800, 900, 1,000, 1,100, 1,200, 1,300, 1,400, 
1,500, 1,600, 1,700, 1,800, 1900, 2,000, 2,500, 3,000, 4,000 
and 5,000 nucleotides). 

Exemplary Properties of Modified Nucleic Acid Molecules 

Major Groove Interacting Partners 

0329. The modified nucleic acid molecules, e.g., modified 
mRNA (mmRNA), described herein can disrupt interactions 
with recognition receptors that detect and respond to RNA 
ligands through interactions, e.g. binding, with the major 
groove face of a nucleotide or nucleic acid. As such, RNA 
ligands comprising modified nucleotides or modified nucleic 
acid molecules, as described herein, decrease interactions 
with major groove binding partners, and therefore decrease 
an innate immune response, or expression and secretion of 
pro-inflammatory cytokines, or both. 
0330. Example major groove interacting, e.g. binding, 
partners include, but are not limited to, the following 
nucleases and helicases. Within membranes, TLRs (Toll-like 
Receptors) 3, 7, and 8 can respond to single- and double 
stranded RNA. Within the cytoplasm, members of the super 
family 2 class of DEX(D/H) helicases and ATPases can sense 
RNA to initiate antiviral responses. These helicases include 
the RIG-I (retinoic acid-inducible gene I) and MDA5 (mela 
noma differentiation-associated gene 5). Other examples 
include laboratory of genetics and physiology 2 (LGP2), 
HIN-200 domain containing proteins, or Helicase-domain 
containing proteins. 

Prevention or Reduction of Innate Cellular Immune 
Response Activation Using Modified Nucleic Acid 
Molecules 

0331. The modified nucleic acid molecules, e.g., 
mmRNA, described herein, decrease the innate immune 
response in a cell. The term “innate immune response' 
includes a cellular response to exogenous nucleic acids, 
including, but not limited to, single stranded nucleic acids, 
generally of viral or bacterial origin, which involve the induc 
tion of cytokine expression and release, particularly the inter 
ferons, and cell death. Protein synthesis may also be reduced 
during the innate cellular immune response. While it is advan 
tageous to eliminate the innate immune response in a cell, the 
present disclosure provides modified mRNA that substan 
tially reduce the immune response, including interferon sig 
naling, without entirely eliminating Such a response. In some 
embodiments, the immune response may be reduced by 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, 
99.9%, or greater than 99.9% as compared to the immune 
response induced by a corresponding unmodified nucleic acid 
molecule. Such a reduction can be measured by the expres 
sion or activity level of Type 1 interferons or the expression of 
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interferon-regulated genes Such as the toll-like receptors 
(e.g., TLR7 and TLR8). Reduction of the innate immune 
response can also be measured by decreased cell death fol 
lowing one or more administrations of modified RNA to a cell 
population; e.g., cell death is 10%, 25%, 50%, 75%, 85%, 
90%. 95%, or over 95% less than the cell death frequency 
observed with a corresponding unmodified nucleic acid mol 
ecule. Moreover, cell death may affect fewer than 50%, 40%, 
30%, 20%, 10%, 5%, 1%, 0.1%, 0.01% or fewer than 0.01% 
of cells contacted with the modified nucleic acid molecules. 
0332 The present disclosure provides for the repeated 
introduction (e.g., transfection) of modified nucleic acid mol 
ecules into a target cell population, e.g., in vitro, ex vivo, or in 
vivo. The step of contacting the cell population may be 
repeated one or more times (such as two, three, four, five or 
more than five times). In some embodiments, the step of 
contacting the cell population with the modified nucleic acid 
molecules may be repeated a number of times Sufficient Such 
that a predetermined efficiency of protein translation in the 
cell population is achieved. Given the reduced cytotoxicity of 
the target cell population by the nucleic acid modifications, 
such repeated transfections are achievable in a variety of cell 
types. 
0333. The modified nucleic acids of the invention, includ 
ing the combination of modifications taught herein may have 
Superior properties making them more Suitable as therapeutic 
modalities. 

0334. It has been determined that the “all or none' model 
in the art is sorely insufficient to describe the biological 
phenomena associated with the therapeutic utility of modified 
mRNA. The present inventors have determined that to 
improve protein production, one may consider the nature of 
the modification, or combination of modifications, the per 
cent modification and Survey more than one cytokine or met 
ric to determine the efficacy and risk profile of a particular 
modified mRNA. 

0335. In one aspect of the invention, methods of determin 
ing the effectiveness of a modified mRNA as compared to 
unmodified involves the measure and analysis of one or more 
cytokines whose expression is triggered by the administration 
of the exogenous nucleic acid of the invention. These values 
are compared to administration of an unmodified nucleic acid 
or to a standard metric Such as cytokine response, PolyIC, 
R-848 or other standard known in the art. 
0336. One example of a standard metric developed herein 

is the measure of the ratio of the level or amount of encoded 
polypeptide (protein) produced in the cell, tissue or organism 
to the level or amount of one or more (or a panel) of cytokines 
whose expression is triggered in the cell, tissue or organism as 
a result of administration or contact with the modified nucleic 
acid. Such ratios are referred to herein as the Protein:Cytok 
ine Ratio or “PC” Ratio. The higher the PC ratio, the more 
efficacious the modified nucleic acid (polynucleotide encod 
ing the protein measured). Preferred PC Ratios, by cytokine, 
of the present invention may be greater than 1, greater than 10, 
greater than 100, greater than 1000, greater than 10,000 or 
more. Modified nucleic acids having higher PC Ratios than a 
modified nucleic acid of a different or unmodified construct 
are preferred. 
0337 The PC ratio may be further qualified by the percent 
modification present in the polynucleotide. For example, nor 
malized to a 100% modified nucleic acid, the protein produc 
tion as a function of cytokine (or risk) or cytokine profile can 
be determined. 
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0338. In one embodiment, the present invention provides a 
method for determining, across chemistries, cytokines or per 
cent modification, the relative efficacy of any particular modi 
fied polynucleotide by comparing the PC Ratio of the modi 
fied nucleic acid (polynucleotide). 

Activation of the Immune Response: Vaccines 
0339. In one embodiment of the present invention, mRNA 
molecules may be used to elicit or provoke an immune 
response in an organism. The mRNA molecules to be deliv 
ered may encode an immunogenic peptide or polypeptide and 
may encode more than one such peptide or polypeptide. 
0340 Additionally, certain modified nucleosides, or com 
binations thereof, when introduced into the modified nucleic 
acid molecules or mmRNA of the invention will activate the 
innate immune response. Such activating molecules are use 
ful as adjuvants when combined with polypeptides and/or 
other vaccines. In certain embodiments, the activating mol 
ecules contain a translatable region which encodes for a 
polypeptide sequence useful as a vaccine, thus providing the 
ability to be a self-adjuvant. 
0341. In one embodiment, the modified nucleic acid mol 
ecules and/or mmRNA of the invention may encode an immu 
nogen. The delivery of modified nucleic acid molecules and/ 
or mmRNA encoding an immunogen may activate the 
immune response. As a non-limiting example, the modified 
nucleic acid molecules and/or mmRNA encoding an immu 
nogen may be delivered to cells to trigger multiple innate 
response pathways (see International Pub. No. 
WO2012006377; herein incorporated by reference in its 
entirety). As another non-limiting example, the modified 
nucleic acid molecules and mmRNA of the present invention 
encoding an immunogen may be delivered to a vertebrate in a 
dose amount large enough to be immunogenic to the verte 
brate (see International Pub. No. WO2012006372 and 
WO2012006369; each of which is herein incorporated by 
reference in their entirety). 
0342. The modified nucleic acid molecules or mmRNA of 
invention may encode a polypeptide sequence for a vaccine 
and may further comprise an inhibitor. The inhibitor may 
impair antigen presentation and/or inhibit various pathways 
known in the art. As a non-limiting example, the modified 
nucleic acid molecules or mmRNA of the invention may be 
used for a vaccine in combination with an inhibitor which can 
impair antigen presentation (see International Pub. No. 
WO2012089225 and WO2012089338; each of which is 
herein incorporated by reference in their entirety). 
0343. In one embodiment, the modified nucleic acid mol 
ecules or mmRNA of the invention may be self-replicating 
RNA. Self-replicating RNA molecules can enhance effi 
ciency of RNA delivery and expression of the enclosed gene 
product. In one embodiment, the modified nucleic acid mol 
ecules or mmRNA may comprise at least one modification 
described herein and/or known in the art. In one embodiment, 
the self-replicating RNA can be designed so that the self 
replicating RNA does not induce production of infectious 
viral particles. As a non-limiting example the self-replicating 
RNA may be designed by the methods described in US Pub. 
No. US2O1103.00205 and International Pub. No. 
WO2011005799, each of which is herein incorporated by 
reference in their entirety. 
0344. In one embodiment, the self-replicating modified 
nucleic acid molecules or mmRNA of the invention may 
encode a protein which may raise the immune response. As a 
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non-limiting example, the modified nucleic acid molecules 
and/or mmRNA may be self-replicating mRNA may encode 
at least one antigen (see US Pub. No. US201103.00205 and 
International Pub. No. WO2011005799; each of which is 
herein incorporated by reference in their entirety). 
0345. In one embodiment, the self-replicating modified 
nucleic acids or mmRNA of the invention may be formulated 
using methods described herein or known in the art. As a 
non-limiting example, the self-replicating RNA may be for 
mulated for delivery by the methods described in Geall et al 
(Nonviral delivery of self-amplifying RNA vaccines, PNAS 
2012: PMID: 22908294; herein incorporated by reference in 
its entirety). 
0346. In one embodiment, the modified nucleic acid mol 
ecules or mmRNA of the present invention may encode 
amphipathic and/or immunogenic amphipathic peptides. 
0347 In on embodiment, a formulation of the modified 
nucleic acid molecules or mmRNA of the present invention 
may further comprise an amphipathic and/or immunogenic 
amphipathic peptide. As a non-limiting example, the modi 
fied nucleic acid molecule or mmRNA comprising an amphi 
pathic and/or immunogenic amphipathic peptide may be for 
mulated as described in US. Pub. No. US20110250237 and 
International Pub. NoS. WO2O10009277 and 
WO2010009065; each of which is herein incorporated by 
reference in their entirety. 
0348. In one embodiment, the modified nucleic acid mol 
ecules and mmRNA of the present invention may be immu 
nostimulatory. As a non-limiting example, the modified 
nucleic acid molecules and mmRNA may encode all or a part 
of a positive-sense or a negative-sense stranded RNA virus 
genome (see International Pub No. WO2012092569 and US 
Pub No. US20120177701, each of which is herein incorpo 
rated by reference in their entirety). In another non-limiting 
example, the immunostimulatory modified nucleic acid mol 
ecules or mmRNA of the present invention may be formu 
lated with an excipient for administration as described herein 
and/or known in the art (see International Pub No. 
WO2012068295 and US Pub No. US20120213812, each of 
which is herein incorporated by reference in their entirety). 
0349. In one embodiment, the response of the vaccine 
formulated by the methods described herein may be enhanced 
by the addition of various compounds to induce the therapeu 
tic effect. As a non-limiting example, the vaccine formulation 
may include a MHC II binding peptide or a peptide having a 
similar sequence to a MHC II binding peptide (see Interna 
tional Pub Nos. WO2012027365, WO2011031298 and US 
Pub No. US20120070493, US20110110965, each of which is 
herein incorporated by reference in their entirety). As another 
example, the vaccine formulations may comprise modified 
nicotinic compounds which may generate an antibody 
response to nicotine residue in a Subject (see International 
Pub No. WO2012061717 and US Pub No. US2012011.4677, 
each of which is herein incorporated by reference in their 
entirety). 

Polypeptide Variants 
0350. The modified nucleic acid molecules encode 
polypeptides, e.g., a variant polypeptides, which have a cer 
tain identity to a reference polypeptide sequence. The term 
“identity, as known in the art, refers to a relationship between 
the sequences of two or more peptides, determined by com 
paring the sequences. In the art, “identity also refers to the 
degree of sequence relatedness between peptides, as deter 
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mined by the number of matches between strings of two or 
more amino acid residues. Identity measures the percent of 
identical matches between the smaller of two or more 
sequences with gap alignments (if any) addressed by a par 
ticular mathematical model or computer program (i.e., 'algo 
rithms'). Identity of related peptides can be readily calculated 
by known methods. Such methods include, but are not limited 
to, 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: Computer Analy 
sis of Sequence Data, Part 1, Griffin, A.M., and Griffin, H. G., 
eds. Humana Press, New Jersey, 1994; Sequence Analysis in 
Molecular Biology, von Heinje, G., Academic Press, 1987: 
Sequence Analysis Primer, Gribskov, M. and Devereux, J., 
eds., M. Stockton Press, New York, 1991; and Carillo et al., 
SIAM J. Applied Math. 48, 1073 (1988); all of which are 
herein incorporated by reference in their entirety. 
0351. In some embodiments, the polypeptide variant may 
have the same or a similar activity as the reference polypep 
tide. Alternatively, the variant may have an altered activity 
(e.g., increased or decreased) relative to a reference polypep 
tide. Generally, variants of a particular polynucleotide or 
polypeptide of the present disclosure will have at least about 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 
more sequence identity to that particular reference polynucle 
otide or polypeptide as determined by sequence alignment 
programs and parameters described herein and known to 
those skilled in the art. 
0352. As recognized by those skilled in the art, protein 
fragments, functional protein domains, and homologous pro 
teins are also considered to be within the scope of this present 
disclosure. For example, provided herein is any protein frag 
ment of a reference protein (meaning a polypeptide sequence 
which is at least one amino acid residue shorter than a refer 
ence polypeptide sequence but otherwise identical) 10, 20, 
30, 40, 50, 60, 70,80,90, 100 or greater than 100 amino acids 
in length. In another example, any protein that includes a 
stretch of about 20, about 30, about 40, about 50, or about 100 
amino acids which are about 40%, about 50%, about 60%, 
about 70%, about 80%, about 90%, about 95%, or about 
100% identical to any of the sequences described herein can 
be utilized in accordance with the present disclosure. In cer 
tain embodiments, a protein sequence to be utilized in accor 
dance with the present disclosure includes 2,3,4,5,6,7,8,9, 
10, or more mutations as shown in any of the sequences 
provided or referenced herein. 

Polypeptide-Nucleic Acid Complexes 
0353 Proper protein translation involves the physical 
aggregation of a number of polypeptides and nucleic acids 
associated with the mRNA. Provided by the present disclo 
Sure are protein-nucleic acid complexes, containing a trans 
latable mRNA having one or more nucleoside modifications 
(e.g., at least two different nucleoside modifications) and one 
or more polypeptides bound to the mRNA. Generally, the 
proteins are provided in an amount effective to prevent or to 
reduce an innate immune response of a cell into which the 
complex is introduced. 

Untranslatable Modified Nucleic Acid Molecules 

0354 As described herein, provided are mRNA having 
sequences that are substantially not translatable. Such mRNA 
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may be effective as a vaccine when administered to a Subject. 
It is further provided that the subject administered the vaccine 
may be a mammal, more preferably a human and most pref 
erably a patient. 
0355 Also provided are modified nucleic acid molecules 
that contain one or more noncoding regions. Such modified 
nucleic acid molecules are generally not translated, but are 
capable of binding to and sequestering one or more transla 
tional machinery component Such as a ribosomal protein or a 
transfer RNA (tRNA), thereby effectively reducing the pro 
tein expression in the cell. The modified nucleic acid mol 
ecule may contain a small nucleolar RNA (sno-RNA), micro 
RNA (miRNA), small interfering RNA (siRNA) or Piwi 
interacting RNA (piRNA). 

Pharmaceutical Compositions 

Formulation, Administration, Delivery and Dosing 
0356. The present invention provides modified nucleic 
acids and mmRNA compositions and complexes in combina 
tion with one or more pharmaceutically acceptable excipi 
ents. Pharmaceutical compositions may optionally comprise 
one or more additional active Substances, e.g. therapeutically 
and/or prophylactically active Substances. General consider 
ations in the formulation and/or manufacture of pharmaceu 
tical agents may be found, for example, in Remington. The 
Science and Practice of Pharmacy 21 ed., Lippincott Will 
iams & Wilkins, 2005 (incorporated herein by reference in its 
entirety). 
0357. In some embodiments, compositions are adminis 
tered to humans, human patients or Subjects. For the purposes 
of the present disclosure, the phrase “active ingredient' gen 
erally refers to modified nucleic acids and mmRNA to be 
delivered as described herein. 
0358 Although the descriptions of pharmaceutical com 
positions provided herein are principally directed to pharma 
ceutical compositions which are suitable for administration to 
humans, it will be understood by the skilled artisan that such 
compositions are generally suitable for administration to any 
other animal, e.g., to non-human animals, e.g. non-human 
mammals. 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 phar 
macologist can design and/or perform such modification with 
merely ordinary, if any, experimentation. Subjects to which 
administration of the pharmaceutical compositions is con 
templated include, but are not limited to, humans and/or other 
primates; mammals, including commercially relevant mam 
mals such as cattle, pigs, horses, sheep, cats, dogs, mice, 
and/or rats; and/or birds, including commercially relevant 
birds such as poultry, chickens, ducks, geese, and/or turkeys. 
0359 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 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. 
0360 A pharmaceutical composition in accordance with 
the invention may be prepared, packaged, and/or sold in bulk, 
as a single unit dose, and/or as a plurality of single unit doses. 
As used herein, a “unit dose' is discrete amount of the phar 
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maceutical composition comprising a predetermined amount 
of the active ingredient. The amount of the active ingredientis 
generally equal to the dosage of the active ingredient which 
would be administered to a Subject and/or a convenient frac 
tion of Such a dosage such as, for example, one-half or one 
third of Such a dosage. 
0361 Relative amounts of the active ingredient, the phar 
maceutically acceptable excipient, and/or any additional 
ingredients in a pharmaceutical composition in accordance 
with the invention will vary, depending upon the identity, size, 
and/or condition of the subject treated and further depending 
upon the route by which the composition is to be adminis 
tered. By way of example, the composition may comprise 
between 0.1% and 100%, e.g., between 0.5 and 50%, between 
1-30%, between 5-80%, at least 80% (w/w) active ingredient. 

Formulations 

0362. The modified nucleic acid, and mmRNA of the 
invention 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., from a depot formula 
tion of the modified nucleic acid, or mmRNA); (4) alter the 
biodistribution (e.g., target the modified nucleic acid, or 
mmRNA to specific tissues or cell types); (5) increase the 
translation of encoded protein in vivo; and/or (6) alter the 
release profile of encoded protein in vivo. In addition to 
traditional excipients such as any and all solvents, dispersion 
media, diluents, or other liquid vehicles, dispersion or Sus 
pension aids, Surface active agents, isotonic agents, thicken 
ing or emulsifying agents, preservatives, excipients of the 
present invention can include, without limitation, lipidoids, 
liposomes, lipid nanoparticles, polymers, lipoplexes, core 
shell nanoparticles, peptides, proteins, cells transfected with 
modified nucleic acid, or mmRNA (e.g., for transplantation 
into a subject), hyaluronidase, nanoparticle mimics and com 
binations thereof. Accordingly, the formulations of the inven 
tion can include one or more excipients, each in an amount 
that together increases the stability of the modified nucleic 
acid, or mmRNA, increases cell transfection by the modified 
nucleic acid, or mmRNA, increases the expression of modi 
fied nucleic acid, or mmRNA encoded protein, and/or alters 
the release profile of modified nucleic acid, or mmRNA 
encoded proteins. Further, the modified nucleic acids and 
mmRNA of the present invention may be formulated using 
self-assembled nucleic acid nanoparticles. 
0363 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 associating the 
active ingredient with an excipient and/or one or more other 
accessory ingredients. 
0364. A pharmaceutical composition in accordance with 
the present disclosure may be prepared, packaged, and/or 
sold in bulk, as a single unit dose, and/or as a plurality of 
single unit doses. As used herein, a “unit dose' refers to a 
discrete amount of the pharmaceutical composition compris 
ing a predetermined amount of the active ingredient. The 
amount of the active ingredient may generally be equal to the 
dosage of the active ingredient which would be administered 
to a Subject and/or a convenient fraction of Such a dosage 
including, but not limited to, one-half or one-third of Such a 
dosage. 
0365 Relative amounts of the active ingredient, the phar 
maceutically acceptable excipient, and/or any additional 
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ingredients in a pharmaceutical composition in accordance 
with the present disclosure may vary, depending upon the 
identity, size, and/or condition of the Subject being treated and 
further depending upon the route by which the composition is 
to be administered. For example, the composition may com 
prise between 0.1% and 99% (w/w) of the active ingredient. 
0366. In some embodiments, the modified mRNA formu 
lations described herein may contain at least one modified 
mRNA. The formulations may contain 1,2,3,4 or 5 modified 
mRNA. In one embodiment, the formulation contains at least 
three modified mRNA encoding proteins. In one embodi 
ment, the formulation contains at least five modified mRNA 
encoding proteins. 
0367 Pharmaceutical formulations may additionally 
comprise a pharmaceutically acceptable excipient, which, as 
used herein, includes, but is not limited to, any and all sol 
vents, dispersion media, diluents, or other liquid vehicles, 
dispersion or Suspension aids, Surface active agents, isotonic 
agents, thickening or emulsifying agents, preservatives, and 
the like, as suited to the particular dosage form desired. Vari 
ous excipients for formulating pharmaceutical compositions 
and techniques for preparing the composition are known in 
the art (see Remington: The Science and Practice of Phar 
macy, 21 Edition, A. R. Gennaro, Lippincott, Williams & 
Wilkins, Baltimore, Md., 2006; incorporated herein by refer 
ence 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 deriva 
tives, such as by producing any undesirable biological effect 
or otherwise interacting in a deleterious manner with any 
other component(s) of the pharmaceutical composition. 
0368. 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 biological reaction 
Such as, but not limited to, inflammation or may increase the 
biological effect of the modified mRNA delivered to mam 
mals. 
0369 Pharmaceutically acceptable excipients used in the 
manufacture of pharmaceutical compositions include, but are 
not limited to, inert diluents, Surface active agents and/or 
emulsifiers, preservatives, buffering agents, lubricating 
agents, and/or oils. Such excipients may optionally be 
included in the pharmaceutical formulations of the invention. 

Lipidoids 

0370. The synthesis of lipidoids has been extensively 
described and formulations containing these compounds are 
particularly suited for delivery of modified nucleic acid mol 
ecules or mmRNA (see Mahon et al., Bioconjug Chem. 2010 
21:1448-1454; Schroeder et al., J Intern Med. 2010 267:9-21; 
Akinc et al., Nat Biotechnol. 2008 26:561-569; Love et al., 
Proc Natl Acad Sci USA. 2010 107:1864-1869; Siegwart et 
al., Proc Natl Acad Sci USA. 2011 108:12996-3001: all of 
which are incorporated herein in their entireties). 
0371 While these lipidoids have been used to effectively 
deliver double stranded small interfering RNA molecules in 
rodents and non-human primates (see Akinc et al., Nat. Bio 
technol. 2008 26:561-569; Frank-Kamenetsky et al., Proc 
Natl Acad Sci USA. 2008 105:11915-11920; Akinc et al., 
Mol Ther. 2009 17:872-879; Love et al., Proc Natl Acad Sci 
USA. 2010 107:1864-1869; Leuschner et al., Nat Biotechnol. 
2011 29:1005-1010; all of which is incorporated herein in 
their entirety), the present disclosure describes their formu 
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lation and use in delivering single stranded modified nucleic 
acid molecules or mmRNA. Complexes, micelles, liposomes 
or particles can be prepared containing these lipidoids and 
therefore, can result in an effective delivery of the modified 
nucleic acid molecules or mmRNA, as judged by the produc 
tion of an encoded protein, following the injection of a lipi 
doid formulation via localized and/or systemic routes of 
administration. Lipidoid complexes of modified nucleic acid 
molecules or mmRNA can be administered by various means 
including, but not limited to, intravenous, intramuscular, or 
Subcutaneous routes. 

0372. In vivo delivery of nucleic acids may be affected by 
many parameters, including, but not limited to, the formula 
tion composition, nature of particle PEGylation, degree of 
loading, oligonucleotide to lipid ratio, and biophysical 
parameters such as, but not limited to, particle size (Akinc et 
al., Mol. Ther. 2009 17:872-879; herein incorporated by ref 
erence in its entirety). As an example, Small changes in the 
anchor chain length of poly(ethylene glycol) (PEG) lipids 
may result in significant effects on in vivo efficacy. Formula 
tions with the different lipidoids, including, but not limited to 
penta3-(1-laurylaminopropionyl)-triethylenetetramine 
hydrochloride (TETA-5LAP; aka 98N12-5, see Murugaiah et 
al., Analytical Biochemistry, 401:61 (2010); herein incorpo 
rated by reference in its entirety), C12-200 (including deriva 
tives and variants), and MD1, can be tested for in vivo activity. 
0373 The lipidoid referred to herein as “98N12-5” is dis 
closed by Akinc et al., Mol Ther. 2009 17:872-879 and is 
incorporated by reference in its entirety (See FIG. 1). 
0374. The lipidoid referred to herein as “C12-200” is dis 
closed by Love et al., Proc Natl Acad Sci USA. 2010 107: 
1864-1869 and Liu and Huang, Molecular Therapy. 2010 
669-670 (see FIG. 1); both of which are herein incorporated 
by reference in their entirety. The lipidoid formulations can 
include particles comprising either 3 or 4 or more compo 
nents in addition to modified nucleic acid molecules or 
mmRNA. As an example, formulations with certain lipidoids, 
include, but are not limited to, 98N12-5 and may contain 42% 
lipidoid, 48% cholesterol and 10% PEG (C14 alkyl chain 
length). As another example, formulations with certain lipi 
doids, include, but are not limited to, C12-200 and may con 
tain 50% lipidoid, 10% disteroylphosphatidylcholine, 38.5% 
cholesterol, and 1.5% PEG-DMG. 
0375. In one embodiment, a modified nucleic acid mol 
ecule or mmRNA formulated with a lipidoid for systemic 
intravenous administration can target the liver. For example, 
a final optimized intravenous formulation using modified 
nucleic acid molecule or mmRNA, and comprising a lipid 
molar composition of 42% 98N12-5, 48% cholesterol, and 
10% PEG-lipid with a final weight ratio of about 7.5 to 1 total 
lipid to modified nucleic acid, or mmRNA, and a C14 alkyl 
chain length on the PEG lipid, with a mean particle size of 
roughly 50-60 nm, can result in the distribution of the formu 
lation to be greater than 90% to the liver. (see, Akinc et al., 
MolTher. 2009 17:872-879; hereinincorporated by reference 
in its entirety). In another example, an intravenous formula 
tion using a C12-200 (see U.S. provisional application 
61/175,770 and published international application 
WO2010 129709, each of which is herein incorporated by 
reference in their entirety) lipidoid may have a molar ratio of 
50/10/38.5/1.5 of C12-200/disteroylphosphatidyl choline/ 
cholesterol/PEG-DMG, with a weight ratio of 7 to 1 total lipid 
to modified nucleic acid molecule or mmRNA, and a mean 
particle size of 80 nm may be effective to deliver modified 
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nucleic acid molecule or mmRNA to hepatocytes (see, Love 
et al., Proc Natl Acad Sci USA. 2010 107:1864-1869 herein 
incorporated by reference in its entirety). In another embodi 
ment, an MD1 lipidoid-containing formulation may be used 
to effectively deliver modified nucleic acid molecule or 
mmRNA to hepatocytes in vivo. The characteristics of opti 
mized lipidoid formulations for intramuscular or Subcutane 
ous routes may vary significantly depending on the target cell 
type and the ability of formulations to diffuse through the 
extracellular matrix into the blood stream. While a particle 
size of less than 150 nm may be desired for effective hepato 
cyte delivery due to the size of the endothelial fenestrae (see, 
Akincet al., Mol Ther. 2009 17:872-879 herein incorporated 
by reference in its entirety), use of a lipidoid-formulated 
modified nucleic acid molecules or mmRNA to deliver the 
formulation to other cells types including, but not limited to, 
endothelial cells, myeloid cells, and muscle cells may not be 
similarly size-limited. Use of lipidoid formulations to deliver 
siRNA in vivo to other non-hepatocyte cells such as myeloid 
cells and endothelium has been reported (see Akinc et al., Nat 
Biotechnol. 2008 26:561-569; Leuschner et al., Nat Biotech 
nol. 2011 29:1005-1010; Cho et al. Adv. Funct. Mater. 2009 
19:3112-31 18; 8' International Judah Folkman Conference, 
Cambridge, Mass. Oct. 8-9, 2010; each of which is herein 
incorporated by reference in its entirety). Effective delivery to 
myeloid cells, such as monocytes, lipidoid formulations may 
have a similar component molar ratio. Different ratios of 
lipidoids and other components including, but not limited to, 
disteroylphosphatidyl choline, cholesterol and PEG-DMG, 
may be used to optimize the formulation of the modified 
nucleic acid, or mmRNA for delivery to different cell types 
including, but not limited to, hepatocytes, myeloid cells, 
muscle cells, etc. For example, the component molar ratio 
may include, but is not limited to, 50% C12-200, 10% dis 
teroylphosphatidyl choline, 38.5% cholesterol, and %1.5 
PEG-DMG (see Leuschner et al., Nat Biotechnol 2011 
29:1005-1010; herein incorporated by reference in its 
entirety). The use of lipidoid formulations for the localized 
delivery of nucleic acids to cells (such as, but not limited to, 
adipose cells and muscle cells) via either Subcutaneous or 
intramuscular delivery, may not require all of the formulation 
components desired for systemic delivery, and as such may 
comprise only the lipidoid and the modified nucleic acid 
molecule or mmRNA. 
0376 Combinations of different lipidoids may be used to 
improve the efficacy of modified nucleic acid molecule or 
mmRNA directed protein production as the lipidoids may be 
able to increase cell transfection by the modified nucleic acid 
molecule or mmRNA; and/or increase the translation of 
encoded protein (see Whitehead et al., Mol. Ther. 2011, 
19:1688-1694, herein incorporated by reference in its 
entirety). 

Liposomes, Lipoplexes, and Lipid Nanoparticles 

0377 The modified nucleic acid molecules and mmRNA 
of the invention can be formulated using one or more lipo 
Somes, lipoplexes, or lipid nanoparticles. In one embodiment, 
pharmaceutical compositions of modified nucleic acid mol 
ecule or mmRNA include liposomes. Liposomes are artifi 
cially-prepared vesicles which may primarily be composed of 
a lipid bilayer and may be used as a delivery vehicle for the 
administration of nutrients and pharmaceutical formulations. 
Liposomes can be of different sizes Such as, but not limited to, 
a multilamellar vesicle (MLV) which may be hundreds of 
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nanometers in diameter and may contain a series of concen 
tric bilayers separated by narrow aqueous compartments, a 
small unicellular vesicle (SUV) which may be smaller than 50 
nm in diameter, and a large unilamellar vesicle (LUV) which 
may be between 50 and 500 nm in diameter. Liposome design 
may include, but is not limited to, opsonins or ligands in order 
to improve the attachment of liposomes to unhealthy tissue or 
to activate events such as, but not limited to, endocytosis. 
Liposomes may contain a low or a high pH in order to 
improve the delivery of the pharmaceutical formulations. 
0378. The formation of liposomes may depend on the 
physicochemical characteristics such as, but not limited to, 
the pharmaceutical formulation entrapped and the liposomal 
ingredients, the nature of the medium in which the lipid 
vesicles are dispersed, the effective concentration of the 
entrapped substance and its potential toxicity, any additional 
processes involved during the application and/or delivery of 
the vesicles, the optimization size, polydispersity and the 
shelf-life of the vesicles for the intended application, and the 
batch-to-batch reproducibility and possibility of large-scale 
production of safe and efficient liposomal products. 
0379. In one embodiment, pharmaceutical compositions 
described herein may include, without limitation, liposomes 
such as those formed from 1,2-dioleyloxy-N,N-dimethylami 
nopropane (DODMA) liposomes, DiLa2 liposomes from 
Marina Biotech (Bothell, Wash.), 1,2-dilinoleyloxy-3-dim 
ethylaminopropane (DLin-DMA), 2,2-dilinoleyl-4-(2-dim 
ethylaminoethyl)-1,3-dioxolane (DLin-KC2-DMA), and 
MC3 (US20100324120; herein incorporated by reference in 
its entirety) and liposomes which may deliver Small molecule 
drugs such as, but not limited to, DOXILR) from Janssen 
Biotech, Inc. (Horsham, Pa.). In one embodiment, pharma 
ceutical compositions described herein may include, without 
limitation, liposomes Such as those formed from the synthesis 
of stabilized plasmid-lipid particles (SPLP) or stabilized 
nucleic acid lipid particle (SNALP) that have been previously 
described and shown to be suitable for oligonucleotide deliv 
ery invitro and in vivo (see Wheeleretal. Gene Therapy. 1999 
6:271-281; Zhang et al. Gene Therapy. 1999 6:1438–1447: 
Jeffset al. Pharm Res. 2005 22:362-372: Morrissey et al., Nat 
Biotechnol. 2005 2:1002-1007; Zimmermann et al., Nature. 
2006 441:111-114; Heyes et al. J. Contr Rel. 2005 107:276 
287: Semple etal. Nature Biotech. 2010 28:172-176: Judgeet 
al. J. Clin Invest. 2009 119:661-673: deFougerolles Hum 
Gene Ther: 2008 19:125-132; all of which are incorporated 
herein in their entireties.) The original manufacture method 
by Wheeler et al. was a detergent dialysis method, which was 
later improved by Jeffs et al. and is referred to as the sponta 
neous vesicle formation method. The liposome formulations 
are composed of 3 to 4 lipid components in addition to the 
modified nucleic acid molecule or mmRNA. As an example a 
liposome can contain, but is not limited to, 55% cholesterol, 
20% disteroylphosphatidyl choline (DSPC), 10% PEG-S- 
DSG, and 15%. 1,2-dioleyloxy-N,N-dimethylaminopropane 
(DODMA), as described by Jeffs et al. As another example, 
certain liposome formulations may contain, but are not lim 
ited to, 48% cholesterol, 20% DSPC, 2% PEG-c-DMA, and 
30% cationic lipid, where the cationic lipid can be 1,2-dis 
tearloxy-N,N-dimethylaminopropane (DSDMA), DODMA, 
DLin-DMA, or 1,2-dilinolenyloxy-3-dimethylaminopropane 
(DLenDMA), as described by Heyes et al. 
0380. In one embodiment, pharmaceutical compositions 
may include liposomes which may be formed to deliver 
mmRNA which may encode at least one immunogen. The 
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mmRNA may be encapsulated by the liposome and/or it may 
be contained in an aqueous core which may then be encapsu 
lated by the liposome (see International Pub. Nos. 
WO2012031046, WO2012031043, WO2012030901 and 
WO2012006378; each of which is herein incorporated by 
reference in their entirety). In another embodiment, the 
mmRNA which may encode an immunogen may be formu 
lated in a cationic oil-in-water emulsion where the emulsion 
particle comprises an oil core and a cationic lipid which can 
interact with the mmRNA anchoring the molecule to the 
emulsion particle (see International Pub. No. 
WO2012006380; herein incorporated by reference in its 
entirety). In yet another embodiment, the lipid formulation 
may include at least cationic lipid, a lipid which may enhance 
transfection and a least one lipid which contains a hydrophilic 
head group linked to a lipid moiety (International Pub. No. 
WO2011076807 and U.S. Pub. No. 20110200582; each of 
which is herein incorporated by reference in their entirety). In 
another embodiment, the modified mRNA encoding an 
immunogen may be formulated in a lipid vesicle which may 
have crosslinks between functionalized lipid bilayers (see 
U.S. Pub. No. 20120177724, herein incorporated by refer 
ence in its entirety). 
0381. In one embodiment, the modified mRNA may be 
formulated in a lipid vesicle which may have crosslinks 
between functionalized lipid bilayers. 
0382. In one embodiment, the modified mRNA may be 
formulated in a lipid-polycation complex. The formation of 
the lipid-polycation complex may be accomplished by meth 
ods known in the art and/or as described in U.S. Pub. No. 
20120178702, herein incorporated by reference in its 
entirety. As a non-limiting example, the polycation may 
include a cationic peptide or a polypeptide such as, but not 
limited to, polylysine, polyornithine and/or polyarginine and 
the cationic peptides described in International Pub. No. 
WO2012013326; herein incorporated by reference in its 
entirety. In another embodiment, the modified mRNA may be 
formulated in a lipid-polycation complex which may further 
include a neutral lipid such as, but not limited to, cholesterol 
or dioleoyl phosphatidylethanolamine (DOPE). 
0383. The liposome formulation may be influenced by, but 
not limited to, the selection of the cationic lipid component, 
the degree of cationic lipid saturation, the nature of the PEGy 
lation, ratio of all components and biophysical parameters 
Such as size. In one example by Semple et al. (Semple et al. 
Nature Biotech. 2010 28:172-176; herein incorporated by 
reference in its entirety), the liposome formulation was com 
posed of 57.1% cationic lipid, 7.1% dipalmitoylphosphati 
dylcholine, 34.3% cholesterol, and 1.4% PEG-c-DMA. As 
another example, changing the composition of the cationic 
lipid could more effectively deliversiRNA to various antigen 
presenting cells (Basha et al. Mol Ther. 2011 19:2186-2200; 
herein incorporated by reference in its entirety). 
0384. In some embodiments, the ratio of PEG in the lipid 
nanoparticle (LNP) formulations may be increased or 
decreased and/or the carbon chain length of the PEG lipid 
may be modified from C14 to C18 to alter the pharmacoki 
netics and/or biodistribution of the LNP formulations. As a 
non-limiting example, LNP formulations may contain 1-5% 
of the lipid molar ratio of PEG-c-DOMG as compared to the 
cationic lipid, DSPC and cholesterol. In another embodiment 
the PEG-c-DOMG may be replaced with a PEG lipid such as, 
but not limited to, PEG-DSG (1,2-Distearoyl-sn-glycerol, 
methoxypolyethylene glycol) or PEG-DPG (1,2-Dipalmi 
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toyl-sn-glycerol, methoxypolyethylene glycol). The cationic 
lipid may be selected from any lipid known in the art Such as, 
but not limited to, DLin-MC3-DMA, DLin-DMA, C12-200 
and DLin-KC2-DMA. 

0385. In one embodiment, the cationic lipid may be 
selected from, but not limited to, a cationic lipid described in 
International Publication NoS. WO2012040184, 
WO2011 153120, WO2011 149733, WO2011090965, 
WO2011043913, WO2011022460, WO2012061259, 
WO2012054365, WO201204.4638, WO2010080724, 
WO201021865 and WO2008103276, U.S. Pat. Nos. 7,893, 
302, 7,404,969 and 8,283,333 and US Patent Publication No. 
US20100036115 and US20120202871; each of which is 
herein incorporated by reference in their entirety. In another 
embodiment, the cationic lipid may be selected from, but not 
limited to, formula A described in International Publication 
Nos. WO2012040184, WO2011 153120, WO2011 149733, 
WO2011090965, WO2011043913, WO2011022460, 
WO2012061259, WO2012054365 and WO201204.4638; 
each of which is herein incorporated by reference in their 
entirety. In yet another embodiment, the cationic lipid may be 
selected from, but not limited to, formula CLI-CLXXIX of 
International Publication No. WO2008103276, formula CLI 
CLXXIX of U.S. Pat. No. 7,893,302, formula CLI 
CLXXXXII of U.S. Pat. No. 7,404,969 and formula I-VI of 
US Patent Publication No. US2010.0036115; each of which is 
herein incorporated by reference in their entirety. As a non 
limiting example, the cationic lipid may be selected from 
(20Z.23Z)- N,N-dimethylnonacosa-20.23-dien-10-amine, 
(17Z.20Z) N,N-dimemylhexacosa-17.20-dien-9-amine, 
(1Z,197). N5N-dimethylpentacosa-16,19-dien-8-amine, 
(13Z,16Z) N,N-dimethyldocosa-13,16-dien-5-amine, 
(12Z,15Z) N,N-dimethylhenicosa-12, 15-dien-4-amine, 
(14Z,17Z) N,N-dimethyltricosa-14,17-dien-6-amine, 
(15Z,18Z) N,N-dimethyltetracosa-15,18-dien-7-amine, 
(187.217). N,N-dimethylheptacosa-18,21-dien-10-amine, 
(15Z,18Z) N,N-dimethyltetracosa-15,18-dien-5-amine, 
(14Z,17Z) N,N-dimethyltricosa-14,17-dien-4-amine, 
(197.22Z) N,N-dimethyloctacosa-19.22-dien-9-amine, 
(187.217). N,N-dimethylheptacosa-18,21-dien-8-amine, 
(17Z.20Z) N,N-dimethylhexacosa-17.20-dien-7-amine, 
(16Z,197) N,N-dimethylpentacosa-16,19-dien-6-amine, 
(22Z.25Z) N,N-dimethylhentriaconta-22,25-dien-10 
amine, (21Z.24Z) N,N-dimethyltriaconta-21.24-dien-9- 
amine, (187) N.N-dimethylheptacos-18-en-10-amine, 
(17Z) N.N-dimethylhexacos-17-en-9-amine, (197.22Z)- 
N,N-dimethyloctacosa-19.22-dien-7-amine, N,N-dimethyl 
heptacosan-10-amine, (20Z.23Z) N-ethyl-N-methylnona 
cosa-20.23-dien-10-amine, 1-(11Z.14Z)-1-nonylicosa-11, 
14-dien-1-ylpyrrolidine, (20Z) N,N-dimethylheptacos 
20-en-10-amine, (15Z) N,N-dimethyl eptacos-15-en-10 
amine, (14Z) N.N-dimethylnonacos-14-en-10-amine, 
(17Z) N.N-dimethylnonacos-17-en-10-amine, (24Z) N. 
N-dimethyltritriacont-24-en-10-amine, (20Z) N,N-dim 
ethylnonacos-20-en-10-amine, (22Z) N,N-dimethylhen 
triacont-22-en-10-amine, (16Z) N,N-dimethylpentacos 
16-en-8-amine, (12Z,15Z) N,N-dimethyl-2- 
nonylhenicosa-12, 15-dien-1-amine, (13Z,16Z) N,N- 
dimethyl-3-nonyldocosa-13,16-dien-1-amine, N,N- 
dimethyl-1-(1S,2R)-2-octylcyclopropyleptadecan-8- 
amine, 1-(1S,2R)-2-hexylcyclopropyl-N,N- 
dimethylnonadecan-10-amine, N,N-dimethyl-1-(1S,2R)-2- 
octylcyclopropylnonadecan-10-amine, N,N-dimethyl-21 
(1S,2R)-2-octylcyclopropylhenicosan-10-amine, N,N- 
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dimethyl-1-(1S,2S)-2-[(1R,2R)-2-pentylcyclopropyl 
methylcyclopropylnonadecan-10-amine, N,N-dimethyl-1- 
(1S,2R)-2-octylcyclopropylhexadecan-8-amine, N,N- 
dimethyl-[(1R,2S)-2-undecylcyclopropyltetradecan-5- 
amine, N,N-dimethyl-3-7-(1S,2R)-2-octylcyclopropyl 
heptylidodecan-1-amine, 1-[(1R,2S)-2-heptylcyclopropyl 
N,N-dimethyloctadecan-9-amine, 1-(1S,2R)-2- 
decylcyclopropyl-N,N-dimethylpentadecan-6-amine, N.N- 
dimethyl-1-(1S,2R)-2-octylcyclopropylpentadecan-8- 
amine, R. N.N-dimethyl-1-(9Z,12Z)-octadeca-9,12-dien 
1-yloxy-3-(octyloxy)propan-2-amine, S N,N-dimethyl-1- 
(9Z,12Z)-octadeca-9,12-dien-1-yloxy-3-(octyloxy) 
propan-2-amine, 1-2-(9Z,12Z)-octadeca-9,12-dien-1- 
yloxy)-1-(octyloxy)methylethylpyrrolidine, (2S) N.N- 
dimethyl-1-(9Z,12Z)-octadeca-9,12-dien-1-yloxy-3- 
(5Z)-oct-5-en-1-yloxypropan-2-amine, 1-2-(9Z,12Z)- 
octadeca-9,12-dien-1-yloxy)-1-(octyloxy)methyl 
ethylazetidine, (2S)-1-(hexyloxy)-N,N-dimethyl-3-(9Z, 
12Z)-octadeca-9,12-dien-1-yloxypropan-2-amine, (2S)-1- 
(heptyloxy)-N,N-dimethyl-3-(9Z,12Z)-octadeca-9,12 
dien-1-yloxypropan-2-amine, N,N-dimethyl-1-(nonyloxy)- 
3-(9Z,12Z)-octadeca-9,12-dien-1-yloxypropan-2-amine, 
N,N-dimethyl-1-(9Z)-octadec-9-en-1-yloxy-3-(octyloxy) 
propan-2-amine; (2S)- N,N-dimethyl-1-(6Z.97,12Z)-octa 
deca-6.9,12-trien-1-yloxy-3-(octyloxy)propan-2-amine, 
(2S)-1-(11Z., 14Z)-icosa-11, 14-dien-1-yloxy-N,N-dim 
ethyl-3-(pentyloxy)propan-2-amine, (2S)-1-(hexyloxy)-3- 
(11Z., 14Z)-icosa-11, 14-dien-1-yloxy-N,N-dimethylpro 
pan-2-amine, 1-(11Z.14Z)-icosa-11,14-dien-1-yloxy-N,N- 
dimethyl-3-(octyloxy)propan-2-amine, 1-(13Z,16Z)- 
docosa-13,16-dien-1-yloxy-N,N-dimethyl-3-(octyloxy) 
propan-2-amine, (2S)-1-(13Z,16Z)-docosa-13,16-dien-1- 
yloxy-3-(hexyloxy)-N,N-dimethylpropan-2-amine, (2S)-1- 
(13Z)-docos-13-en-1-yloxy-3-(hexyloxy)-N,N- 
dimethylpropan-2-amine, 1-(13Z)-docos-13-en-1-yloxy 
N,N-dimethyl-3-(octyloxy)propan-2-amine, 1-(9Z)- 
hexadec-9-en-1-yloxy-N,N-dimethyl-3-(octyloxy)propan 
2-amine, (2R)- N,N-dimethyl-H(1-metoyloctyl)oxy-3- 
(9Z,12Z)-octadeca-9,12-dien-1-yloxypropan-2-amine, 
(2R)-1-(3,7-dimethyloctyl)oxy-N,N-dimethyl-3-(9Z, 
12Z)-octadeca-9,12-dien-1-yloxypropan-2-amine, N.N- 
dimethyl-1-(octyloxy)-3-((8-(1S,2S)-2-[(1R,2R)-2-pen 
tylcyclopropyl)methylcyclopropyloctyloxy)propan-2- 
amine, N,N-dimethyl-1-8-(2-oclylcyclopropyl)octyl 
oxy-3-(octyloxy)propan-2-amine and (11E.20Z.23Z) N. 
N-dimethylnonacosa-1120,2-trien-10-amine O a 
pharmaceutically acceptable salt or stereoisomer thereof. 
0386. In one embodiment, the cationic lipid may be syn 
thesized by methods known in the art and/or as described in 
International Publication NoS. WO2012040184, 
WO2011 153120, WO2011 149733, WO2011090965, 
WO2011043913, WO2011022460, WO2012061259, 
WO2012054365, WO2012044638, WO2010080724 and 
WO201021865; each of which is herein incorporated by ref 
erence in their entirety. 
0387. In one embodiment, the LNP formulation may con 
tain PEG-c-DOMG at 3% lipid molar ratio. In another 
embodiment, the LNP formulation may contain PEG-c- 
DOMG at 1.5% lipid molar ratio. 
0388. In one embodiment, the LNP formulation may con 
tain PEG-DMG 2000 (1,2-dimyristoyl-sn-glycero-3-pho 
phoethanolamine-N-methoxy (polyethylene glycol)-2000). 
In one embodiment, the LNP formulation may contain PEG 
DMG 2000, a cationic lipid known in the art and at least one 
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other component. In another embodiment, the LNP formula 
tion may contain PEG-DMG 2000, a cationic lipid known in 
the art, DSPC and cholesterol. As a non-limiting example, the 
LNP formulation may contain PEG-DMG 2000, DLin 
DMA, DSPC and cholesterol. As another non-limiting 
example the LNP formulation may contain PEG-DMG 2000, 
DLin-DMA, DSPC and cholesterol in a molar ratio of 2:40: 
10:48 (see e.g. Geal et al., Nonviral delivery of self-ampli 
fying RNA vaccines, PNAS 2012: PMID: 22908294; herein 
incorporated by reference in its entirety). 
(0389. In one embodiment, the LNP formulation may be 
formulated by the methods described in International Publi 
cation Nos. WO2011 127255 or WO2008103276, each of 
which is herein incorporated by reference in their entirety. As 
a non-limiting example, modified RNA described herein may 
be encapsulated in LNP formulations as described in 
WO2011 127255 and/or WO2008103276; each of which is 
herein incorporated by reference in their entirety. As another 
non-limiting example, modified RNA described herein may 
beformulated in a nanoparticle to be delivered by a parenteral 
route as described in U.S. Pub. No. 20120207845; herein 
incorporated by reference in its entirety. 
0390. In one embodiment, LNP formulations described 
herein may comprise a polycationic composition. As a non 
limiting example, the polycationic composition may be 
Selected from formula 1-60 of US Patent Publication No. 
US20050222064; herein incorporated by reference in its 
entirety. In another embodiment, the LNP formulations com 
prising a polycationic composition may be used for the deliv 
ery of the modified RNA described herein in vivo and/or in 
vitro. 

0391. In one embodiment, the LNP formulations 
described herein may additionally comprise a permeability 
enhancer molecule. Non-limiting permeability enhancer 
molecules are described in US Patent Publication No. 
US20050222064; herein incorporated by reference in its 
entirety. 
0392. In one embodiment, the pharmaceutical composi 
tions may be formulated in liposomes Such as, but not limited 
to, DiLa2 liposomes (Marina Biotech, Bothell, Wash.), 
SMARTICLES(R) (Marina Biotech, Bothell, Wash.), neutral 
DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine) based 
liposomes (e.g., siRNA delivery for ovarian cancer (Landen 
et al. Cancer Biology & Therapy 2006 5(12) 1708-1713): 
herein incorporated by reference in its entirety) and hyaluro 
nan-coated liposomes (Quiet Therapeutics, Israel). 
0393. The nanoparticle formulations may be a carbohy 
drate nanoparticle comprising a carbohydrate carrier and a 
modified nucleic acid molecule (e.g., mmRNA). As a non 
limiting example, the carbohydrate carrier may include, but is 
not limited to, an anhydride-modified phytoglycogen or gly 
cogen-type material, phtoglycogen octenyl Succinate, phy 
toglycogen beta-dextrin, anhydride-modified phytoglycogen 
beta-dextrin. (See e.g., International Publication No. 
WO2012109121; herein incorporated by reference in its 
entirety). 
0394 Lipid nanoparticle formulations may be improved 
by replacing the cationic lipid with a biodegradable cationic 
lipid which is known as a rapidly eliminated lipid nanopar 
ticle (re NP). Ionizable cationic lipids, such as, but not lim 
ited to, DLinDMA, DLin-KC2-DMA, and DLin-MC3 
DMA, have been shown to accumulate in plasma and tissues 
over time and may be a potential source of toxicity. The rapid 
metabolism of the rapidly eliminated lipids can improve the 
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tolerability and therapeutic index of the lipid nanoparticles by 
an order of magnitude from a 1 mg/kg dose to a 10 mg/kg dose 
in rat. Inclusion of an enzymatically degraded ester linkage 
can improve the degradation and metabolism profile of the 
cationic component, while still maintaining the activity of the 
rel NP formulation. The ester linkage can be internally 
located within the lipid chain or it may be terminally located 
at the terminal end of the lipid chain. The internal ester link 
age may replace any carbon in the lipid chain. 
0395. In one embodiment, the internal ester linkage may 
belocated on either side of the saturated carbon. Non-limiting 
examples of re. NPs include, 
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mucosal tissue within seconds or within a few hours. Large 
polymeric nanoparticles (200 nm-500 nm in diameter) which 
have been coated densely with a low molecular weight poly 
ethylene glycol (PEG) diffused through mucus only 4 to 
6-fold lower than the same particles diffusing in water (Lai et 
al. PNAS 2007 104(5):1482-487; Lai et al. Adv. Drug Deliv 
Rev. 2009 61(2): 158-171; each of which is herein incorpo 
rated by reference in their entirety). The transport of nano 
particles may be determined using rates of permeation and/or 
fluorescent microscopy techniques including, but not limited 
to, fluorescence recovery after photobleaching (FRAP) and 
high resolution multiple particle tracking (MPT). As a non 
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0396. In one embodiment, an immune response may be 
elicited by delivering a lipid nanoparticle which may include 
a nanospecies, a polymer and an immunogen. (U.S. Publica 
tion No. 2012O189700 and International Publication No. 
WO20120998.05; each of which is herein incorporated by 
reference in their entirety). The polymer may encapsulate the 
nanospecies or partially encapsulate the nanospecies. The 
immunogen may be a recombinant protein, a modified RNA 
described herein. In one embodiment, the lipid nanoparticle 
may beformulated for use in a vaccine Such as, but not limited 
to, against a pathogen. 
0397 Lipid nanoparticles may be engineered to alter the 
Surface properties of particles so the lipid nanoparticles may 
penetrate the mucosal barrier. Mucus is located on mucosal 
tissue such as, but not limited to, oral (e.g., the buccal and 
esophageal membranes and tonsil tissue), ophthalmic, gas 
trointestinal (e.g., stomach, Small intestine, large intestine, 
colon, rectum), nasal, respiratory (e.g., nasal, pharyngeal, 
tracheal and bronchial membranes), genital (e.g., vaginal, 
cervical and urethral membranes). Nanoparticles larger than 
10-200 nm which are preferred for higher drug encapsulation 
efficiency and the ability to provide the sustained delivery of 
a wide array of drugs have been thought to be too large to 
rapidly diffuse through mucosal barriers. Mucus is continu 
ously secreted, shed, discarded or digested and recycled so 
most of the trapped particles may be removed from the 
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limiting example, compositions which can penetrate a 
mucosal barrier may be made as described in U.S. Pat. No. 
8,241,670, herein incorporated by reference in its entirety. 
0398. The lipid nanoparticle engineered to penetrate 
mucus may comprise a polymeric material (i.e. a polymeric 
core) and/or a polymer-vitamin conjugate and/or a tri-block 
co-polymer. The polymeric material may include, but is not 
limited to, polyamines, polyethers, polyamides, polyesters, 
polycarbamates, polyureas, polycarbonates, poly(styrenes), 
polyimides, polysulfones, polyurethanes, polyacetylenes, 
polyethylenes, polyethyeneimines, polyisocyanates, poly 
acrylates, polymethacrylates, polyacrylonitriles, and pol 
yarylates. The polymeric material may be biodegradable and/ 
or biocompatible. The polymeric material may additionally 
be irradiated. As a non-limiting example, the polymeric mate 
rial may be gamma irradiated (See e.g., International App. 
No. WO201282165, herein incorporated by reference in its 
entirety). Non-limiting examples of specific polymers 
include poly(caprolactone) (PCL), ethylene vinyl acetate 
polymer (EVA), poly(lactic acid) (PLA), poly(L-lactic acid) 
(PLLA), poly(glycolic acid) (PGA), poly(lactic acid-co-gly 
colic acid) (PLGA), poly(L-lactic acid-co-glycolic acid) 
(PLLGA), poly(D.L-lactide) (PDLA), poly(L-lactide) 
(PLLA), poly(D.L-lactide-co-caprolactone), poly(D.L-lac 
tide-co-caprolactone-co-glycolide), poly(D.L-lactide-co 
PEO-co-D.L-lactide), poly(D.L-lactide-co-PPO-co-D.L-lac 
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tide), polyalkyl cyanoacralate, polyurethane, poly-L-lysine 
(PLL), hydroxypropyl methacrylate (HPMA), polyethyl 
eneglycol, poly-L-glutamic acid, poly(hydroxy acids), poly 
anhydrides, polyorthoesters, poly(ester amides), polyamides, 
poly(ester ethers), polycarbonates, polyalkylenes Such as 
polyethylene and polypropylene, polyalkylene glycols such 
as poly(ethylene glycol) (PEG), polyalkylene oxides (PEO), 
polyalkylene terephthalates Such as poly(ethylene terephtha 
late), polyvinyl alcohols (PVA), polyvinyl ethers, polyvinyl 
esters such as poly(vinyl acetate), polyvinyl halides such as 
poly(vinyl chloride) (PVC), polyvinylpyrrolidone, polysilox 
anes, polystyrene (PS), polyurethanes, derivatized celluloses 
Such as alkyl celluloses, hydroxyalkyl celluloses, cellulose 
ethers, cellulose esters, nitro celluloses, hydroxypropylcellu 
lose, carboxymethylcellulose, polymers of acrylic acids. Such 
as poly(methyl(meth)acrylate) (PMMA), poly(ethyl(meth) 
acrylate), poly(butyl(meth)acrylate), poly(isobutyl(meth) 
acrylate), poly(hexyl(meth)acrylate), poly(isodecyl(meth) 
acrylate), poly(lauryl(meth)acrylate), poly(phenyl(meth) 
acrylate), poly(methyl acrylate), poly(isopropyl acrylate), 
poly(isobutyl acrylate), poly(octadecyl acrylate) and copoly 
mers and mixtures thereof, polydioxanone and its copoly 
mers, polyhydroxyalkanoates, polypropylene fumarate, 
polyoxymethylene, poloxamers, poly(ortho)esters, poly(bu 
tyric acid), poly(Valeric acid), poly(lactide-co-caprolactone), 
and trimethylene carbonate, polyvinylpyrrolidone. The lipid 
nanoparticle may be coated or associated with a co-polymer 
Such as, but not limited to, a block co-polymer, and (poly 
(ethylene glycol))-(poly(propylene oxide))-(poly(ethylene 
glycol)) triblock copolymer (see e.g., US Publication 
20120121718 and US Publication 20100003337 and U.S. 
Pat. No. 8.263,665; each of which is herein incorporated by 
reference in their entirety). The co-polymer may be a polymer 
that is generally regarded as safe (GRAS) and the formation 
of the lipid nanoparticle may be in Such a way that no new 
chemical entities are created. For example, the lipid nanopar 
ticle may comprise poloxamers coating PLGA nanoparticles 
without forming new chemical entities which are still able to 
rapidly penetrate human mucus (Yang et al. Angew. Chem. 
Int. Ed. 2011 50:2597-2600; hereinincorporated by reference 
in its entirety). 
0399. The vitamin of the polymer-vitamin conjugate may 
be vitamin E. The vitamin portion of the conjugate may be 
substituted with other suitable components such as, but not 
limited to, Vitamin A, Vitamin E, other vitamins, cholesterol, 
a hydrophobic moiety, or a hydrophobic component of other 
Surfactants (e.g., Sterol chains, fatty acids, hydrocarbon 
chains and alkylene oxide chains). 
0400. The lipid nanoparticle engineered to penetrate 
mucus may include Surface altering agents such as, but not 
limited to, mmRNA, anionic proteins (e.g. bovine serum 
albumin), Surfactants (e.g., cationic Surfactants such as for 
example dimethyldioctadecyl-ammonium bromide), Sugars 
or Sugar derivatives (e.g., cyclodextrin), nucleic acids, poly 
mers (e.g., heparin, polyethylene glycol and poloxamer), 
mucolytic agents (e.g., N-acetylcysteine, mugwort, brome 
lain, papain, clerodendrum, acetylcysteine, bromhexine, car 
bocisteine, eprazinone, mesna, ambroXol, Sobrerol, domi 
odol, letosteine, Stepronin, tiopronin, gelsolin, thymosin B4 
dornase alfa, meltenexine, erdosteine) and various DNases 
including rhDNase. The Surface altering agent may be 
embedded or enmeshed in the particle's surface or disposed 
(e.g., by coating, adsorption, covalent linkage, or other pro 
cess) on the Surface of the lipid nanoparticle. (see e.g., US 
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Publication 20100215580 and US Publication 20080166414: 
each of which is herein incorporated by reference in their 
entirety). 
0401 The mucus penetrating lipid nanoparticles may 
comprise at least one mmRNA described herein. The 
mmRNA may be encapsulated in the lipid nanoparticle and/or 
disposed on the surface of the particle. The mmRNA may be 
covalently coupled to the lipid nanoparticle. Formulations of 
mucus penetrating lipid nanoparticles may comprise a plural 
ity of nanoparticles. Further, the formulations may contain 
particles which may interact with the mucus and alter the 
structural and/or adhesive properties of the Surrounding 
mucus to decrease mucoadhesion which may increase the 
delivery of the mucus penetrating lipid nanoparticles to the 
mucosal tissue. 

0402. In one embodiment, the modified nucleic acid mol 
ecule or mmRNA is formulated as a lipoplex, such as, without 
limitation, the ATUPLEXTM system, the DACC system, the 
DBTC system and other siRNA-lipoplex technology from 
Silence Therapeutics (London, United Kingdom), STEM 
FECTTM from STEMGENTR) (Cambridge, Mass.), and poly 
ethylenimine (PEI) or protamine-based targeted and non 
targeted delivery of nucleic acids acids (Aleku et al. Cancer 
Res. 2008 68: 9788-9798: Strumberg et al. IntJ Clin Pharma 
col Ther 2012 50:76-78; Santel et al., Gene Ther 2006 
13:1222-1234; Santel et al., Gene Ther 2006 13:1360-1370; 
Gutbier et al., Pulm Pharmacol. Ther. 2010 23:334-344; 
Kaufmann et al. Microvasc Res 2010 80:286-293Weide et al. 
JImmunother. 2009 32:498-507; Weide et al. JImmunother. 
2008 31:180-188: Pascolo Expert Opin. Biol. Ther. 4:1285 
1294, Fotin-Mleczek et al., 2011 J. Immunother. 34:1-15; 
Song et al., Nature Biotechnol. 2005, 23:709-717; Peer et al., 
Proc Natl Acad Sci USA. 2007 6: 104:4095-4100: deFoug 
erolles Hum Gene Ther: 2008 19:125-132; all of which are 
incorporated herein by reference in its entirety). 
0403. In one embodiment such formulations may also be 
constructed or compositions altered such that they passively 
or actively are directed to different cell types in vivo, includ 
ing but not limited to hepatocytes, immune cells, tumor cells, 
endothelial cells, antigen presenting cells, and leukocytes 
(Akincetal. Mol Ther. 2010 18:1357-1364; Song et al., Nat 
Biotechnol. 2005 23:709-717: Judge et al., JClin Invest. 2009 
119:661-673; Kaufmann et al., Microvasc Res 2010 80:286 
293; Santel et al., Gene Ther 2006 13:1222-1234: Santel et 
al., Gene Ther 2006 13:1360-1370; Gutbier et al., Pulm Phar 
macol. Ther. 2010 23:334-344; Basha et al., Mol. Ther. 2011 
19:2186-2200; Fenske and Cullis, Expert Opin Drug Deliv. 
2008 5:25-44; Peer et al., Science. 2008 319:627-630; Peer 
and Lieberman, Gene Ther. 2011 18:1127-1133; all of which 
are incorporated herein by reference in its entirety). One 
example of passive targeting of formulations to liver cells 
includes the DLin-DMA, DLin-KC2-DMA and DLin-MC3 
DMA-based lipid nanoparticle formulations which have been 
shown to bind to apolipoprotein E and promote binding and 
uptake of these formulations into hepatocytes in vivo (Akinc 
et al. Mol Ther. 2010 18:1357-1364; herein incorporated by 
reference in its entirety). Formulations can also be selectively 
targeted through expression of different ligands on their Sur 
face as exemplified by, but not limited by, folate, transferrin, 
N-acetylgalactosamine (GalNAc), and antibody targeted 
approaches (Kolhatkar et al., Curr Drug Discov Technol. 
2011 8:197-206; Musacchio and Torchilin, Front Biosci. 
2011 16:1388-1412: Yu et al., Mol Membr Biol. 2010 27:286 
298; Patilet al., Crit Rev. Ther Drug Carrier Syst. 2008 25:1- 



US 2013/0237592 A1 

61; Benoit et al., Biomacromolecules. 2011 12:2708-2714; 
Zhao et al., Expert Opin Drug Deliv. 2008 5:309-319; Akinc 
et al., Mol Ther. 2010 18:1357-1364; Srinivasan et al., Meth 
ods Mol Biol. 2012 820:105-116; Ben-Arie et al., Methods 
Mol Biol. 2012 757:497-507; Peer 2010 J Control Release. 
20:63-68; Peer et al., Proc Natl Acad Sci USA. 2007 104: 
4095-4100; Kim et al., Methods Mol Biol. 2011 721:339 
353; Subramanya et al., MolTher. 2010 18:2028-2037: Song 
et al., Nat Biotechnol. 2005 23:709–717; Peer et al., Science. 
2008 319:627-630; Peer and Lieberman, Gene Ther. 2011 
18:1127-1133; all of which are incorporated herein by refer 
ence in its entirety). 
0404 In one embodiment, the modified nucleic acid mol 
ecules or mmRNA are formulated as a solid lipid nanopar 
ticle. A solid lipid nanoparticle (SLN) may be spherical with 
an average diameter between 10 to 1000 nm. SLN possess a 
solid lipidcore matrix that can solubilize lipophilic molecules 
and may be stabilized with surfactants and/or emulsifiers. In 
a further embodiment, the lipid nanoparticle may be a self 
assembly lipid-polymer nanoparticle (see Zhang et al., ACS 
Nano, 2008, 2 (8), pp 1696-1702; herein incorporated by 
reference in its entirety). 
04.05 Liposomes, lipoplexes, or lipid nanoparticles may 
be used to improve the efficacy of modified nucleic acid 
molecules or mmRNA directed protein production as these 
formulations may be able to increase cell transfection by the 
modified nucleic acid molecule or mmRNA; and/or increase 
the translation of encoded protein. One Such example 
involves the use of lipid encapsulation to enable the effective 
systemic delivery of polyplex plasmid DNA (Heyes et al., 
MolTher. 2007 15:713-720; hereinincorporated by reference 
in its entirety). The liposomes, lipoplexes, or lipid nanopar 
ticles may also be used to increase the stability of the modified 
nucleic acid molecules or mmRNA. 

0406. In one embodiment, the modified nucleic acid mol 
ecules and/or the mmRNA of the present invention can be 
formulated for controlled release and/or targeted delivery. As 
used herein, “controlled release' refers to a pharmaceutical 
composition or compound release profile that conforms to a 
particular pattern of release to effect a therapeutic outcome. 
In one embodiment, the modified nucleic acids molecules or 
the mmRNA may be encapsulated into a delivery agent 
described hereinand/or known in the art for controlled release 
and/or targeted delivery. As used herein, the term “encapsu 
late” means to enclose, Surround or encase. As it relates to the 
formulation of the compounds of the invention, encapsulation 
may be substantial, complete or partial. The term “substan 
tially encapsulated” means that at least greater than 50, 60, 
70, 80, 85,90, 95, 96, 97,98, 99, 99.9, 99.9 or greater than 
99.999% of the pharmaceutical composition or compound of 
the invention may be enclosed, Surrounded or encased within 
the delivery agent. “Partially encapsulation” means that less 
than 10, 10, 20, 30, 40 50 or less of the pharmaceutical 
composition or compound of the invention may be enclosed, 
Surrounded or encased within the delivery agent. Advanta 
geously, encapsulation may be determined by measuring the 
escape or the activity of the pharmaceutical composition or 
compound of the invention using fluorescence and/or electron 
micrograph. For example, at least 1, 5, 10, 20, 30, 40, 50, 60, 
70, 80, 85,90, 95, 96, 97,98, 99,99.9, 99.99 or greater than 
99.99% of the pharmaceutical composition or compound of 
the invention are encapsulated in the delivery agent. 
0407. In one embodiment, the controlled release formula 
tion may include, but is not limited to, tri-block co-polymers. 
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As a non-limiting example, the formulation may include two 
different types of tri-block co-polymers (International Pub. 
No. WO2012131104 and WO2012131106; each of which is 
herein incorporated by reference in its entirety). 
0408. In another embodiment, the modified nucleic acid 
molecules or the mmRNA may be encapsulated into a lipid 
nanoparticle or a rapidly eliminated lipid nanoparticle and the 
lipid nanoparticles or a rapidly eliminated lipid nanoparticle 
may then be encapsulated into a polymer, hydrogel and/or 
Surgical sealant described herein and/or known in the art. As 
a non-limiting example, the polymer, hydrogel or Surgical 
sealant may be PLGA, ethylene vinyl acetate (EVAc), polox 
amer, GELSITER) (Nanotherapeutics, Inc. Alachua, Fla.), 
HYLENEXR (Halozyme Therapeutics, San Diego Calif.), 
Surgical Sealants such as fibrinogen polymers (Ethicon Inc. 
Cornelia, Ga.), TISSELL(R) (Baxter International, Inc Deer 
field, Ill.), PEG-based sealants, and COSEAL(R) (Baxter Inter 
national, Inc Deerfield, Ill.). 
04.09. In another embodiment, the lipid nanoparticle may 
be encapsulated into any polymer known in the art which may 
form a gel when injected into a subject. As a non-limiting 
example, the lipid nanoparticle may be encapsulated into a 
polymer matrix which may be biodegradable. 
0410. In one embodiment, the modified nucleic acid mol 
ecules or mmRNA formulation for controlled release and/or 
targeted delivery may also include at least one controlled 
release coating. Controlled release coatings include, but are 
not limited to, OPADRYR), polyvinylpyrrolidone/vinyl 
acetate copolymer, polyvinylpyrrolidone, hydroxypropyl 
methylcellulose, hydroxypropyl cellulose, hydroxyethyl cel 
lulose, EUDRAGIT RL(R), EUDRAGIT RS(R) and cellulose 
derivatives such as ethylcellulose aqueous dispersions 
(AQUACOATR) and SURELEASE(R). 
0411. In one embodiment, the controlled release and/or 
targeted delivery formulation may comprise at least one 
degradable polyester which may contain polycationic side 
chains. Degradable polyesters include, but are not limited to, 
poly(serine ester), poly(L-lactide-co-L-lysine), poly(4-hy 
droxy-L-proline ester), and combinations thereof. In another 
embodiment, the degradable polyesters may include a PEG 
conjugation to form a PEGylated polymer. 
0412. In one embodiment, the modified nucleic acid mol 
ecules and/or the mmRNA of the present invention may be 
encapsulated in a therapeutic nanoparticle. Therapeutic nano 
particles may beformulated by methods described herein and 
known in the art such as, but not limited to, International Pub 
Nos. WO2010005740, WO2010030763, WO2010005721, 
WO2010005723, WO2012054923, US Pub. Nos. 
US20110262491, US20100104645, US20100087337, 
US20100068285, US20110274759, US2010.0068286 and 
US20120288541, and U.S. Pat. Nos. 8,206,747, 8,293,276 
8.318,208 and 8.318,211; each of which is herein incorpo 
rated by reference in their entirety. In another embodiment, 
therapeutic polymer nanoparticles may be identified by the 
methods described in US Pub No. US20120140790, herein 
incorporated by reference in its entirety. 
0413. In one embodiment, the therapeutic nanoparticle 
may be formulated for Sustained release. As used herein, 
“Sustained release' refers to a pharmaceutical composition or 
compound that conforms to a release rate over a specific 
period of time. The period of time may include, but is not 
limited to, hours, days, weeks, months and years. As a non 
limiting example, the Sustained release nanoparticle may 
comprise a polymer and a therapeutic agent Such as, but not 
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limited to, the modified nucleic acid molecules and mmRNA 
of the present invention (see International Pub No. 
2010.075072 and US Pub No. US20100216804, 
US20110217377 and US20120201859, each of which is 
herein incorporated by reference in their entirety). 
0414. In one embodiment, the therapeutic nanoparticles 
may be formulated to be target specific. As a non-limiting 
example, the therapeutic nanoparticles may include a corti 
costeroid (see International Pub. No. WO2011084518 herein 
incorporated by reference in its entirety). In one embodiment, 
the therapeutic nanoparticles of the present invention may be 
formulated to be cancer specific. As a non-limiting example, 
the therapeutic nanoparticles may be formulated in nanopar 
ticles described in International Pub No. WO2008121949, 
WO2010005726, WO2010005725, WO2011084521 and US 
Pub No. US20100069426, US20120004293 and 
US20100104655, each of which is herein incorporated by 
reference in their entirety. 
0415. In one embodiment, the nanoparticles of the present 
invention may comprise a polymeric matrix. As a non-limit 
ing example, the nanoparticle may comprise two or more 
polymers such as, but not limited to, polyethylenes, polycar 
bonates, polyanhydrides, polyhydroxyacids, polypropylfum 
erates, polycaprolactones, polyamides, polyacetals, poly 
ethers, polyesters, poly(orthoesters), polycyanoacrylates, 
polyvinyl alcohols, polyurethanes, polyphosphaZenes, poly 
acrylates, polymethacrylates, polycyanoacrylates, polyureas, 
polystyrenes, polyamines, polylysine, poly(ethylene imine), 
poly(serine ester), poly(L-lactide-co-L-lysine), poly(4-hy 
droxy-L-proline ester) or combinations thereof. 
0416) In one embodiment, the therapeutic nanoparticle 
comprises a diblock copolymer. In one embodiment, the 
diblock copolymer may include PEG in combination with a 
polymer Such as, but not limited to, polyethylenes, polycar 
bonates, polyanhydrides, polyhydroxyacids, polypropylfum 
erates, polycaprolactones, polyamides, polyacetals, poly 
ethers, polyesters, poly(orthoesters), polycyanoacrylates, 
polyvinyl alcohols, polyurethanes, polyphosphaZenes, poly 
acrylates, polymethacrylates, polycyanoacrylates, polyureas, 
polystyrenes, polyamines, polylysine, poly(ethylene imine), 
poly(serine ester), poly(L-lactide-co-L-lysine), poly(4-hy 
droxy-L-proline ester) or combinations thereof. 
0417. As a non-limiting example the therapeutic nanopar 

ticle comprises a PLGA-PEG block copolymer (see US Pub. 
No. US20120004293 and U.S. Pat. No. 8,236,330, each of 
which is herein incorporated by reference in their entirety). In 
another non-limiting example, the therapeutic nanoparticle is 
a stealth nanoparticle comprising a diblock copolymer of 
PEG and PLA or PEG and PLGA (see U.S. Pat. No. 8,246, 
968, herein incorporated by reference in its entirety). 
0418. In one embodiment, the therapeutic nanoparticle 
may comprise a multiblock copolymer (See e.g., U.S. Pat. 
Nos. 8,263,665 and 8,287,910; each of which is herein incor 
porated by reference in its entirety). 
0419. In one embodiment, the block copolymers 
described herein may be included in a polyion complex com 
prising a non-polymeric micelle and the block copolymer. 
(See e.g., U.S. Pub. No. 20120076836; herein incorporated 
by reference in its entirety). 
0420. In one embodiment, the therapeutic nanoparticle 
may comprise at least one acrylic polymer. Acrylic polymers 
include but are not limited to, acrylic acid, methacrylic acid, 
acrylic acid and methacrylic acid copolymers, methyl meth 
acrylate copolymers, ethoxyethyl methacrylates, cyanoethyl 
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methacrylate, amino alkyl methacrylate copolymer, poly 
(acrylic acid), poly(methacrylic acid), polycyanoacrylates 
and combinations thereof. 
0421. In one embodiment, the therapeutic nanoparticles 
may comprise at least one cationic polymer described herein 
and/or known in the art. 
0422. In one embodiment, the therapeutic nanoparticles 
may comprise at least one amine-containing polymer Such as, 
but not limited to polylysine, polyethylene imine, poly(ami 
doamine) dendrimers, poly(beta-amino esters) (See e.g., U.S. 
Pat. No. 8,287,849; herein incorporated by reference in its 
entirety) and combinations thereof. 
0423. In one embodiment, the therapeutic nanoparticles 
may comprise at least one degradable polyester which may 
contain polycationic side chains. Degradable polyesters 
include, but are not limited to, poly(serine ester), poly(L- 
lactide-co-L-lysine), poly(4-hydroxy-L-proline ester), and 
combinations thereof. In another embodiment, the degrad 
able polyesters may include a PEG conjugation to form a 
PEGylated polymer. 
0424. In another embodiment, the therapeutic nanopar 
ticle may include a conjugation of at least one targeting 
ligand. The targeting ligand may be any ligand known in the 
art Such as, but not limited to, a monoclonal antibody. (Kir 
potin et al., Cancer Res. 2006 66:6732-6740; herein incorpo 
rated by reference in its entirety). 
0425. In one embodiment, the therapeutic nanoparticle 
may beformulated in an aqueous solution which may be used 
to target cancer (see International Pub No. WO2011 084513 
and US Pub No. US20110294717, each of which is herein 
incorporated by reference in their entirety). 
0426 In one embodiment, the modified nucleic acid mol 
ecules or mmRNA may be encapsulated in, linked to and/or 
associated with synthetic nanocarriers. Synthetic nanocarri 
ers include, but are not limited to, those described in Interna 
tional Pub. Nos. WO2010005740, WO2010030763, 
WO201213501, WO2012149252, WO2012149255, 
WO2012149259, WO2012149265, WO2012149268, 
WO2012149282, WO2012149301, WO2012149393, 
WO2012149405, WO20121494.11 and WO2012149454 and 
US Pub. Nos. US20110262491, US20100104645, 
US20100087337 and US20120244222, each of which is 
herein incorporated by reference in their entirety. The syn 
thetic nanocarriers may be formulated using methods known 
in the art and/or described herein. As a non-limiting example, 
the synthetic nanocarriers may beformulated by the methods 
described in International Pub Nos. WO2010005740, 
WO2010030763 and WO201213501 and US Pub. NoS. 
US20110262491, US20100104645, US20100087337 and 
US20120244222, each of which is herein incorporated by 
reference in their entirety. In another embodiment, the syn 
thetic nanocarrier formulations may be lyophilized by meth 
ods described in International Pub. No. WO2011072218 and 
U.S. Pat. No. 8,211,473; each of which is herein incorporated 
by reference in their entirety. 
0427. In one embodiment, the synthetic nanocarriers may 
contain reactive groups to release the modified nucleic acid 
molecules and/or mmRNA described herein (see Interna 
tional Pub. No. WO20120952.552 and US Pub No. 
US20120171229, each of which is herein incorporated by 
reference in their entirety). 
0428. In one embodiment, the synthetic nanocarriers may 
contain an immunostimulatory agent to enhance the immune 
response from delivery of the synthetic nanocarrier. As a 
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non-limiting example, the synthetic nanocarrier may com 
prise a Th1 immunostimulatory agent which may enhance a 
Th1-based response of the immune system (see International 
Pub No. WO2010 123569 and US Pub. No. US20110223201, 
each of which is herein incorporated by reference in its 
entirety). 

0429. In one embodiment, the synthetic nanocarriers may 
be formulated for targeted release. In one embodiment, the 
synthetic nanocarrier is formulated to release the modified 
nucleic acid molecules and/or mmRNA at a specified pH 
and/or after a desired time interval. As a non-limiting 
example, the synthetic nanoparticle may be formulated to 
release the modified mRNA molecules and/or mmRNA after 
24 hours and/or at a pH of 4.5 (see International Pub. Nos. 
WO2010 1381.93 and WO2010 1381.94 and US Pub Nos. 
US20110020388 and US20110027217, each of which is 
herein incorporated by reference in their entirety). 
0430. In one embodiment, the synthetic nanocarriers may 
be formulated for controlled and/or sustained release of the 
modified nucleic acid molecules and/or mmRNA described 
herein. As a non-limiting example, the synthetic nanocarriers 
for sustained release may beformulated by methods known in 
the art, described herein and/or as described in International 
Pub No. WO2010.138192 and US Pub No. 20100303850, 
each of which is herein incorporated by reference in their 
entirety. 

0431. In one embodiment, the synthetic nanocarrier may 
be formulated for use as a vaccine. In one embodiment, the 
synthetic nanocarrier may encapsulate at least one modified 
nucleic acid molecule and/or mmRNA which encodes at least 
one antigen. As a non-limiting example, the synthetic nano 
carrier may include at least one antigen and an excipient for a 
vaccine dosage form (see International Pub No. 
WO2011 150264 and US Pub No. US20110293723, each of 
which is herein incorporated by reference in their entirety). 
As another non-limiting example, a vaccine dosage form may 
include at least two synthetic nanocarriers with the same or 
different antigens and an excipient (see International Pub No. 
WO2011 150249 and US Pub No. US20110293701, each of 
which is herein incorporated by reference in their entirety). 
The vaccine dosage form may be selected by methods 
described herein, known in the art and/or described in Inter 
national Pub No. WO2011 150258 and US Pub No. 
US20120027806, each of which is herein incorporated by 
reference in their entirety). 
0432. In one embodiment, the synthetic nanocarrier may 
comprise at least one modified nucleic acid molecule and/or 
mmRNA which encodes at least one adjuvant. In another 
embodiment, the synthetic nanocarrier may comprise at least 
one modified nucleic molecule acid and/or mmRNA and an 
adjuvant. As a non-limiting example, the synthetic nanocar 
rier comprising and adjuvant may beformulated by the meth 
ods described in International Pub No. WO2011 150240 and 
US Pub No. US20110293700, each of which is herein incor 
porated by reference in its entirety. 
0433. In one embodiment, the synthetic nanocarrier may 
encapsulate at least one modified nucleic acid molecule and/ 
or mmRNA which encodes a peptide, fragment or region 
from a virus. As a non-limiting example, the synthetic nano 
carrier may include, but is not limited to, the nanocarriers 
described in International Pub No. WO2012024621, 
WO201202629, WO2012024632 and US Pub No. 
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US20120064110, US20120058153 and US20120058154, 
each of which is herein incorporated by reference in their 
entirety. 
0434 In one embodiment, the nanoparticle may be opti 
mized for oral administration. The nanoparticle may com 
prise at least one cationic biopolymer Such as, but not limited 
to, chitosan or a derivative thereof. As a non-limiting 
example, the nanoparticle may be formulated by the methods 
described in U.S. Pub. No. 20120282343; herein incorpo 
rated by reference in its entirety. 

Polymers, Biodegradable Nanoparticles, and Core-Shell 
Nanoparticles 

0435 The modified nucleic acid molecules and mmRNA 
of the invention can be formulated using natural and/or syn 
thetic polymers. Non-limiting examples of polymers which 
may be used for delivery include, but are not limited to, 
DYNAMIC POLYCONJUGATER (Arrowhead Research 
Corp., Pasadena, Calif.) formulations from MIRUSR) Bio 
(Madison, Wis.) and Roche Madison (Madison, Wis.), 
PHASERXTM polymer formulations such as, without limita 
tion, SMARTT POLYMER TECHNOLOGYTM (Seattle, 
Wash.), DMRI/DOPE, poloxamer, VAXFECTINR) adjuvant 
from Vical (San Diego, Calif.), chitosan, cyclodextrin from 
Calando Pharmaceuticals (Pasadena, Calif.), dendrimers and 
poly(lactic-co-glycolic acid) (PLGA) polymers, RONDELTM 
(RNAi/Oligonucleotide Nanoparticle Delivery) polymers 
(Arrowhead Research Corporation, Pasadena, Calif.) and pH 
responsive co-block polymers such as, but not limited to, 
PHASERXTM (Seattle, Wash.). 
0436. A non-limiting example of chitosan formulation 
includes a core of positively charged chitosan and an outer 
portion of negatively charged substrate (U.S. Pub. No. 
20120258176; herein incorporated by reference in its 
entirety). Chitosan includes, but is not limited to N-trimethyl 
chitosan, mono-N-carboxymethyl chitosan (MCC), N-palmi 
toyl chitosan (NPCS), EDTA-chitosan, low molecular weight 
chitosan, chitosan derivatives, or combinations thereof. 
0437. In one embodiment, the polymers used in the 
present invention have undergone processing to reduce and/or 
inhibit the attachment of unwanted Substances such as, but 
not limited to, bacteria, to the surface of the polymer. The 
polymer may be processed by methods known and/or 
described in the art and/or described in International Pub. No. 
WO2012150467, herein incorporated by reference in its 
entirety. 
0438 A non-limiting example of PLGA formulations 
include, but are not limited to, PLGA injectable depots (e.g., 
ELIGARDR) which is formed by dissolving PLGA in 66% 
N-methyl-2-pyrrolidone (NMP) and the remainder being 
aqueous solvent and leuprolide. Once injected, the PLGA and 
leuprolide peptide precipitates into the Subcutaneous space). 
0439. Many of these polymer approaches have demon 
strated efficacy in delivering oligonucleotides in vivo into the 
cell cytoplasm (reviewed in deFougerolles Hum Gene Ther. 
2008 19:125-132; herein incorporated by reference in its 
entirety). Two polymer approaches that have yielded robustin 
vivo delivery of nucleic acids, in this case with small inter 
fering RNA (siRNA), are dynamic polyconjugates and cyclo 
dextrin-based nanoparticles. The first of these delivery 
approaches uses dynamic polyconjugates and has been 
shown in vivo in mice to effectively deliver siRNA and 
silence endogenous target mRNA in hepatocytes (Rozema et 
al., Proc Natl AcadSci USA. 2007 104:12982-12887; herein 
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incorporated by reference in its entirety). This particular 
approach is a multicomponent polymer System whose key 
features include a membrane-active polymerto which nucleic 
acid, in this case siRNA, is covalently coupled via a disulfide 
bond and where both PEG (for charge masking) and N-acetyl 
galactosamine (for hepatocyte targeting) groups are linked 
via pH-sensitive bonds (Rozema et al., Proc Natl Acad Sci 
USA. 2007 104:12982-12887; herein incorporated by refer 
ence in its entirety). On binding to the hepatocyte and entry 
into the endoSome, the polymer complex disassembles in the 
low-pH environment, with the polymer exposing its positive 
charge, leading to endosomal escape and cytoplasmic release 
of the siRNA from the polymer. Through replacement of the 
N-acetylgalactosamine group with a mannose group, it was 
shown one could alter targeting from asialoglycoprotein 
receptor-expressing hepatocytes to sinusoidal endothelium 
and Kupffer cells. Another polymer approach involves using 
transferrin-targeted cyclodextrin-containing polycation 
nanoparticles. These nanoparticles have demonstrated tar 
geted silencing of the EWS-FLI1 gene product in transferrin 
receptor-expressing Ewing's sarcoma tumor cells (Hu 
Lieskovan et al., Cancer Res. 2005 65: 8984-8982; herein 
incorporated by reference in its entirety) and siRNA formu 
lated in these nanoparticles was well tolerated in non-human 
primates (Heidel et al., Proc Natl Acad Sci USA 2007 104: 
5715-21; herein incorporated by reference in its entirety). 
Both of these delivery strategies incorporate rational 
approaches using both targeted delivery and endosomal 
escape mechanisms. 
0440 The polymer formulation can permit the sustained 
or delayed release of modified nucleic acid molecules or 
mmRNA (e.g., following intramuscular or Subcutaneous 
injection). The altered release profile for the modified nucleic 
acid molecule or mmRNA can result in, for example, trans 
lation of an encoded protein over an extended period of time. 
The polymer formulation may also be used to increase the 
stability of the modified nucleic acid molecule or mmRNA. 
Biodegradable polymers have been previously used to protect 
nucleic acids other than mmRNA from degradation and been 
shown to result in Sustained release of payloads in vivo 
(Rozema et al., Proc Natl Acad Sci USA. 2007 104:12982 
12887; Sullivan et al., Expert Opin Drug Deliv. 2010 7:1433 
1446; Convertine et al., Biomacromolecules. 2010 Oct. 1; 
Chu et al., Acc Chem Res. 2012 Jan. 13; Manganiello et al., 
Biomaterials. 2012 33:2301-2309; Benoit et al., Biomacro 
molecules. 2011 12:2708-2714; Singha et al., Nucleic Acid 
Ther. 2011 2:133-147: deFougerolles Hum Gene Ther. 2008 
19:125-132: Schaffert and Wagner, Gene Ther. 2008 
16:1131-1138; Chaturvedi et al., Expert Opin Drug Deliv. 
2011 8:1455-1468; Davis, Mol Pharm. 2009 6:659-668: 
Davis, Nature 2010 464:1067-1070; each of which is herein 
incorporated by reference in its entirety). 
0441. In one embodiment, the pharmaceutical composi 
tions may be sustained release formulations. In a further 
embodiment, the sustained release formulations may be for 
Subcutaneous delivery. Sustained release formulations may 
include, but are not limited to, PLGA microspheres, ethylene 
vinyl acetate (EVAc), poloxamer, GELSITE(R) (Nanothera 
peutics, Inc. Alachua, Fla.), HYLENEXR (Halozyme Thera 
peutics, San Diego Calif.), Surgical sealants such as fibrino 
gen polymers (Ethicon Inc. Cornelia, Ga.), TISSELL(R) 
(Baxter International, Inc Deerfield, Ill.). PEG-based seal 
ants, and COSEAL(R) (Baxter International, Inc Deerfield, 
Ill.). 
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0442. As a non-limiting example modified mRNA may be 
formulated in PLGA microspheres by preparing the PLGA 
microspheres with tunable release rates (e.g., days and 
weeks) and encapsulating the modified mRNA in the PLGA 
microspheres while maintaining the integrity of the modified 
mRNA during the encapsulation process. EVA care non-bio 
degradeable, biocompatible polymers which are used exten 
sively in pre-clinical Sustained release implant applications 
(e.g., extended release products Ocusert a pilocarpine oph 
thalmic insert for glaucoma or progestasert a Sustained 
release progesterone intrauterine delivce; transdermal deliv 
ery systems Testoderm, Duragesic and Selegiline; catheters). 
Poloxamer F-407 NF is a hydrophilic, non-ionic surfactant 
triblock copolymer of polyoxyethylene-polyoxypropylene 
polyoxyethylene having a low viscosity at temperatures less 
than 5° C. and forms a solid gel attemperatures greater than 
15° C. PEG-based surgical sealants comprise two synthetic 
PEG components mixed in a delivery device which can be 
prepared in one minute, seals in 3 minutes and is reabsorbed 
within 30 days. GELSITER) and natural polymers are capable 
of in-situ gelation at the site of administration. They have 
been shown to interact with protein and peptide therapeutic 
candidates through ionic interaction to provide a stabilizing 
effect. 

0443 Polymer formulations can also be selectively tar 
geted through expression of different ligands as exemplified 
by, but not limited by, folate, transferrin, and N-acetylgalac 
tosamine (GalNAc) (Benoit et al., Biomacromolecules. 2011 
12:2708-2714; Rozema et al., Proc Natl AcadSci USA. 2007 
104:12982-12887; Davis, Mol Pharm. 2009 6:659-668; 
Davis, Nature 2010 464:1067-1070; each of which is herein 
incorporated by reference in its entirety). 
0444 The modified nucleic acid molecules and mmRNA 
of the invention may be formulated with or in a polymeric 
compound. The polymer may include at least one polymer 
Such as, but not limited to, polyethenes, polyethylene glycol 
(PEG), poly(1-lysine)(PLL), PEG grafted to PLL, cationic 
lipopolymer, biodegradable cationic lipopolymer, polyethyl 
eneimine (PEI), cross-linked branched poly(alkylene imi 
nes), a polyamine derivative, a modified poloxamer, a biode 
gradable polymer, elastic biodegradable polymer, 
biodegradable block copolymer, biodegradable random 
copolymer, biodegradable polyester copolymer, biodegrad 
able polyester block copolymer, biodegradable polyester 
block random copolymer, multiblock copolymers, linear bio 
degradable copolymer, poly O-(4-aminobutyl)-L-glycolic 
acid) (PAGA), biodegradable cross-linked cationic multi 
block copolymers, polycarbonates, polyanhydrides, polyhy 
droxyacids, polypropylfumerates, polycaprolactones, polya 
mides, polyacetals, polyethers, polyesters, poly(orthoesters), 
polycyanoacrylates, polyvinyl alcohols, polyurethanes, poly 
phosphaZenes, polyacrylates, polymethacrylates, polycy 
anoacrylates, polyureas, polystyrenes, polyamines, polyl 
ysine, poly(ethylene imine), poly(serine ester), poly(L- 
lactide-co-L-lysine), poly(4-hydroxy-L-proline ester), 
acrylic polymers, amine-containing polymers, dextran poly 
mers, dextran polymer derivatives or combinations thereof. 
0445. As a non-limiting example, the modified nucleic 
acid molecules or mmRNA of the invention may be formu 
lated with the polymeric compound of PEG grafted with PLL 
as described in U.S. Pat. No. 6,177.274; herein incorporated 
by reference in its entirety. The formulation may be used for 
transfecting cells in vitro or for in vivo delivery of the modi 
fied nucleic acid molecules and mmRNA. In another 



US 2013/0237592 A1 

example, the modified nucleic acid molecules and mmRNA 
may be suspended in a solution or medium with a cationic 
polymer, in a dry pharmaceutical composition or in a solution 
that is capable of being dried as described in U.S. Pub. Nos. 
20090042829 and 20090042825; each of which are herein 
incorporated by reference in their entireties. 
0446. As another non-limiting example the modified 
nucleic acid molecules or mmRNA of the invention may be 
formulated with a PLGA-PEG block copolymer (see US Pub. 
No. US20120004293 and U.S. Pat. No. 8,236,330, each of 
which are herein incorporated by reference in their entireties) 
or PLGA-PEG-PLGA block copolymers (See U.S. Pat. No. 
6,004,573, herein incorporated by reference in its entirety). 
As a non-limiting example, the modified nucleic acid mol 
ecules or mmRNA of the invention may be formulated with a 
diblock copolymer of PEG and PLA or PEG and PLGA (see 
U.S. Pat. No. 8,246,968, herein incorporated by reference in 
its entirety). 
0447. A polyamine derivative may be used to deliver 
nucleic acid molecules and/or mmRNA or to treat and/or 
prevent a disease or to be included in an implantable or 
injectable device (U.S. Pub. No. 2010.0260817 herein incor 
porated by reference in its entirety). As a non-limiting 
example, a pharmaceutical composition may include the 
modified nucleic acid molecules and mmRNA and the 
polyamine derivative described in U.S. Pub. No. 
20100260817 (the contents of which are incorporated herein 
by reference in its entirety). As a non-limiting example the 
modified nucleic acids or mmRNA of the present invention 
may be delivered using a polyaminde polymer Such as, but not 
limited to, a polymer comprising a 1,3-dipolar addition poly 
mer prepared by combining a carbohydrate diazide monomer 
with a dilkyne unite comprising oligoamines (U.S. Pat. No. 
8.236,280; herein incorporated by reference in its entirety). 
0448. The modified nucleic acid molecules and/or 
mmRNA of the invention may be formulated with at least one 
acrylic polymer. Acrylic polymers include but are not limited 
to, acrylic acid, methacrylic acid, acrylic acid and meth 
acrylic acid copolymers, methyl methacrylate copolymers, 
ethoxyethyl methacrylates, cyanoethyl methacrylate, amino 
alkyl methacrylate copolymer, poly(acrylic acid), poly(meth 
acrylic acid), polycyanoacrylates and combinations thereof. 
0449 In one embodiment, the modified nucleic acid mol 
ecules and/or mmRNA of the present invention may be for 
mulated with at least one polymer and/or derivatives thereof 
described in International Publication Nos. WO2011 115862, 
WO2012082574 and WO2012O68187 and U.S. Pub. No. 
20120283427, each of which are herein incorporated by ref 
erence in their entireties. In another embodiment, the modi 
fied nucleic acid molecules or mmRNA of the present inven 
tion may be formulated with a polymer of formula Z as 
described in WO2011 115862, herein incorporated by refer 
ence in its entirety. In yet another embodiment, the modified 
nucleic acid molecules or mmRNA may beformulated with a 
polymer of formula Z, Z or Z" as described in International 
Pub. Nos. WO2012082574 or WO2012068187, each of 
which are herein incorporated by reference in their entireties. 
The polymers formulated with the modified nucleic acids 
and/or modified mRNA of the present invention may be syn 
thesized by the methods described in International Pub. Nos. 
WO2012082574 or WO2012068187, each of which are 
herein incorporated by reference in their entireties. 
0450 Formulations of modified nucleic acid molecules 
and/or mmRNA of the invention may include at least one 
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amine-containing polymer Such as, but not limited to polyl 
ysine, polyethylene imine, poly(amidoamine) dendrimers or 
combinations thereof. 

0451. For example, the modified nucleic acid molecules 
and/or mmRNA of the invention may be formulated in a 
pharmaceutical compound including a poly(alkylene imine), 
a biodegradable cationic lipopolymer, a biodegradable block 
copolymer, a biodegradable polymer, or a biodegradable ran 
dom copolymer, a biodegradable polyester block copolymer, 
a biodegradable polyester polymer, a biodegradable polyester 
random copolymer, a linear biodegradable copolymer, 
PAGA, a biodegradable cross-linked cationic multi-block 
copolymer or combinations thereof. The biodegradable cat 
ionic lipopolymer may be made by methods known in the art 
and/or described in U.S. Pat. No. 6,696,038, U.S. App. Nos. 
20030073619 and 20040142474 each of which is herein 
incorporated by reference in their entireties. The poly(alky 
lene imine) may be made using methods known in the art 
and/or as described in U.S. Pub. No. 20100004315, herein 
incorporated by reference in its entirety. The biodegradabale 
polymer, biodegradable block copolymer, the biodegradable 
random copolymer, biodegradable polyester block copoly 
mer, biodegradable polyester polymer, or biodegradable 
polyester random copolymer may be made using methods 
known in the art and/or as described in U.S. Pat. Nos. 6,517, 
869 and 6.267.987, the contents of which are each incorpo 
rated herein by reference in their entirety. The linear biode 
gradable copolymer may be made using methods known in 
the art and/or as described in U.S. Pat. No. 6,652,886. The 
PAGA polymer may be made using methods known in the art 
and/or as described in U.S. Pat. No. 6,217,912 herein incor 
porated by reference in its entirety. The PAGA polymer may 
be copolymerized to form a copolymer or block copolymer 
with polymers such as but not limited to, poly-L-lysine, pol 
yargine, polyornithine, histones, avidin, protamines, polylac 
tides and poly(lactide-co-glycolides). The biodegradable 
cross-linked cationic multi-block copolymers may be made 
my methods known in the art and/or as described in U.S. Pat. 
No. 8,057,821 or U.S. Pub. No. 2012009145 each of which 
are herein incorporated by reference in their entireties. For 
example, the multi-block copolymers may be synthesized 
using linear polyethyleneimine (LPEI) blocks which have 
distinct patterns as compared to branched polyethylene 
imines. Further, the composition or pharmaceutical compo 
sition may be made by the methods known in the art, 
described herein, or as described in U.S. Pub. No. 
20100004315 or U.S. Pat. Nos. 6,267,987 and 6,217,912 each 
of which are herein incorporated by reference in their entire 
ties. 

0452. The modified nucleic acid molecules and mmRNA 
of the invention may be formulated with at least one degrad 
able polyester which may contain polycationic side chains. 
Degradable polyesters include, but are not limited to, poly 
(serine ester), poly(L-lactide-co-L-lysine), poly(4-hydroxy 
L-proline ester), and combinations thereof. In another 
embodiment, the degradable polyesters may include a PEG 
conjugation to form a PEGylated polymer. 
0453 The modified nucleic acid molecules and mmRNA 
of the invention may be formulated with at least one 
crosslinkable polyester. Crosslinkable polyesters include 
those known in the art and described in US Pub. No. 
20120269761, herein incorporated by reference in its 
entirety. 
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0454. In one embodiment, the polymers described herein 
may be conjugated to a lipid-terminating PEG. As a non 
limiting example, PLGA may be conjugated to a lipid-termi 
nating PEG forming PLGA-DSPE-PEG. As another non 
limiting example, PEG conjugates for use with the present 
invention are described in International Publication No. 
WO2008103276, herein incorporated by reference in its 
entirety. The polymers may be conjugated using a ligand 
conjugate Such as, but not limited to, the conjugates described 
in U.S. Pat. No. 8,273.363, herein incorporated by reference 
in its entirety. 
0455. In one embodiment, the modified nucleic acid mol 
ecules and/or mmRNA described herein may be conjugated 
with another compound. Non-limiting examples of conju 
gates are described in U.S. Pat. Nos. 7.964,578 and 7,833, 
992, each of which are herein incorporated by reference in 
their entireties. In another embodiment, modified RNA of the 
present invention may be conjugated with conjugates of for 
mula I-122 as described in U.S. Pat. Nos. 7,964,578 and 
7,833,992, each of which are herein incorporated by refer 
ence in their entireties. The modified RNA described herein 
may be conjugated with a metal such as, but not limited to, 
gold. (See e.g., Giljohannet al. Journ. Amer. Chem. Soc. 2009 
131(6): 2072-2073; herein incorporated by reference in its 
entirety). In another embodiment, the modified nucleic acid 
molecules and/or mmRNA described herein may be conju 
gated and/or encapsulated in gold-nanoparticles. (Interna 
tional Pub. No. WO201216269 and U.S. Pub. No. 
20120302940; each of which is herein incorporated by refer 
ence in its entirety). 
0456. As described in U.S. Pub. No. 201000043.13, herein 
incorporated by reference in its entirety, a gene delivery com 
position may include a nucleotide sequence and a poloxamer. 
For example, the modified nucleic acid and mmRNA of the 
present invention may be used in a gene delivery composition 
with the poloxamer described in U.S. Pub. No. 201000043.13. 
0457. In one embodiment, the polymer formulation of the 
present invention may be stabilized by contacting the poly 
merformulation, which may include a cationic carrier, with a 
cationic lipopolymer which may be covalently linked to cho 
lesterol and polyethylene glycol groups. The polymer formu 
lation may be contacted with a cationic lipopolymer using the 
methods described in U.S. Pub. No. 20090042829 herein 
incorporated by reference in its entirety. The cationic carrier 
may include, but is not limited to, polyethylenimine, poly 
(trimethylenimine), poly(tetramethylenimine), polypropy 
lenimine, aminoglycoside-polyamine, dideoxy-diamino-b- 
cyclodextrin, spermine, spermidine, poly(2-dimethylamino) 
ethyl methacrylate, poly(lysine), poly(histidine), poly 
(arginine), cationized gelatin, dendrimers, chitosan, 1.2- 
Dioleoyl-3-Trimethylammonium-Propane (DOTAP), N-1- 
(2,3-dioleoyloxy)propyl-N,N,N-trimethylammonium 
chloride (DOTMA), 1-2-(oleoyloxy)ethyl)-2-oleyl-3-(2-hy 
droxyethyl)imidazolinium chloride (DOTIM), 2,3-dioley 
loxy-N-2(sperminecarboxamido)ethyl-N,N-dimethyl-1- 
propanaminium trifluoroacetate (DOSPA), 3B-N (N',N'- 
Dimethylaminoethane)-carbamoyl Cholesterol 
Hydrochloride (DC-Cholesterol HCl) diheptadecylami 
doglycyl spermidine (DOGS), N,N-distearyl-N,N-dimethy 
lammonium bromide (DDAB), N-(1,2-dimyristyloxyprop-3- 
yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide 
(DMRIE), N,N-dioleyl-N,N-dimethylammonium chloride 
DODAC) and combinations thereof. 
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0458. The modified nucleic acid molecules and/or 
mmRNA of the invention may be formulated in a polyplex of 
one or more polymers (U.S. Pub. No. 20120237565 and 
20120270927; each of which is herein incorporated by refer 
ence in its entirety). In one embodiment, the polyplex com 
prises two or more cationic polymers. The cationic polymer 
may comprise a poly(ethylene imine) (PEI) such as linear 
PEI. 

0459. The modified nucleic acid molecules and mmRNA 
of the invention can also be formulated as a nanoparticleusing 
a combination of polymers, lipids, and/or other biodegrad 
able agents, such as, but not limited to, calcium phosphate. 
Components may be combined in a core-shell, hybrid, and/or 
layer-by-layer architecture, to allow for fine-tuning of the 
nanoparticle so to delivery of the modified nucleic acid mol 
ecule and mmRNA may be enhanced (Wang et al., Nat Mater. 
2006 5:791-796; Fuller et al., Biomaterials. 2008 29:1526 
1532: DeKokeret al., Adv. Drug Deliv Rev. 2011 63:748-761; 
Endres et al., Biomaterials. 2011 32:7721-7731; Suet al., Mol 
Pharm. 2011 Jun. 6; 8(3):774-87; each of which is herein 
incorporated by reference in its entirety). As a non-limiting 
example, the nanoparticle may comprise a plurality of poly 
mers such as, but not limited to hydrophilic-hydrophobic 
polymers (e.g., PEG-PLGA), hydrophobic polymers (e.g., 
PEG) and/or hydrophilic polymers (International Pub. No. 
WO20120225129; herein incorporated by reference in its 
entirety). 
0460 Biodegradable calcium phosphate nanoparticles in 
combination with lipids and/or polymers have been shown to 
deliver modified nucleic acid molecules and mmRNA in vivo. 
In one embodiment, a lipid coated calcium phosphate nano 
particle, which may also contain a targeting ligand Such as 
anisamide, may be used to deliver the modified nucleic acid 
molecule and mmRNA of the present invention. For example, 
to effectively deliversiRNA in a mouse metastatic lung model 
a lipid coated calcium phosphate nanoparticle was used (Liet 
al., J. Contr Rel. 2010 142: 416-421; Li et al., J. Contr Rel. 
2012 158:108-114; Yang et al., Mol Ther. 2012 20:609-615; 
herein incorporated by reference in its entirety). This delivery 
system combines both a targeted nanoparticle and a compo 
nent to enhance the endosomal escape, calcium phosphate, in 
order to improve delivery of the siRNA. 
0461. In one embodiment, calcium phosphate with a PEG 
polyanion block copolymer may be used to deliver modified 
nucleic acid molecules andmmRNA (Kazikawa et al., JContr 
Rel. 2004 97:345-356: Kazikawa et al., J. Contr Rel. 2006 
1 11:368-370; herein incorporated by reference in its 
entirety). 
0462. In one embodiment, a PEG-charge-conversional 
polymer (Pitella et al., Biomaterials. 2011 32:3106-3114) 
may be used to form a nanoparticle to deliver the modified 
nucleic acid molecules and mmRNA of the present invention. 
The PEG-charge-conversional polymer may improve upon 
the PEG-polyanion block copolymers by being cleaved into a 
polycation at acidic pH, thus enhancing endosomal escape. 
0463. The use of core-shell nanoparticles has additionally 
focused on a high-throughput approach to synthesize cationic 
cross-linked nanogel cores and various shells (Siegwartet al., 
Proc Natl AcadSci USA. 2011 1 08:12996-13001). The com 
plexation, delivery, and internalization of the polymeric 
nanoparticles can be precisely controlled by altering the 
chemical composition in both the core and shell components 
of the nanoparticle. For example, the core-shell nanoparticles 
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may efficiently deliver siRNA to mouse hepatocytes after 
they covalently attach cholesterol to the nanoparticle. 
0464. In one embodiment, a hollow lipid core comprising 
a middle PLGA layer and an outer neutral lipid layer contain 
ing PEG may be used to delivery of the modified nucleic acid 
molecules and mmRNA of the present invention. As a non 
limiting example, in mice bearing a luciferase-expressing 
tumor, it was determined that the lipid-polymer-lipid hybrid 
nanoparticle significantly suppressed luciferase expression, 
as compared to a conventional lipoplex (Shi et al. Angew 
Chem Int Ed. 2011 50:7027-7031; herein incorporated by 
reference in its entirety). 
0465. In one embodiment, the lipid nanoparticles may 
comprise a core of the modified nucleic acid molecules dis 
closed herein and a polymer shell. The polymer shell may be 
any of the polymers described herein and are known in the art. 
In an additional embodiment, the polymer shell may be used 
to protect the modified nucleic acids in the core. 
0466 Core-shell nanoparticles for use with the modified 
nucleic acid molecules of the present invention are described 
and may be formed by the methods described in U.S. Pat. No. 
8.313,777 herein incorporated by reference in its entirety. 
0467. In one embodiment, the core-shell nanoparticles 
may comprise a core of the modified nucleic acid molecules 
disclosed herein and a polymer shell. The polymer shell may 
be any of the polymers described herein and are known in the 
art. In an additional embodiment, the polymer shell may be 
used to protect the modified nucleic acid molecules in the 
COC. 

Peptides and Proteins 
0468. The modified nucleic acid molecules and mmRNA 
of the invention can be formulated with peptides and/or pro 
teins in order to increase transfection of cells by the modified 
nucleic acid molecules or mmRNA. In one embodiment, pep 
tides such as, but not limited to, cell penetrating peptides and 
proteins and peptides that enable intracellular delivery may 
be used to deliver pharmaceutical formulations. A non-limit 
ing example of a cell penetrating peptide which may be used 
with the pharmaceutical formulations of the present invention 
include a cell-penetrating peptide sequence attached to poly 
cations that facilitates delivery to the intracellular space, e.g., 
HIV-derived TAT peptide, penetratins, transportans, or hCT 
derived cell-penetrating peptides (see, e.g., Caronet al., Mol. 
Ther. 3(3):310-8 (2001); Langel, Cell-Penetrating Peptides: 
Processes and Applications (CRC Press, Boca Raton Fla., 
2002); El-Andaloussi et al., Curr. Pharm. Des. 11(28):3597 
611 (2003); and Deshayes et al., Cell. Mol. Life. Sci. 62(16): 
1839-49 (2005), all of which are incorporated herein by ref 
erence). The compositions can also be formulated to include 
a cell penetrating agent, e.g., liposomes, which enhance 
delivery of the compositions to the intracellular space. Modi 
fied nucleic acid molecules and mmRNA of the invention 
may be complexed to peptides and/or proteins such as, but not 
limited to, peptides and/or proteins from Aileron Therapeu 
tics (Cambridge, Mass.) and Permeon Biologics (Cambridge, 
Mass.) in order to enable intracellular delivery (Cronican et 
al., ACS Chem. Biol. 2010 5:747-752; McNaughton et al., 
Proc. Natl. Acad. Sci. USA 2009 106:6111-6116; Sawyer, 
Chem Biol Drug Des. 2009 73:3-6: Verdine and Hilinski, 
Methods Enzymol. 2012: 503:3-33; all of which are herein 
incorporated by reference in its entirety). 
0469. In one embodiment, the cell-penetrating polypep 
tide may comprise a first domain and a second domain. The 
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first domain may comprise a Supercharged polypeptide. The 
second domain may comprise a protein-binding partner. As 
used herein, “protein-binding partner includes, but are not 
limited to, antibodies and functional fragments thereof, Scaf 
fold proteins, or peptides. The cell-penetrating polypeptide 
may further comprise an intracellular binding partner for the 
protein-binding partner. The cell-penetrating polypeptide 
may be capable of being secreted from a cell where the 
modified nucleic acid molecules or mmRNA may be intro 
duced. 
0470 Formulations of the including peptides or proteins 
may be used to increase cell transfection by the modified 
nucleic acid molecule or mmRNA, alter the biodistribution of 
the modified nucleic acid molecule or mmRNA (e.g., by 
targeting specific tissues or cell types), and/or increase the 
translation of encoded protein. (See e.g., International Pub. 
No. WO2012110636; herein incorporated by reference in its 
entirety). 

Cells 

0471. The modified nucleic acid molecule andmmRNA of 
the invention can be transfected ex vivo into cells, which are 
Subsequently transplanted into a Subject. As non-limiting 
examples, the pharmaceutical compositions may include red 
blood cells to deliver modified RNA to liver and myeloid 
cells, Virosomes to deliver modified nucleic acid molecules 
and mmRNA in virus-like particles (VLPs), and electropo 
rated cells such as, but not limited to, from MAXCYTER 
(Gaithersburg, Md.)and from ERYTECHR (Lyon, France) to 
deliver modified RNA. Examples of use of red blood cells, 
viral particles and electroporated cells to deliver payloads 
other than mmRNA have been documented (Godfrin et al., 
Expert Opin Biol Ther. 2012 12:127-133; Fang et al., Expert 
Opin Biol Ther. 2012 12:385-389; Hu et al., Proc Natl Acad 
Sci USA. 2011 1 08:10980-10985; Lund et al., Pharm Res. 
2010 27:400-420; Huckriede et al., J. Liposome Res. 2007: 
17:39–47; Cusi, Hum Vaccin. 2006 2:1-7: de Jonge et al., 
Gene Ther. 2006 13:400-411; all of which are herein incor 
porated by reference in its entirety). The modified nucleic 
acid molecules and mmRNA may be delivered in synthetic 
VLPs synthesized by the methods described in International 
Pub No. WO201108.5231 and US Pub No. 20110171248, 
each of which are herein incorporated by reference in their 
entireties. 
0472. Cell-based formulations of the modified nucleic 
acid molecules and mmRNA of the invention may be used to 
ensure cell transfection (e.g., in the cellular carrier), alter the 
biodistribution of the modified nucleic acid molecule or 
mmRNA (e.g., by targeting the cell carrier to specific tissues 
or cell types), and/or increase the translation of encoded 
protein. 
Introduction into Cells 
0473. A variety of methods are known in the art and suit 
able for introduction of nucleic acid into a cell, including viral 
and non-viral mediated techniques. Examples of typical non 
viral mediated techniques include, but are not limited to, 
electroporation, calcium phosphate mediated transfer, 
nucleofection, Sonoporation, heat shock, magnetofection, 
liposome mediated transfer, microinjection, microprojectile 
mediated transfer (nanoparticles), cationic polymer mediated 
transfer (DEAE-dextran, polyethylenimine, polyethylene 
glycol (PEG) and the like) or cell fusion. 
0474 The technique of sonoporation, or cellular sonica 
tion, is the use of Sound (e.g., ultrasonic frequencies) for 
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modifying the permeability of the cell plasma membrane. 
Sonoporation methods are known to those in the art and are 
taught for example as it relates to bacteria in US Patent 
Publication 20100196983 and as it relates to other cell types 
in, for example, US Patent Publication 20100009424, each of 
which are incorporated herein by reference in their entirety. 
0475 Electroporation techniques are also well known in 
the art. In one embodiment, modified nucleic acid molecules 
or mmRNA may be delivered by electroporation as described 
in Example 8. 

Hyaluronidase 

0476. The intramuscular or subcutaneous localized injec 
tion of modified nucleic acid molecules or mmRNA of the 
invention can include hyaluronidase, which catalyzes the 
hydrolysis of hyaluronan. By catalyzing the hydrolysis of 
hyaluronan, a constituent of the interstitial barrier, hyalu 
ronidase lowers the Viscosity of hyaluronan, thereby increas 
ing tissue permeability (Frost, Expert Opin. Drug Deliv. 
(2007) 4:427–440; herein incorporated by reference in its 
entirety). It is useful to speed their dispersion and systemic 
distribution of encoded proteins produced by transfected 
cells. Alternatively, the hyaluronidase can be used to increase 
the number of cells exposed to a modified nucleic acid mol 
ecule or mmRNA of the invention administered intramuscu 
larly or Subcutaneously. 

Nanoparticle Mimics 

0477. The modified nucleic acid molecules and mmRNA 
of the invention may be encapsulated within and/or absorbed 
to a nanoparticle mimic. A nanoparticle mimic can mimic the 
delivery function organisms or particles Such as, but not lim 
ited to, pathogens, viruses, bacteria, fungus, parasites, prions 
and cells. As a non-limiting example the modified mRNA of 
the invention may be encapsulated in a non-viron particle 
which can mimic the delivery function of a virus (see Inter 
national Pub. No. WO2012006376 herein incorporated by 
reference in its entirety). 

Nanotubes 

0478. The modified nucleic acid molecules or mmRNA of 
the invention can be attached or otherwise bound to at least 
one nanotube such as, but not limited to, rosette nanotubes, 
rosette nanotubes having twin bases with a linker, carbon 
nanotubes and/or single-walled carbon nanotubes, The modi 
fied nucleic acid molecules or mmRNA may be bound to the 
nanotubes through forces Such as, but not limited to, steric, 
ionic, covalent and/or other forces. 
0479. In one embodiment, the nanotube can release one or 
more modified nucleic acid molecule or mmRNA into cells. 
The size and/or the surface structure of at least one nanotube 
may be altered so as to govern the interaction of the nanotubes 
within the body and/or to attach or bind to the modified 
nucleic acid molecule or mmRNA disclosed herein. In one 
embodiment, the building block and/or the functional groups 
attached to the building block of the at least one nanotube may 
be altered to adjust the dimensions and/or properties of the 
nanotube. As a non-limiting example, the length of the nano 
tubes may be altered to hinder the nanotubes from passing 
through the holes in the walls of normal blood vessels but still 
Small enough to pass through the larger holes in the blood 
vessels of tumor tissue. 

Sep. 12, 2013 

0480. In one embodiment, at least one nanotube may also 
be coated with delivery enhancing compounds including 
polymers, such as, but not limited to, polyethylene glycol. In 
another embodiment, at least one nanotube and/or the modi 
fied mRNA may be mixed with pharmaceutically acceptable 
excipients and/or delivery vehicles. 
0481. In one embodiment, the modified mRNA are 
attached and/or otherwise bound to at least one rosette nano 
tube. The rosette nanotubes may be formed by a process 
known in the art and/or by the process described in Interna 
tional Publication No. WO2012094304, herein incorporated 
by reference in its entirety. At least one modified mRNA may 
be attached and/or otherwise bound to at least one rosette 
nanotube by a process as described in International Publica 
tion No. WO2012094304, hereinincorporated by reference in 
its entirety, where rosette nanotubes or modules forming 
rosette nanotubes are mixed in aqueous media with at least 
one modified mRNA under conditions which may cause at 
least one modified mRNA to attach or otherwise bind to the 
rosette nanotubes. 
0482. In one embodiment, the modified nucleic acid mol 
ecule or mmRNA may be attached to and/or otherwise bound 
to at least one carbon nanotube. As a non-limiting example, 
the modified nucleic acid molecule ormmRNA may be bound 
to a linking agent and the linked agent may be bound to the 
carbon nanotube (See e.g., U.S. Pat. No. 8.246,995; herein 
incorporated by reference in its entirety). The carbon nano 
tube may be a single-walled nanotube (See e.g., U.S. Pat. No. 
8,246,995; herein incorporated by reference in its entirety). 

Conjugates 

0483 The modified nucleic acids molecules and mmRNA 
of the invention include conjugates, such as a modified 
nucleic acid molecule or mmRNA covalently linked to a 
carrier or targeting group, or including two encoding regions 
that together produce a fusion protein (e.g., bearing a target 
ing group and therapeutic protein or peptide). 
0484 The conjugates of the invention include a naturally 
occurring Substance, such as a protein (e.g., human serum 
albumin (HSA), low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), or globulin); an carbohydrate (e.g., a dex 
tran, pullulan, chitin, chitosan, inulin, cyclodextrin or hyalu 
ronic acid); or a lipid. The ligand may also be a recombinant 
or synthetic molecule, such as a synthetic polymer, e.g., a 
synthetic polyamino acid, an oligonucleotide (e.g. an 
aptamer). Examples of polyamino acids include polyamino 
acid is a polylysine (PLL), poly L-aspartic acid, poly 
L-glutamic acid, styrene-maleic acid anhydride copolymer, 
poly(L-lactide-co-glycolide) copolymer, divinyl ether-ma 
leic anhydride copolymer, N-(2-hydroxypropyl)methacryla 
mide copolymer (HMPA), polyethylene glycol (PEG), poly 
vinyl alcohol (PVA), polyurethane, poly(2-ethylacryllic 
acid), N-isopropylacrylamide polymers, or polyphosphazine. 
Example of polyamines include: polyethylenimine, polyl 
ysine (PLL), spermine, spermidine, polyamine, pseudopep 
tide-polyamine, peptidomimetic polyamine, dendrimer 
polyamine, arginine, amidine, protamine, cationic lipid, cat 
ionic porphyrin, quaternary salt of a polyamine, or an alpha 
helical peptide. 
0485 Representative U.S. patents that teach the prepara 
tion of polynucleotide conjugates, particularly to RNA, 
include, but are not limited to, U.S. Pat. Nos. 4,828,979; 
4,948,882: 5,218,105: 5,525,465; 5,541,313; 5,545,730; 
5,552,538; 5,578,717, 5,580,731: 5,591,584; 5,109,124; 
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5,118,802; 5,138,045; 5,414,077; 5,486,603: 5,512,439; 
5,578,718; 5,608,046; 4,587,044; 4,605,735; 4,667,025; 
4,762,779; 4,789,737; 4,824,941; 4,835,263; 4,876,335; 
4,904,582: 4,958,013; 5,082,830; 5,112,963: 5,214,136; 
5,082,830; 5,112,963: 5,214,136; 5,245,022: 5,254,469; 
5,258,506; 5,262,536; 5,272,250; 5,292,873; 5,317,098: 
5,371,241, 5,391,723; 5,416.203, 5,451,463: 5,510,475; 
5,512,667: 5,514,785; 5,565,552; 5,567,810: 5,574,142: 
5,585,481: 5,587,371; 5,595,726; 5,597.696; 5,599,923; 
5,599,928 and 5,688,941; 6,294,664; 6,320,017; 6,576,752: 
6,783,931; 6,900,297: 7,037,646; each of which is herein 
incorporated by reference in their entireties. 
0486 In one embodiment, the conjugate of the present 
invention may function as a carrier for the modified nucleic 
acid molecules and mmRNA of the present invention. The 
conjugate may comprise a cationic polymer Such as, but not 
limited to, polyamine, polylysine, polyalkylenimine, and 
polyethylenimine which may be grafted to with poly(ethyl 
ene glycol). As a non-limiting example, the conjugate may be 
similar to the polymeric conjugate and the method of synthe 
sizing the polymeric conjugate described in U.S. Pat. No. 
6,586,524 herein incorporated by reference in its entirety. 
0487. The conjugates can also include targeting groups, 

e.g., a cell or tissue targeting agent, e.g., a lectin, glycopro 
tein, lipid or protein, e.g., an antibody, that binds to a specified 
cell type such as a kidney cell. A targeting group can be a 
thyrotropin, melanotropin, lectin, glycoprotein, Surfactant 
protein A. Mucin carbohydrate, multivalent lactose, multiva 
lent galactose, N-acetyl-galactosamine, N-acetyl-gulu 
cosamine multivalent mannose, multivalent fucose, glycosy 
lated polyaminoacids, multivalent galactose, transferrin, 
bisphosphonate, polyglutamate, polyaspartate, a lipid, cho 
lesterol, a steroid, bile acid, folate, vitamin B12, biotin, an 
RGD peptide, an RGD peptide mimetic or an aptamer. 
0488 Targeting groups can be proteins, e.g., glycopro 

teins, or peptides, e.g., molecules having a specific affinity for 
a co-ligand, or antibodies e.g., an antibody, that binds to a 
specified cell type such as a cancer cell, endothelial cell, or 
bone cell. Targeting groups may also include hormones and 
hormone receptors. They can also include non-peptidic spe 
cies, such as lipids, lectins, carbohydrates, vitamins, cofac 
tors, multivalent lactose, multivalent galactose, N-acetyl-ga 
lactosamine, N-acetyl-gulucosamine multivalent mannose, 
multivalent fucose, or aptamers. The ligand can be, for 
example, a lipopolysaccharide, or an activator of p38 MAP 
kinase. 

0489. The targeting group can be any ligand that is capable 
of targeting a specific receptor. Examples include, without 
limitation, folate, GalNAc, galactose, mannose, mannose-6P. 
apatamers, integrin receptor ligands, chemokine receptor 
ligands, transferrin, biotin, serotonin receptor ligands, 
PSMA, endothelin, GCPII, somatostatin, LDL, and HDL 
ligands. In particular embodiments, the targeting group is an 
aptamer. The aptamer can be unmodified or have any combi 
nation of modifications disclosed herein. 

0490. In one embodiment, pharmaceutical compositions 
of the present invention may include chemical modifications 
Such as, but not limited to, modifications similar to locked 
nucleic acids. 

0491 Representative U.S. patents that teach the prepara 
tion of locked nucleic acid (LNA) such as those from Santaris, 
include, but are not limited to, the following: U.S. Pat. Nos. 
6,268,490; 6,670,461; 6,794,499; 6,998,484; 7,053,207; 
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7,084.125; and 7,399,845, each of which is herein incorpo 
rated by reference in its entirety. 
0492 Representative U.S. patents that teach the prepara 
tion of PNA compounds include, but are not limited to, U.S. 
Pat. Nos. 5,539,082; 5,714,331; and 5,719,262, each of which 
is herein incorporated by reference. Further teaching of PNA 
compounds can be found, for example, in Nielsen et al., 
Science, 1991, 254, 1497-1500. 
0493. Some embodiments featured in the invention 
include modified nucleic acids or mmRNA with phospho 
rothioate backbones and oligonucleosides with other modi 
fied backbones, and in particular —CH2—NH-CH , 
—CH2—N(CH)—O—CH2—known as a methylene (me 
thylimino) or MMI backbone. —CH2—O N(CH)— 
CH , CH, N(CH) N(CH)—CH and 
—N(CH)—CH2—CH2—wherein the native phosphodi 
ester backbone is represented as —O P(O). O—CH 
of the above-referenced U.S. Pat. No. 5,489,677, and the 
amide backbones of the above-referenced U.S. Pat. No. 
5,602.240. In some embodiments, the polynucleotides fea 
tured herein have morpholino backbone structures of the 
above-referenced U.S. Pat. No. 5,034,506. 
0494 Modifications at the 2' position may also aid in 
delivery. Preferably, modifications at the 2' position are not 
located in a polypeptide-coding sequence, i.e., not in a trans 
latable region. Modifications at the 2' position may be located 
in a 5' UTR, a 3' UTR and/or a tailing region. Modifications at 
the 2' position can include one of the following at the 2 
position: H (i.e. 2'-deoxy); F: O-, S-, or N-alkyl; O-, S-, or 
N-alkenyl; O-, S- or N-alkynyl: or O-alkyl-O-alkyl, wherein 
the alkyl, alkenyl and alkynyl may be substituted or unsub 
stituted C to Co alkyl or C to Coalkenyl and alkynyl. 
Exemplary suitable modifications include O(CH), OCH, 
O(CH).OCH, O(CH), NH, O(CH), CH, O(CH) 
ONH, and O(CH)ON(CH2)CH), where n and mare 
from 1 to about 10. In other embodiments, the modified 
nucleic acids or mmRNA include one of the following at the 
2 position: C to Co lower alkyl, substituted lower alkyl, 
alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCHOCN, Cl, 
Br, CN, CF, OCF, SOCH, SOCHONO., NO, N, NH, 
heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, 
polyalkylamino, Substituted silyl, an RNA cleaving group, a 
reporter group, an intercalator, a group for improving the 
pharmacokinetic properties, or a group for improving the 
pharmacodynamic properties, and other Substituents having 
similar properties. In some embodiments, the modification 
includes a 2'-methoxyethoxy (2'-O CHCHOCH, also 
known as 2'-O-(2-methoxyethyl) or 2-MOE) (Martin et al., 
Helv. Chim. Acta, 1995, 78:486-504) i.e., an alkoxy-alkoxy 
group. Another exemplary modification is 2'-dimethylami 
nooxyethoxy, i.e. a O(CH)ON(CH) group, also known as 
2'-DMAOE, as described in examples herein below, and 
2'-dimethylaminoethoxyethoxy (also known in the art as 
2'-O-dimethylaminoethoxyethyl or 2'-DMAEOE), i.e., 
2'-O CH, O CH N(CH), also described in 
examples herein below. Other modifications include 2'-meth 
oxy (2'-OCH), 2-aminopropoxy (2'-OCH2CHCH-NH) 
and 2'-fluoro (2'-F). Similar modifications may also be made 
at other positions, particularly the 3' position of the Sugar on 
the 3' terminal nucleotide or in 2'-5' linked dsRNAs and the 5' 
position of 5' terminal nucleotide. Polynucleotides of the 
invention may also have Sugar mimetics such as cyclobutyl 
moieties in place of the pentofuranosyl Sugar. Representative 
U.S. patents that teach the preparation of such modified Sugar 
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structures include, but are not limited to, U.S. Pat. Nos. 4,981, 
957; 5,118,800; 5,319,080; 5,359,044: 5,393,878; 5,446,137; 
5,466,786; 5,514,785; 5,519,134: 5,567,811: 5,576.427; 
5,591,722; 5,597,909; 5,610,300; 5,627,053: 5,639,873; 
5,646,265; 5,658,873; 5,670,633; and 5,700,920 and each of 
which is herein incorporated by reference. 
0495. In still other embodiments, the modified nucleic 
acid molecule or mmRNA is covalently conjugated to a cell 
penetrating polypeptide. The cell-penetrating peptide may 
also include a signal sequence. The conjugates of the inven 
tion can be designed to have increased Stability; increased cell 
transfection; and/or altered the biodistribution (e.g., targeted 
to specific tissues or cell types). 

Self-Assembled Nanoparticles 

Nucleic Acid Self-Assembled Nanoparticles 
0496 Self-assembled nanoparticles have a well-defined 
size which may be precisely controlled as the nucleic acid 
Strands may be easily reprogrammable. For example, the 
optimal particle size for a cancer-targeting nanodelivery car 
rier is 20-100 nm as a diameter greater than 20 nm avoids 
renal clearance and enhances delivery to certain tumors 
through enhanced permeability and retention effect. Using 
self-assembled nucleic acid nanoparticles a single uniform 
population in size and shape having a precisely controlled 
spatial orientation and density of cancer-targeting ligands for 
enhanced delivery. As a non-limiting example, oligonucle 
otide nanoparticles were prepared using programmable self 
assembly of short DNA fragments and therapeutic siRNAs. 
These nanoparticles are molecularly identical with control 
lable particle size and target ligand location and density. The 
DNA fragments and siRNAs self-assembled into a one-step 
reaction to generate DNA/siRNA tetrahedral nanoparticles 
for targeted in vivo delivery. (Lee et al., Nature Nanotechnol 
ogy 2012 7:389-393; herein incorporated by reference in its 
entirety). 
0497. In one embodiment, the modified nucleic acid mol 
ecules and mmRNA disclosed herein may be formulated as 
self-assembled nanoparticles. As a non-limiting example, 
nucleic acids may be used to make nanoparticles which may 
be used in a delivery system for the modified nucleic acid 
molecules and/or mmRNA of the present invention (See e.g., 
International Pub. No. WO2012125987; herein incorporated 
by reference in its entirety). 
0498. In one embodiment, the nucleic acid self-assembled 
nanoparticles may comprise a core of the modified nucleic 
acid molecules or mmRNA disclosed herein and a polymer 
shell. The polymer shell may be any of the polymers 
described herein and are known in the art. In an additional 
embodiment, the polymer shell may be used to protect the 
modified nucleic acid molecules and mmRNA in the core. 

Polymer-Based Self-Assembled Nanoparticles 

0499 Polymers may be used to form sheets which self 
assembled into nanoparticles. These nanoparticles may be 
used to deliver the modified nucleic acids and mmRNA of the 
present invention. In one embodiment, these self-assembled 
nanoparticles may be microSponges formed of long polymers 
of RNA hairpins which form into crystalline pleated sheets 
before self-assembling into microSponges. These micro 
sponges are densely-packed sponge like microparticles 
which may function as an efficient carrier and may be able to 
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deliver cargo to a cell. The microSponges may be from 1 um 
to 300 nm in diameter. The microSponges may be complexed 
with other agents known in the art to form larger micro 
sponges. As a non-limiting example, the microSponge may be 
complexed with an agent to form an outer layer to promote 
cellular uptake such as polycation polyethyleneime (PEI). 
This complex can form a 250-nm diameter particle that can 
remain stable at high temperatures (150° C.) (Grabow and 
Jaegar, Nature Materials 2012, 11:269-269; herein incorpo 
rated by reference in its entirety). Additionally these micro 
sponges may be able to exhibit an extraordinary degree of 
protection from degradation by ribonucleases. 
0500. In another embodiment, the polymer-based self-as 
sembled nanoparticles Such as, but not limited to, micro 
sponges, may be fully programmable nanoparticles. The 
geometry, size and stoichiometry of the nanoparticle may be 
precisely controlled to create the optimal nanoparticle for 
delivery of cargo Such as, but not limited to, modified nucleic 
acid molecules and mmRNA. 

0501. In one embodiment, the polymer based nanopar 
ticles may comprise a core of the modified nucleic acid mol 
ecules and mmRNA disclosed herein and a polymer shell. 
The polymer shell may be any of the polymers described 
herein and are known in the art. In an additional embodiment, 
the polymer shell may be used to protect the modified nucleic 
acid molecules and mmRNA in the core. 

Inorganic Nanoparticles 

0502. The modified nucleic acid molecules or mmRNAs 
of the present invention may beformulated in inorganic nano 
particles (U.S. Pat. No. 8,257,745, herein incorporated by 
reference in its entirety). The inorganic nanoparticles may 
include, but are not limited to, clay Substances that are water 
Swellable. As a non-limiting example, the inorganic nanopar 
ticle may include synthetic Smectite clays which are made 
from simple silicates (See e.g., U.S. Pat. Nos. 5,585,108 and 
8.257,745 each of which are herein incorporated by reference 
in their entirety). 
0503. In one embodiment, the inorganic nanoparticles 
may comprise a core of the modified nucleic acids disclosed 
herein and a polymer shell. The polymer shell may be any of 
the polymers described herein and are known in the art. In an 
additional embodiment, the polymer shell may be used to 
protect the modified nucleic acids in the core. 

Semi-conductive and Metallic Nanoparticles 

0504. The modified nucleic acid molecules or mmRNAs 
of the present invention may be formulated in water-dispers 
ible nanoparticle comprising a semiconductive or metallic 
material (U.S. Pub. No. 20120228565; herein incorporated 
by reference in its entirety) or formed in a magnetic nanopar 
ticle (U.S. Pub. No. 20120265001 and 20120283503; each of 
which is herein incorporated by reference in its entirety). The 
water-dispersible nanoparticles may be hydrophobic nano 
particles or hydrophilic nanoparticles. 
0505. In one embodiment, the semi-conductive and/or 
metallic nanoparticles may comprise a core of the modified 
nucleic acids disclosed herein and a polymer shell. The poly 
mershell may be any of the polymers described herein and are 
known in the art. In an additional embodiment, the polymer 
shell may be used to protect the modified nucleic acids in the 
COC. 
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Gels and Hydrogels 
0506. In one embodiment, the modified mRNA disclosed 
herein may be encapsulated into any hydrogel known in the 
art which may form a gel when injected into a Subject. Hydro 
gels area network of polymerchains that are hydrophilic, and 
are sometimes found as a colloidal gel in which water is the 
dispersion medium. Hydrogels are highly absorbent (they can 
contain over 99% water) natural or synthetic polymers. 
Hydrogels also possess a degree of flexibility very similar to 
natural tissue, due to their significant water content. The 
hydrogel described herein may used to encapsulate lipid 
nanoparticles which are biocompatible, biodegradable and/or 
porous. 
0507 As a non-limiting example, the hydrogel may be an 
aptamer-functionalized hydrogel. The aptamer-functional 
ized hydrogel may be programmed to release one or more 
modified nucleic acid molecules and/or mmRNA using 
nucleic acid hybridization. (Battig et al., J. Am. Chem. Soci 
ety. 2012 134:12410-12413; herein incorporated by reference 
in its entirety). 
0508 As another non-limiting example, the hydrogel may 
be a shaped as an inverted opal. The opal hydrogels exhibit 
higher Swelling ratios and the Swelling kinetics is an order of 
magnitude faster as well. Methods of producing opal hydro 
gels and description of opal hydrogels are described in Inter 
national Pub. No. WO2012148684, herein incorporated by 
reference in its entirety. 
0509. In yet another non-limiting example, the hydrogel 
may be an antibacterial hydrogel. The antibacterial hydrogel 
may comprise a pharmaceutical acceptable salt or organic 
material Such as, but not limited to pharmaceutical grade 
and/or medical grade silver salt and aloe Vera gel or extract. 
(International Pub. No. WO2012151438, hereinincorporated 
by reference in its entirety). 
0510. In one embodiment, the modified mRNA may be 
encapsulated in a lipid nanoparticle and then the lipid nano 
particle may be encapsulated into a hydrogel. 
0511. In one embodiment, the modified mRNA disclosed 
herein may be encapsulated into any gel known in the art. As 
a non-limiting example the gel may be a fluorouracil inject 
able gel or a fluorouracil injectable gel containing a chemical 
compound and/or drug known in the art. As another example, 
the modified mRNA may beencapsulated in a fluorouracilgel 
containing epinephrine (See e.g., Smith et al. Cancer Chemo 
therapty and Pharmacology, 1999 44(4):267-274; herein 
incorporated by reference in its entirety). 
0512. In one embodiment, the modified nucleic acid mol 
ecules and/or mmRNA disclosed herein may be encapsulated 
into a fibrin gel, fibrin hydrogel or fibrin glue. In another 
embodiment, the modified nucleic acid molecules and/or 
mmRNA may be formulated in a lipid nanoparticle or a 
rapidly eliminated lipid nanoparticle prior to being encapsu 
lated into a fibringel, fibrin hydrogel or a fibrin glue. In yet 
another embodiment, the modified nucleic acid molecules 
and/or mmRNA may be formulated as a lipoplex prior to 
being encapsulated into a fibringel, hydrogel or a fibrin glue. 
Fibringels, hydrogels and glues comprise two components, a 
fibrinogen solution and a thrombin solution which is rich in 
calcium (See e.g., Spicer and Mikos, Journal of Controlled 
Release 2010. 148: 49-55; Kidd et al. Journal of Controlled 
Release 2012. 157:80-85; each of which is herein incorpo 
rated by reference in its entirety). The concentration of the 
components of the fibrin gel, hydrogel and/or glue can be 
altered to change the characteristics, the network mesh size, 
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and/or the degradation characteristics of the gel, hydrogel 
and/or glue Such as, but not limited to changing the release 
characteristics of the fibringel, hydrogel and/or glue. (See 
e.g., Spicer and Mikos, Journal of Controlled Release 2010. 
148: 49-55; Kidd et al. Journal of Controlled Release 2012. 
157:80-85; Catelas et al. Tissue Engineering 2008. 14:119 
128; each of which is herein incorporated by reference in its 
entirety). This feature may be advantageous when used to 
deliver the modified mRNA disclosed herein. (See e.g., Kidd 
et al. Journal of Controlled Release 2012. 157:80-85; Catelas 
et al. Tissue Engineering 2008. 14:119-128; each of which is 
herein incorporated by reference in its entirety). 

Cations and Anions 

0513. Formulations of modified nucleic acid molecules 
disclosed herein may include cations or anions. In one 
embodiment, the formulations include metal cations such as, 
but not limited to, Zn2+, Ca2+, Cu2+, Mg+ and combinations 
thereof. As a non-limiting example, formulations may 
include polymers and a modified mRNA complexed with a 
metal cation (See e.g., U.S. Pat. Nos. 6,265,389 and 6,555, 
525, each of which is herein incorporated by reference in its 
entirety). 

Molded Nanoparticles and Microparticles 

0514. The modified nucleic acid molecules and/or 
mmRNA disclosed herein may be formulated in nanopar 
ticles and/or microparticles. These nanoparticles and/or 
microparticles may be molded into any size shape and chem 
istry. As an example, the nanoparticles and/or microparticles 
may be made using the PRINT technology by LIQUIDA 
TECHNOLOGIES(R) (Morrisville, N.C.) (See e.g., Interna 
tional Pub. No. WO2007024323; herein incorporated by ref 
erence in its entirety). 
0515. In one embodiment, the molded nanoparticles may 
comprise a core of the modified nucleic acid molecules and/or 
mmRNA disclosed herein and a polymer shell. The polymer 
shell may be any of the polymers described herein and are 
known in the art. In an additional embodiment, the polymer 
shell may be used to protect the modified nucleic acid mol 
ecules and/or mmRNA in the core. 

Nano Jackets and NanoLiposomes 

0516. The modified nucleic acid molecules and/or 
mmRNA disclosed herein may beformulated in Nano Jackets 
and NanoLiposomes by Keystone Nano (State College, Pa.). 
Nano Jackets are made of compounds that are naturally found 
in the body including calcium, phosphate and may also 
include a small amount of silicates. Nanojackets may range in 
size from 5 to 50 nm and may be used to deliver hydrophilic 
and hydrophobic compounds Such as, but not limited to, 
modified nucleic acid molecules and/or mmRNA. 

0517 NanoLiposomes are made of lipids such as, but not 
limited to, lipids which naturally occur in the body. NanoLi 
posomes may range in size from 60-80 nm and may be used 
to deliver hydrophilic and hydrophobic compounds such as, 
but not limited to, modified nucleic acid molecules and/or 
mmRNA. In one aspect, the modified nucleic acids disclosed 
herein are formulated in a NanoLiposome such as, but not 
limited to, Ceramide NanoLiposomes. 
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Excipients 

0518) Pharmaceutical formulations may additionally 
comprise a pharmaceutically acceptable excipient, which, as 
used herein, includes, but are not limited to, any and all 
Solvents, dispersion media, diluents, or other liquid vehicles, 
dispersion or Suspension aids, Surface active agents, isotonic 
agents, thickening or emulsifying agents, preservatives, Solid 
binders, lubricants and the like, as suited to the particular 
dosage form desired. Various excipients for formulating phar 
maceutical compositions and techniques for preparing the 
composition are known in the art (see Remington. The Sci 
ence and Practice of Pharmacy, 21 Edition, A. R. Gennaro, 
Lippincott, Williams & Wilkins, Baltimore, Md., 2006; incor 
porated 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 by producing any unde 
sirable biological effect or otherwise interacting in a delete 
rious manner with any other component(s) of the pharmaceu 
tical composition. 
0519 In some embodiments, a pharmaceutically accept 
able excipient may beat least 95%, at least 96%, at least 97%, 
at least 98%, at least 99%, or 100% pure. In some embodi 
ments, an excipient may be approved for use for humans and 
for veterinary use. In some embodiments, an excipient may be 
approved by United States Food and Drug Administration. In 
Some embodiments, an excipient may be of pharmaceutical 
grade. In some embodiments, an excipient may meet the 
standards of the United States Pharmacopoeia (USP), the 
European Pharmacopoeia (EP), the British Pharmacopoeia, 
and/or the International Pharmacopoeia. 
0520 Pharmaceutically acceptable excipients used in the 
manufacture of pharmaceutical compositions include, but are 
not limited to, inert diluents, dispersing and/or granulating 
agents, Surface active agents and/or emulsifiers, disintegrat 
ing agents, binding agents, preservatives, buffering agents, 
lubricating agents, and/or oils. Such excipients may option 
ally be included in pharmaceutical formulations. The compo 
sition may also include excipients such as cocoa butter and 
Suppository waxes, coloring agents, coating agents, Sweeten 
ing, flavoring, and/or perfuming agents. 
0521 Exemplary diluents include, but are not limited to, 
calcium carbonate, Sodium carbonate, calcium phosphate, 
dicalcium phosphate, calcium Sulfate, calcium hydrogen 
phosphate, Sodium phosphate lactose, Sucrose, cellulose, 
microcrystalline cellulose, kaolin, mannitol, Sorbitol, inosi 
tol, Sodium chloride, dry starch, cornstarch, powdered Sugar, 
etc., and/or combinations thereof. 
0522 Exemplary granulating and/or dispersing agents 
include, but are not limited to, potato starch, corn starch, 
tapioca starch, Sodium starch glycolate, clays, alginic acid, 
guar gum, citrus pulp, agar, bentonite, cellulose and wood 
products, natural sponge, cation-exchange resins, calcium 
carbonate, silicates, sodium carbonate, cross-linked poly(vi 
nyl-pyrrolidone) (crospovidone), sodium carboxymethyl 
starch (sodium starch glycolate), carboxymethyl cellulose, 
cross-linked sodium carboxymethyl cellulose (croScarmel 
lose), methylcellulose, pregelatinized starch (starch 1500), 
microcrystalline starch, water insoluble starch, calcium car 
boxymethyl cellulose, magnesium aluminum silicate (VEE 
GUM(R), sodium lauryl Sulfate, quaternary ammonium com 
pounds, etc., and/or combinations thereof. 
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0523 Exemplary surface active agents and/or emulsifiers 
include, but are not limited to, natural emulsifiers (e.g. acacia, 
agar, alginic acid, sodium alginate, tragacanth, chondrux, 
cholesterol, Xanthan, pectin, gelatin, egg yolk, casein, wool 
fat, cholesterol, wax, and lecithin), colloidal clays (e.g. ben 
tonite aluminum silicate and VEEGUM(R) magnesium alu 
minum silicate), long chain amino acid derivatives, high 
molecular weight alcohols (e.g. Stearyl alcohol, cetyl alcohol, 
oleyl alcohol, triacetin monostearate, ethylene glycol distear 
ate, glyceryl monoStearate, and propylene glycol monostear 
ate, polyvinyl alcohol), carbomers (e.g. carboxy polymethyl 
ene, polyacrylic acid, acrylic acid polymer, and carboxyvinyl 
polymer), carrageenan, cellulosic derivatives (e.g. carboxym 
ethylcellulose sodium, powdered cellulose, hydroxymethyl 
cellulose, hydroxypropyl cellulose, hydroxypropyl methyl 
cellulose, methylcellulose), Sorbitan fatty acid esters (e.g. 
polyoxyethylene sorbitan monolaurate TWEENR20), poly 
oxyethylene sorbitan TWEEN(R60, polyoxyethylene sorbi 
tan monooleate TWEENR'80, sorbitan monopalmitate 
SPANR 40, sorbitan monostearate SPANR 60, sorbitan 
tristearate SPANR) 65, glyceryl monooleate, sorbitan 
monooleate ISPANR80), polyoxyethylene esters (e.g. poly 
oxyethylene monostearate MYRJR 45), polyoxyethylene 
hydrogenated castor oil, polyethoxylated castor oil, poly 
oxymethylene stearate, and SOLUTOL(R), sucrose fatty acid 
esters, polyethylene glycol fatty acid esters (e.g. CREMO 
PHORR), polyoxyethylene ethers, (e.g. polyoxyethylene 
lauryl ether BRIJR 30), poly(vinyl-pyrrolidone), diethyl 
ene glycol monolaurate, triethanolamine oleate, Sodium ole 
ate, potassium oleate, ethyl oleate, oleic acid, ethyl laurate, 
sodium lauryl sulfate, PLUORINCRF 68, POLOXAMER(R) 
188, cetrimonium bromide, cetylpyridinium chloride, benza 
Ikonium chloride, docusate Sodium, etc. and/or combinations 
thereof. 

0524 Exemplary binding agents include, but are not lim 
ited to, starch (e.g. cornstarch and starch paste); gelatin: Sug 
ars (e.g. Sucrose, glucose, dextrose, dextrin, molasses, lac 
tose, lactitol, mannitol.); natural and synthetic gums (e.g. 
acacia, Sodium alginate, extract of Irish moss, panwar gum, 
ghatti gum, mucilage of isapol husks, carboxymethylcellu 
lose, methylcellulose, ethylcellulose, hydroxyethylcellulose, 
hydroxypropyl cellulose, hydroxypropyl methylcellulose, 
microcrystalline cellulose, cellulose acetate, poly(vinyl-pyr 
rolidone), magnesium aluminum silicate (VEEGUM(R), and 
larch arabogalactan); alginates; polyethylene oxide; polyeth 
ylene glycol; inorganic calcium salts; silicic acid; poly 
methacrylates; waxes; water, alcohol; etc.; and combinations 
thereof. 

0525 Exemplary preservatives may include, but are not 
limited to, antioxidants, chelating agents, antimicrobial pre 
servatives, antifungal preservatives, alcohol preservatives, 
acidic preservatives, and/or other preservatives. Exemplary 
antioxidants include, but are not limited to, alpha tocopherol, 
ascorbic acid, acorbyl palmitate, butylated hydroxyanisole, 
butylated hydroxytoluene, monothioglycerol, potassium 
metabisulfite, propionic acid, propyl gallate, sodium ascor 
bate, sodium bisulfite, sodium metabisulfite, and/or sodium 
Sulfite. Exemplary chelating agents include ethylenediamine 
tetraacetic acid (EDTA), citric acid monohydrate, disodium 
edetate, dipotassium edetate, edetic acid, fumaric acid, malic 
acid, phosphoric acid, sodium edetate, tartaric acid, and/or 
trisodium edetate. Exemplary antimicrobial preservatives 
include, but are not limited to, benzalkonium chloride, ben 
Zethonium chloride, benzyl alcohol, bronopol, cetrimide, 
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cetylpyridinium chloride, chlorhexidine, chlorobutanol, 
chlorocresol, chloroxylenol, cresol, ethyl alcohol, glycerin, 
hexetidine, imidurea, phenol, phenoxyethanol, phenylethyl 
alcohol, phenylmercuric nitrate, propylene glycol, and/or 
thimerosal. Exemplary antifungal preservatives include, but 
are not limited to, butyl paraben, methyl paraben, ethyl para 
ben, propyl paraben, benzoic acid, hydroxybenzoic acid, 
potassium benzoate, potassium Sorbate, sodium benzoate, 
Sodium propionate, and/or sorbic acid. Exemplary alcohol 
preservatives include, but are not limited to, ethanol, polyeth 
ylene glycol, phenol, phenolic compounds, bisphenol, chlo 
robutanol, hydroxybenzoate, and/or phenylethyl alcohol. 
Exemplary acidic preservatives include, but are not limited to, 
Vitamin A, vitamin C. vitamin E, beta-carotene, citric acid, 
acetic acid, dehydroacetic acid, ascorbic acid, Sorbic acid, 
and/or phytic acid. Other preservatives include, but are not 
limited to, tocopherol, tocopherol acetate, deteroxime mesy 
late, cetrimide, butylated hydroxyanisol (BHA), butylated 
hydroxytoluened (BHT), ethylenediamine, sodium lauryl 
sulfate (SLS), sodium lauryl ether sulfate (SLES), sodium 
bisulfite, sodium metabisulfite, potassium Sulfite, potassium 
metabisulfite, GLYDANT PLUS(R), PHENONIPR), meth 
ylparaben, GERMALL(R) 115, GERMABENRII, 
NEOLONETM, KATHONTM, and/or EUXYL(R). 
0526 Exemplary buffering agents include, but are not lim 
ited to, citrate buffer solutions, acetate buffer solutions, phos 
phate buffer Solutions, ammonium chloride, calcium carbon 
ate, calcium chloride, calcium citrate, calcium glubionate, 
calcium gluceptate, calcium gluconate, d-gluconic acid, cal 
cium glycerophosphate, calcium lactate, propanoic acid, cal 
cium levulinate, pentanoic acid, dibasic calcium phosphate, 
phosphoric acid, tribasic calcium phosphate, calcium hydrox 
ide phosphate, potassium acetate, potassium chloride, potas 
sium gluconate, potassium mixtures, dibasic potassium phos 
phate, monobasic potassium phosphate, potassium phosphate 
mixtures, sodium acetate, sodium bicarbonate, sodium chlo 
ride, Sodium citrate, sodium lactate, dibasic sodium phos 
phate, monobasic sodium phosphate, Sodium phosphate mix 
tures, tromethamine, magnesium hydroxide, aluminum 
hydroxide, alginic acid, pyrogen-free water, isotonic saline, 
Ringer's solution, ethyl alcohol, etc., and/or combinations 
thereof. 

0527 Exemplary lubricating agents include, but are not 
limited to, magnesium Stearate, calcium Stearate, Stearic acid, 
silica, talc, malt, glyceryl behanate, hydrogenated vegetable 
oils, polyethylene glycol, Sodium benzoate, sodium acetate, 
Sodium chloride, leucine, magnesium lauryl Sulfate, sodium 
lauryl Sulfate, etc., and combinations thereof. 
0528 Exemplary oils include, but are not limited to, 
almond, apricot kernel, avocado, babassu, bergamot, black 
current seed, borage, cade, camomile, canola, caraway, car 
nauba, castor, cinnamon, cocoa butter, coconut, cod liver, 
coffee, corn, cotton seed, emu, eucalyptus, evening primrose, 
fish, flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, 
isopropyl myristate, jojoba, kukui nut, lavandin, lavender, 
lemon, litsea cubeba, macademia nut, mallow, mango seed, 
meadowfoam seed, mink, nutmeg, olive, orange, orange 
roughy, palm, palm kernel, peach kernel, peanut, poppy seed, 
pumpkin seed, rapeseed, rice bran, rosemary, Safflower, san 
dalwood, Sasquana, savoury, sea buckthorn, Sesame, shea 
butter, silicone, soybean, Sunflower, tea tree, thistle, tsubaki, 
Vetiver, walnut, and wheat germ oils. Exemplary oils include, 
but are not limited to, butyl Stearate, caprylic triglyceride, 
capric triglyceride, cyclomethicone, diethyl sebacate, dime 
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thicone 360, isopropyl myristate, mineral oil, octyldode 
canol, oleyl alcohol, silicone oil, and/or combinations 
thereof. 
0529 Excipients such as cocoa butter and suppository 
waxes, coloring agents, coating agents, Sweetening, flavor 
ing, and/or perfuming agents can be present in the composi 
tion, according to the judgment of the formulator. 

Delivery 
0530. The present disclosure encompasses the delivery of 
modified nucleic acid molecules or mmRNA for any of thera 
peutic, pharmaceutical, diagnostic or imaging by any appro 
priate route taking into consideration likely advances in the 
sciences of drug delivery. Delivery may be naked or formu 
lated. 

Naked Delivery 
0531. The modified nucleic acid molecules or mmRNA of 
the present invention may be delivered to a cell naked. As 
used herein in, “naked’ refers to delivering modified nucleic 
acid molecules or mmRNA free from agents which promote 
transfection. For example, the modified nucleic acid mol 
ecules or mmRNA delivered to the cell may contain no modi 
fications. The naked modified nucleic acid molecules or 
mmRNA may be delivered to the cell using routes of admin 
istration known in the art and described herein. 

Formulated Delivery 
0532. The modified nucleic acid molecules or mmRNA of 
the present invention may be formulated, using the methods 
described herein. The formulations may contain modified 
nucleic acid molecules or mmRNA which may be modified 
and/or unmodified. The formulations may further include, but 
are not limited to, cell penetration agents, a pharmaceutically 
acceptable carrier, a delivery agent, a bioerodible or biocom 
patible polymer, a solvent, and a Sustained-release delivery 
depot. The formulated modified nucleic acid molecules or 
mmRNA may be delivered to the cell using routes of admin 
istration known in the art and described herein. 
0533. The compositions may also be formulated for direct 
delivery to an organ or tissue in any of several ways in the art 
including, but not limited to, direct soaking or bathing, via a 
catheter, by gels, powder, ointments, creams, gels, lotions, 
and/or drops, by using Substrates such as fabric or biodegrad 
able materials coated or impregnated with the compositions, 
and the like. 

Administration 

0534. The modified nucleic acid molecules or mmRNA of 
the present invention may be administered by any route which 
results in a therapeutically effective outcome. These include, 
but are not limited to enteral, gastroenteral, epidural, oral, 
transdermal, epidural (peridural), intracerebral (into the cere 
brum), intracerebroventricular (into the cerebral ventricles), 
epicutaneous (application onto the skin), intradermal, (into 
the skin itself), Subcutaneous (under the skin), nasal admin 
istration (through the nose), intravenous (into a vein), intraar 
terial (into an artery), intramuscular (into a muscle), intrac 
ardiac (into the heart), intraosseous infusion (into the bone 
marrow), intrathecal (into the spinal canal), intraperitoneal, 
(infusion or injection into the peritoneum), intravesical influ 
Sion, intravitreal, (through the eye), intracavernous injection, 
(into the base of the penis), intravaginal administration, 
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intrauterine, extra-amniotic administration, transdermal (dif 
fusion through the intact skin for systemic distribution), 
transmucosal (diffusion through a mucous membrane), insuf 
flation (Snorting). Sublingual, Sublabial, enema, eye drops 
(onto the conjunctiva), or in ear drops. In specific embodi 
ments, compositions may be administered in a way which 
allows them cross the blood-brain barrier, vascular barrier, or 
other epithelial barrier. Non-limiting routes of administration 
for the modified nucleic acids or mmRNA of the present 
invention are described below. 

Parenteral and Injectible Administration 
0535 Liquid dosage forms for parenteral administration 
include, but are not limited to, pharmaceutically acceptable 
emulsions, microemulsions, 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 alco 
hol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl 
benzoate, propylene glycol, 1,3-butylene glycol, dimethyl 
formamide, oils (in particular, cottonseed, groundnut, corn, 
germ, olive, castor, and sesame oils), glycerol, tetrahydrofur 
furyl 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 Suspending agents, Sweetening, flavoring, 
and/or perfuming agents. In certain embodiments for 
parenteral administration, compositions are mixed with solu 
bilizing agents such as CREMOPHORR), alcohols, oils, 
modified oils, glycols, polysorbates, cyclodextrins, poly 
mers, and/or combinations thereof. 
0536. Injectable preparations, for example, sterile inject 
able aqueous or oleaginous Suspensions may be formulated 
according to the known art using Suitable dispersing agents, 
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 convention 
ally employed as a solvent or Suspending medium. For this 
purpose any bland fixed oil can be employed including Syn 
thetic mono- or diglycerides. Fatty acids such as oleic acid 
can be used in the preparation of injectables. 
0537 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 medium prior to use. 
0538. In order to prolong the effect of an active ingredient, 

it is often desirable to slow the absorption of the active ingre 
dient from Subcutaneous or intramuscular injection. This may 
be accomplished by the use of a liquid Suspension of crystal 
line or amorphous material with poor water solubility. The 
rate of absorption of the drug then depends upon its rate of 
dissolution which, in turn, may depend upon crystal size and 
crystalline form. Alternatively, delayed absorption of a 
parenterally administered drug form is accomplished by dis 
Solving or Suspending the drug in an oil vehicle. Injectable 
depot forms are made by forming microencapsule matrices of 
the drug in biodegradable polymers such as polylactide 
polyglycolide. Depending upon the ratio of drug to polymer 
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and the nature of the particular polymer employed, the rate of 
drug release can be controlled. Examples of other biodegrad 
able polymers include poly(orthoesters) and poly(anhy 
drides). Depot injectable formulations are prepared by 
entrapping the drug in liposomes or microemulsions which 
are compatible with body tissues. 

Rectal and Vaginal Administration 

0539 Compositions for rectal or vaginal administration 
are typically suppositories which can be prepared by mixing 
compositions with Suitable non-irritating excipients such as 
cocoa butter, polyethylene glycolora Suppository wax which 
are solid at ambient temperature but liquid at body tempera 
ture and therefore melt in the rectum or vaginal cavity and 
release the active ingredient. 

Oral Administration 

0540 Liquid dosage forms for oral administration 
include, but are not limited to, pharmaceutically acceptable 
emulsions, microemulsions, 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 alco 
hol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl 
benzoate, propylene glycol, 1,3-butylene glycol, dimethyl 
formamide, oils (in particular, cottonseed, groundnut, corn, 
germ, olive, castor, and sesame oils), glycerol, tetrahydrofur 
furyl 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 Suspending agents, Sweetening, flavoring, 
and/or perfuming agents. In certain embodiments for 
parenteral administration, compositions are mixed with solu 
bilizing agents such as CREMOPHORR), alcohols, oils, 
modified oils, glycols, polysorbates, cyclodextrins, poly 
mers, and/or combinations thereof. 
0541 Solid dosage forms for oral administration include 
capsules, tablets, pills, powders, and granules. In such solid 
dosage forms, an active ingredient is mixed with at least one 
inert, pharmaceutically acceptable excipient Such as sodium 
citrate or dicalcium phosphate and/or fillers or extenders (e.g. 
starches, lactose, Sucrose, glucose, mannitol, and silicic acid), 
binders (e.g. carboxymethylcellulose, alginates, gelatin, 
polyvinylpyrrolidinone. Sucrose, and acacia), humectants 
(e.g. glycerol), disintegrating agents (e.g. agar, calcium car 
bonate, potato or tapioca starch, alginic acid, certain silicates, 
and Sodium carbonate), solution retarding agents (e.g. paraf 
fin), absorption accelerators (e.g. quaternary ammonium 
compounds), wetting agents (e.g. cetyl alcohol and glycerol 
monostearate), absorbents (e.g. kaolin and bentonite clay), 
and lubricants (e.g. talc, calcium Stearate, magnesium Stear 
ate, Solid polyethylene glycols, sodium lauryl Sulfate), and 
mixtures thereof. In the case of capsules, tablets and pills, the 
dosage form may comprise buffering agents. 

Topical or Transdermal Administration 

0542. As described herein, compositions containing the 
modified nucleic acid molecules or mmRNA of the invention 
may beformulated for administration topically. The skin may 
be an ideal target site for delivery as it is readily accessible. 
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Gene expression may be restricted not only to the skin, poten 
tially avoiding nonspecific toxicity, but also to specific layers 
and cell types within the skin. 
0543. The site of cutaneous expression of the delivered 
compositions will depend on the route of nucleic acid deliv 
ery. Three routes are commonly considered to deliver modi 
fied nucleic acid molecules or mmRNA to the skin: (i) topical 
application (e.g. for local/regional treatment); (ii) intradermal 
injection (e.g. for local/regional treatment); and (iii) systemic 
delivery (e.g. for treatment of dermatologic diseases that 
affect both cutaneous and extracutaneous regions). Modified 
nucleic acid molecules or mmRNA can be delivered to the 
skin by several different approaches known in the art. Most 
topical delivery approaches have been shown to work for 
delivery of DNA, such as but not limited to, topical applica 
tion of non-cationic liposome-DNA complex, cationic lipo 
some-DNA complex, particle-mediated (gene gun), punc 
ture-mediated gene transfections, and viral delivery 
approaches. After delivery of the nucleic acid, gene products 
have been detected in a number of different skin cell types, 
including, but not limited to, basal keratinocytes, sebaceous 
gland cells, dermal fibroblasts and dermal macrophages. 
0544. In one embodiment, the invention provides for a 
variety of dressings (e.g., wound dressings) or bandages (e.g., 
adhesive bandages) for conveniently and/or effectively car 
rying out methods of the present invention. Typically dressing 
or bandages may comprise Sufficient amounts of pharmaceu 
tical compositions and/or modified nucleic acid molecules or 
mmRNA described hereinto allow a user to perform multiple 
treatments of a Subject(s). 
0545. In one embodiment, the invention provides for the 
modified nucleic acid molecules or mmRNA compositions to 
be delivered in more than one injection. 
0546. In one embodiment, before topical and/or transder 
mal administration at least one area of tissue, such as skin, 
may be subjected to a device and/or solution which may 
increase permeability. In one embodiment, the tissue may be 
subjected to anabrasion device to increase the permeability of 
the skin (see U.S. Patent Publication No. 20080275468, 
herein incorporated by reference in its entirety). In another 
embodiment, the tissue may be subjected to an ultrasound 
enhancement device. An ultrasound enhancement device may 
include, but is not limited to, the devices described in U.S. 
Publication No. 20040236268 and U.S. Pat. Nos. 6,491,657 
and 6,234,990; each of which are herein incorporated by 
reference in their entireties. Methods of enhancing the per 
meability of tissue are described in U.S. Publication Nos. 
2004.0171980 and 20040236268 and U.S. Pat. No. 6,190,315; 
each of which are herein incorporated by reference in their 
entireties. 

0547. In one embodiment, a device may be used to 
increase permeability of tissue before delivering formula 
tions of modified mRNA described herein. The permeability 
of skin may be measured by methods known in the art and/or 
described in U.S. Pat. No. 6,190,315, herein incorporated by 
reference in its entirety. As a non-limiting example, a modi 
fied mRNA formulation may be delivered by the drug deliv 
ery methods described in U.S. Pat. No. 6,190,315, herein 
incorporated by reference in its entirety. 
0548. In another non-limiting example tissue may be 
treated with a eutectic mixture of local anesthetics (EMLA) 
cream before, during and/or after the tissue may be subjected 
to a device which may increase permeability. Katz et al. 
(Anesth Analg (2004): 98:371-76; herein incorporated by 
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reference in its entirety) showed that using the EMLA cream 
in combination with a low energy, an onset of Superficial 
cutaneous analgesia was seen as fast as 5 minutes after a 
pretreatment with a low energy ultrasound. 
0549. In one embodiment, enhancers may be applied to the 
tissue before, during, and/or after the tissue has been treated 
to increase permeability. Enhancers include, but are not lim 
ited to, transport enhancers, physical enhancers, and cavita 
tion enhancers. Non-limiting examples of enhancers are 
described in U.S. Pat. No. 6,190,315, herein incorporated by 
reference in its entirety. 
0550. In one embodiment, a device may be used to 
increase permeability of tissue before delivering formula 
tions of modified mRNA described herein, which may further 
contain a substance that invokes an immune response. In 
another non-limiting example, a formulation containing a 
Substance to invoke an immune response may be delivered by 
the methods described in U.S. Publication Nos. 2004.0171980 
and 20040236268; each of which are herein incorporated by 
reference in their entireties. 
0551 Dosage forms for topical and/or transdermal admin 
istration of a composition may include ointments, pastes, 
creams, lotions, gels, powders, solutions, sprays, inhalants 
and/or patches. Generally, an active ingredient is admixed 
under Sterile conditions with a pharmaceutically acceptable 
excipient and/or any needed preservatives and/or buffers as 
may be required. 
0552. Additionally, the present invention contemplates the 
use of transdermal patches, which often have the added 
advantage of providing controlled delivery of a compound to 
the body. Such dosage forms may be prepared, for example, 
by dissolving and/or dispensing the compound in the proper 
medium. Alternatively or additionally, rate may be controlled 
by either providing a rate controlling membrane and/or by 
dispersing the compound in a polymer matrix and/or gel. 
0553 Formulations suitable for topical administration 
include, but are not limited to, liquid and/or semiliquid prepa 
rations such as liniments, lotions, oil in water and/or water in 
oil emulsions such as creams, ointments and/or pastes, and/or 
Solutions and/or Suspensions. Topically-administrable for 
mulations may, for example, comprise from about 0.1% to 
about 10% (w/w) active ingredient, although the concentra 
tion of active ingredient may be as high as the Solubility limit 
of the active ingredient in the solvent. Formulations for topi 
cal administration may further comprise one or more of the 
additional ingredients described herein. 

Depot Administration 
0554. As described herein, in some embodiments, the 
composition is formulated in depots for extended release. 
Generally, a specific organ or tissue (a "target tissue) is 
targeted for administration. 
0555. In some aspects of the invention, the modified 
nucleic acid molecules or mmRNA are spatially retained 
within or proximal to a target tissue. Provided are method of 
providing a composition to a target tissue of a mammalian 
Subject by contacting the target tissue (which contains one or 
more target cells) with the composition under conditions such 
that the composition, in particular the nucleic acid component 
(s) of the composition, is Substantially retained in the target 
tissue, meaning that at least 10, 20, 30, 40, 50, 60, 70, 80, 85, 
90, 95, 96, 97,98, 99, 99.9, 99.99 or greater than 99.99% of 
the composition is retained in the target tissue. Advanta 
geously, retention is determined by measuring the amount of 
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the nucleic acid present in the composition that enters one or 
more target cells. For example, at least 1, 5, 10, 20, 30, 40, 50. 
60, 70, 80, 85,90, 95, 96, 97,98, 99, 99.9, 99.99 or greater 
than 99.99% of the nucleic acids administered to the subject 
are present intracellularly at a period of time following 
administration. For example, intramuscular injection to a 
mammalian Subject is performed using an aqueous composi 
tion containing a ribonucleic acid and a transfection reagent, 
and retention of the composition is determined by measuring 
the amount of the ribonucleic acid present in the muscle cells. 
0556 Aspects of the invention are directed to methods of 
providing a composition to a target tissue of a mammalian 
Subject, by contacting the target tissue (containing one or 
more target cells) with the composition under conditions such 
that the composition is Substantially retained in the target 
tissue. The composition contains an effective amount of a 
nucleic acid molecules or mmRNA such that the polypeptide 
of interest is produced in at least one target cell. The compo 
sitions generally contain a cell penetration agent, although 
“naked nucleic acid (such as nucleic acids without a cell 
penetration agent or other agent) is also contemplated, and a 
pharmaceutically acceptable carrier. 

0557. In some circumstances, the amount of a protein pro 
duced by cells in a tissue is desirably increased. Preferably, 
this increase in protein production is spatially restricted to 
cells within the target tissue. Thus, provided are methods of 
increasing production of a protein of interest in a tissue of a 
mammalian Subject. A composition is provided that contains 
modified nucleic acid molecule or mmRNA characterized in 

that a unit quantity of composition has been determined to 
produce the polypeptide of interestina Substantial percentage 
of cells contained within a predetermined volume of the target 
tissue. 

0558. In some embodiments, the composition includes a 
plurality of different modified nucleic acid molecules or 
mmRNA, where one or more than one of the modified nucleic 
acid molecules or mmRNA encodes a polypeptide of interest. 
Optionally, the composition also contains a cell penetration 
agent to assist in the intracellular delivery of the composition. 
A determination is made of the dose of the composition 
required to produce the polypeptide of interestina Substantial 
percentage of cells contained within the predetermined Vol 
ume of the target tissue (generally, without inducing signifi 
cant production of the polypeptide of interest in tissue adja 
cent to the predetermined volume, or distally to the target 
tissue). Subsequent to this determination, the determined 
dose is introduced directly into the tissue of the mammalian 
Subject. 

0559. In one embodiment, the invention provides for the 
modified nucleic acid molecules or mmRNA to be delivered 
in more than one injection or by split dose injections. 

0560. In one embodiment, the invention may be retained 
near target tissue using a small disposable drug reservoir, 
patch pump or osmotic pump. Non-limiting examples of 
patch pumps include those manufactured and/or sold by 
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BDR), (Franklin Lakes, N.J.), Insulet Corporation (Bedford, 
Mass.), SteadyMed Therapeutics (San Francisco, Calif.), 
Medtronic (Minneapolis, Minn.) (e.g., MiniMed), UniLife 
(York, Pa.), Valeritas (Bridgewater, N.J.), and Spring Leaf 
Therapeutics (Boston, Mass.). A non-limiting example of an 
osmotic pump include those manufactured by DURECTOR) 
(Cupertino, Calif.) (e.g., DUROSR and ALZETR). 

Pulmonary Administration 

0561. A pharmaceutical composition may be prepared, 
packaged, and/or sold in a formulation Suitable for pulmonary 
administration via the buccal cavity. Such a formulation may 
comprise dry particles which comprise the active ingredient 
and which have a diameter in the range from about 0.5 nm to 
about 7 nm or from about 1 nm to about 6 mm. Such compo 
sitions are suitably in the form of dry powders for adminis 
tration using a device comprising a dry powder reservoir to 
which a stream of propellant may be directed to disperse the 
powder and/or using a self propelling solvent/powder dis 
pensing container Such as a device comprising the active 
ingredient dissolved and/or Suspended in a low-boiling pro 
pellantina sealed container. Such powders comprise particles 
wherein at least 98% of the particles by weight have a diam 
eter greater than 0.5 nm and at least 95% of the particles by 
number have a diameter less than 7 nm. Alternatively, at least 
95% of the particles by weight have a diameter greater than 1 
nm and at least 90% of the particles by number have a diam 
eter less than 6 nm. Dry powder compositions may include a 
Solid fine powder diluent Such as Sugar and are conveniently 
provided in a unit dose form. 
0562 Low boiling propellants generally include liquid 
propellants having a boiling point of below 65° F. at atmo 
spheric pressure. Generally the propellant may constitute 
50% to 99.9% (w/w) of the composition, and active ingredi 
ent may constitute 0.1% to 20% (w/w) of the composition. A 
propellant may further comprise additional ingredients such 
as a liquid non-ionic and/or solid anionic Surfactant and/or a 
solid diluent (which may have a particle size of the same order 
as particles comprising the active ingredient). 

0563 As a non-limiting example, the modified nucleic 
acid molecules or mmRNA described herein may be formu 
lated for pulmonary delivery by the methods described in 
U.S. Pat. No. 8.257,685; herein incorporated by reference in 
its entirety. 

0564 Pharmaceutical compositions formulated for pull 
monary delivery may provide an active ingredient in the form 
of droplets of a solution and/or Suspension. Such formula 
tions may be prepared, packaged, and/or sold as aqueous 
and/or dilute alcoholic Solutions and/or suspensions, option 
ally sterile, comprising active ingredient, and may conve 
niently be administered using any nebulization and/or atomi 
Zation device. Such formulations may further comprise one or 
more additional ingredients including, but not limited to, a 
flavoring agent such as Saccharin Sodium, a volatile oil, a 
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buffering agent, a surface active agent, and/or a preservative 
such as methylhydroxybenzoate. Droplets provided by this 
route of administration may have an average diameter in the 
range from about 0.1 nm to about 200 nm. 

Intranasal, Nasal and Buccal Administration 
0565 Formulations described herein as being useful for 
pulmonary delivery are useful for intranasal delivery of a 
pharmaceutical composition. Another formulation Suitable 
for intranasal administration is a coarse powder comprising 
the active ingredient and having an average particle from 
about 0.2 um to 500 um. Such a formulation is administered 
in the manner in which Snuff is taken, i.e. by rapid inhalation 
through the nasal passage from a container of the powder held 
close to the nose. 

0566 
for example, comprise from about as little as 0.1% (w/w) and 
as much as 100% (w/w) of active ingredient, and may com 
prise one or more of the additional ingredients described 
herein. A pharmaceutical composition may be prepared, 
packaged, and/or sold in a formulation Suitable for buccal 
administration. Such formulations may, for example, be in the 

Formulations Suitable for nasal administration may, 

form of tablets and/or lozenges made using conventional 
methods, and may, for example, 0.1% to 20% (w/w) active 
ingredient, the balance comprising an orally dissolvable and/ 
or degradable composition and, optionally, one or more of the 
additional ingredients described herein. Alternately, formu 
lations suitable for buccal administration may comprise a 
powder and/or an aerosolized and/or atomized solution and/ 
or Suspension comprising active ingredient. Such powdered, 
aerosolized, and/or aerosolized formulations, when dis 
persed, may have an average particle and/or droplet size in the 
range from about 0.1 nm to about 200 nm, and may further 
comprise one or more of any additional ingredients described 
herein. 

Ophthalmic Administration 
0567 
packaged, and/or sold in a formulation Suitable for oph 
thalmic administration. Such formulations may, for example, 
be in the form of eye drops including, for example, a 0.1/1.0% 
(w/w) solution and/or Suspension of the active ingredient in 

A pharmaceutical composition may be prepared, 

an aqueous or oily liquid excipient. Such drops may further 
comprise buffering agents, salts, and/or one or more other of 
any additional ingredients described herein. Other oph 
thalmically-administrable formulations which are useful 
include those which comprise the active ingredient in micro 
crystalline form and/or in a liposomal preparation. Ear drops 
and/or eye drops are contemplated as being within the scope 
of this invention. A multilayer thin film device may be pre 
pared to contain a pharmaceutical composition for delivery to 
the eye and/or Surrounding tissue. 

Payload Administration Detectable Agents and Therapeutic 
Agents 
0568. The modified nucleic acid molecules or mmRNA 
described herein can be used in a number of different sce 
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narios in which delivery of a substance (the “payload') to a 
biological target is desired, for example delivery of detectable 
substances for detection of the target, or delivery of a thera 
peutic agent. Detection methods can include, but are not 
limited to, both imaging in vitro and in vivo imaging methods, 
e.g., immunohistochemistry, bioluminescence imaging 
(BLI), Magnetic Resonance Imaging (MRI), positron emis 
sion tomography (PET), electron microscopy, X-ray com 
puted tomography, Raman imaging, optical coherence 
tomography, absorption imaging, thermal imaging, fluores 
cence reflectance imaging, fluorescence microscopy, fluores 
cence molecular tomographic imaging, nuclear magnetic 
resonance imaging, X-ray imaging, ultrasound imaging, pho 
toacoustic imaging, lab assays, or in any situation where 
tagging/staining/imaging is required. 
0569. The modified nucleic acid molecules or mmRNA 
can be designed to include both a linker and a payload in any 
useful orientation. For example, a linker having two ends is 
used to attach one end to the payload and the other end to the 
nucleobase, such as at the C-7 or C-8 positions of the deaza 
adenosine or deaza-guanosine or to the N-3 or C-5 positions 
of cytosine or uracil. The polynucleotide of the invention can 
include more than one payload (e.g., a label and a transcrip 
tion inhibitor), as well as a cleavable linker. 
0570 
modified 7-deaza-adenosine triphosphate, where one end of a 
cleavable linker is attached to the C7 position of 7-deaza 
adenine, the other end of the linker is attached to an inhibitor 
(e.g., to the C5 position of the nucleobase on a cytidine), and 
a label (e.g., Cy5) is attached to the center of the linker (see, 
e.g., compound I of ApCp C5 Parg Capless in FIG. 5 and 
columns 9 and 10 of U.S. Pat. No. 7,994,304, incorporated 
herein by reference). Upon incorporation of the modified 
7-deaza-adenosine triphosphate to an encoding region, the 
resulting polynucleotide having a cleavable linker attached to 
a label and an inhibitor (e.g., a polymerase inhibitor). Upon 
cleavage of the linker (e.g., with reductive conditions to 
reduce a linker having a cleavable disulfide moiety), the label 
and inhibitor are released. Additional linkers and payloads 
(e.g., therapeutic agents, detectable labels, and cell penetrat 
ing payloads) are described herein. 
0571 Scheme 12 below depicts an exemplary modified 
nucleotide wherein the nucleobase, adenine, is attached to a 
linker at the C-7 carbon of 7-deaza adenine. In addition, 
Scheme 12 depicts the modified nucleotide with the linker 
and payload, e.g., a detectable agent, incorporated onto the 3' 
end of the mRNA. Disulfide cleavage and 1,2-addition of the 
thiol group onto the propargyl ester releases the detectable 
agent. The remaining structure (depicted, for example, as 
pApC5 Parg in Scheme 12) is the inhibitor. The rationale for 
the structure of the modified nucleotides is that the tethered 

inhibitor sterically interferes with the ability of the poly 
merase to incorporate a second base. Thus, it is critical that 
the tether be long enough to affect this function and that the 
inhibiter be in a stereochemical orientation that inhibits or 

prohibits second and follow on nucleotides into the growing 
polynucleotide strand. 

In one embodiment, the modified nucleotide is a 
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-continued 

OH OH 

0572 For example, the modified nucleic acid molecules or 
mmRNA described herein can be used in reprogramming 
induced pluripotent stem cells (iPS cells), which can directly 
track cells that are transfected compared to total cells in the 
cluster. In another example, a drug that may be attached to the 
modified nucleic acid molecules or mmRNA via a linker and 
may be fluorescently labeled can be used to track the drug in 
Vivo, e.g. intracellularly. Other examples include, but are not 
limited to, the use of modified nucleic acid molecules or 
mmRNA in reversible drug delivery into cells. 
0573. The modified nucleic acid molecules or mmRNA 
described herein can be used in intracellular targeting of a 
payload, e.g., detectable or therapeutic agent, to specific 
organelle. Exemplary intracellular targets can include, but are 
not limited to, the nuclear localization for advanced mRNA 
processing, or a nuclear localization sequence (NLS) linked 
to the mRNA containing an inhibitor. 
0574. In addition, the modified nucleic acid molecules or 
mmRNA described herein can be used to deliver therapeutic 
agents to cells or tissues, e.g., in living animals. For example, 
the modified nucleic acids or mmRNA described herein can 
be used to deliver highly polar chemotherapeutics agents to 
kill cancer cells. The modified nucleic acid molecules or 
mmRNA attached to the therapeutic agent through a linker 
can facilitate member permeation allowing the therapeutic 
agent to travel into a cell to reach an intracellular target. 
0575. In one example, the linker is attached at the 2'-posi 
tion of the ribose ring and/or at the 3' and/or 5' position of the 
modified nucleic acid molecule or mmRNA (See e.g., Inter 
national Pub. No. WO2012030683, herein incorporated by 
reference in its entirety). The linker may be any linker dis 
closed herein, known in the art and/or disclosed in Interna 
tional Pub. No. WO2012030683, herein incorporated by ref 
erence in its entirety. 

0576. In another example, the modified nucleic acid mol 
ecules or mmRNA can be attached to the modified nucleic 
acid molecules or mmRNA a viral inhibitory peptide (VIP) 
through a cleavable linker. The cleavable linker can release 
the VIP and dye into the cell. In another example, the modi 
fied nucleic acid molecules or mmRNA can be attached 
through the linker to an ADP-ribosylate, which is responsible 
for the actions of some bacterial toxins. Such as cholera toxin, 
diphtheria toxin, and pertussis toxin. These toxin proteins are 
ADP-ribosyltransferases that modify target proteins in 
human cells. For example, cholera toxin ADP-ribosylates G 
proteins modifies human cells by causing massive fluid secre 
tion from the lining of the small intestine, which results in 
life-threatening diarrhea. 
0577. In some embodiments, the payload may be a thera 
peutic agent such as a cytotoxin, radioactive ion, chemothera 
peutic, or other therapeutic agent. A cytotoxin or cytotoxic 
agent includes any agent that may be detrimental to cells. 
Examples include, but are not limited to, taxol, cytochalasin 
B, gramicidin D, ethidium bromide, emetine, mitomycin, 
etoposide, teniposide, Vincristine, vinblastine, colchicine, 
doxorubicin, daunorubicin, dihydroxyanthracinedione, 
mitoxantrone, mithramycin, actinomycin D, 1-dehydrotest 
osterone, glucocorticoids, procaine, tetracaine, lidocaine, 
propranolol, puromycin, maytansinoids, e.g., maytansinol 
(see U.S. Pat. No. 5,208,020 incorporated herein in its 
entirety), rachelmycin (CC-1065, see U.S. Pat. Nos. 5,475, 
092, 5,585.499, and 5,846,545, all of which are incorporated 
herein by reference), and analogs or homologs thereof. 
Radioactive ions include, but are not limited to iodine (e.g., 
iodine 125 or iodine 131), strontium 89, phosphorous, palla 
dium, cesium, iridium, phosphate, cobalt, yttrium 90, 
Samarium 153, and praseodymium. Other therapeutic agents 
include, but are not limited to, antimetabolites (e.g., methotr 
exate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluo 

  














































































































































































































