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NUCLEOSIDE - MODIFIED RNA FOR 
INDUCING AN ADAPTIVE IMMUNE 

RESPONSE 

[ 0009 ] In one embodiment , the composition further com 
prises a lipid nanoparticle ( LNP ) . In one embodiment , the at 
least one nucleoside - modified RNA is encapsulated within 
the LNP . In one embodiment , the LNP comprises a com 
pound having a structure of Formula ( 1 ) : 

CROSS - REFERENCES TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to U . S . Provisional 
Patent Application No . 62 / 153 , 143 filed on Apr . 27 , 2015 , 
the contents of which are incorporated by reference herein in 
its entirety . 

Rla R2a R3a R4a 

Rs the L 1 N 1 
R10 R20 

12 | 
R36 R45 RB RARO STATEMENT REGARDING FEDERALLY 

SPONSORED RESEARCH OR DEVELOPMENT 
[ 0002 ] This invention was made with government support 
under RO1 - AI - 090788 awarded by the National Institute of 
Health . The government has certain rights in the invention . 

BACKGROUND OF THE INVENTION 
[ 0003 ] Nucleic acid vaccines ( NAV ) have been under 
development for more than two decades . While significant 
advances have been made in terms of the use of DNA 
vaccine strategies , much less progress has been made with 
RNA vaccination strategies . Messenger RNA ( mRNA ) vac 
cines have the potential to be developed quickly and may 
provide a potent response . mRNA vaccines have the advan 
tage of providing a response when delivered to the cyto 
plasm , as compared to DNA vaccines , which must be 
delivered to the nucleus . 
[ 0004 ] However , mRNA vaccine development has been 
hampered due to problems with mRNA stability , delivery 
and immunogenicity directed against the mRNA itself via 
the innate immune system . While optimization of RNA 
vaccines has proven somewhat effective in recent years in an 
ex vivo setting , current methods of producing mRNA vac 
cines provide poor antibody and CD8 + T - cell responses 
when directly administered in vivo . 
[ 0005 ] Thus , there is a need in the art for improved 
compositions and methods of using RNA encoding an 
antigen for induction of an adaptive immune response . The 
present invention satisfies this unmet need . 

or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 
[ 0010 ] L ' and L2 are each independently O ( C = 0 ) , 

( C = 0 ) 0 or a carbon - carbon double bond ; 
[ 0011 ] Ria and R16 are , at each occurrence , independently 
either ( a ) H or C2 - C12 alkyl , or ( b ) Rla is H or C - C12 alkyl , 
and Rib together with the carbon atom to which it is bound 
is taken together with an adjacent R1h and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0012 ] R2a and R25 are , at each occurrence , independently 
either ( a ) H or C1 - C12 alkyl , or ( b ) R24 is H or C1 - C12 alkyl , 
and R25 together with the carbon atom to which it is bound 
is taken together with an adjacent R26 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 

[ 0013 ] R32 and R36 are , at each occurrence , independently 
either ( a ) H or C , - C12 alkyl , or ( b ) R3a is H or C , - C12 alkyl , 
and R36 together with the carbon atom to which it is bound 
is taken together with an adjacent R3b and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0014 ] R4a and R46 are , at each occurrence , independently 
either ( a ) H or C2 - C12 alkyl , or ( b ) R4a is H or C - C12 alkyl , 
and R4h together with the carbon atom to which it is bound 
is taken together with an adjacent R45 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0015 ] RS and Roare each independently methyl or 
cycloalkyl ; 
[ 0016 ] RP is , at each occurrence , independently H or 
C1 - C12 alkyl ; 
[ 0017 ] R $ and Rº are each independently unsubstituted 
CZ - C12 alkyl ; or R8 and Rº , together with the nitrogen atom 
to which they are attached , form a 5 , 6 or 7 - membered 
heterocyclic ring comprising one nitrogen atom ; 
[ 0018 ] a and d are each independently an integer from 0 to 
24 ; 

00191 b and c are each independently an integer from 1 to 
24 ; and 
[ 0020 ] e is 1 or 2 . 

SUMMARY OF THE INVENTION 
[ 0006 ] In one aspect , the present invention provides a 
composition for inducing an adaptive immune response in a 
subject , where the composition comprises at least one 
nucleoside - modified RNA encoding at least one antigen . In 
one embodiment , the at least one isolated nucleoside - modi 
fied RNA comprises pseudouridine . In one embodiment , the 
at least one isolated nucleoside - modified RNA comprises 
1 - methyl - pseudouridine . 
10007 ] In one embodiment , the at least one antigen 
encoded by the nucleoside - modified RNA is a viral antigen , 
a bacterial antigen , a fungal antigen , a parasitic antigen , a 
tumor - associated antigen , or a tumor - specific antigen . In one 
embodiment , the at least one antigen comprises an HIV 
antigen . In one embodiment , the HIV antigen comprises 
Envelope ( Env ) . In one embodiment , the at least one antigen 
comprises an influenza antigen . In one embodiment , the 
influenza antigen comprises hemagglutinin ( HA ) . 
10008 ] In one embodiment , the composition further com - 
prises an adjuvant . In one embodiment , the at least one 
nucleoside - modified RNA further encodes at least one adju 
vant . In one embodiment , the composition is a vaccine . 
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[ 0021 ] In one embodiment , the LNP comprises a com 
pound having a structure of Formula ( II ) : 

RlaRaR3aRta 

and R46 together with the carbon atom to which it is bound 
is taken together with an adjacent R4h and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0031 ] R and Rare each independently H or methyl ; 
[ 0032 ] R ’ is C4 - C20 alkyl ; 
[ 0033 ] R $ and Rº are each independently C , - C12 alkyl ; or 
R8 and Rº , together with the nitrogen atom to which they are 
attached , form a 5 , 6 or 7 - membered heterocyclic ring ; 
[ 0034 ] a , b , c and d are each independently an integer from 
1 to 24 ; and 
10035 ] x is 0 , 1 or 2 . 
[ 0036 ] In one embodiment , the LNP comprises a com 
pound having a structure of Formula ( III ) : 

2 ̂  1 R57 My 
R16 R2 R3 R R45 

N 

2 

( III ) 

? R1 - L G1 N 61 62 - G2 R2 

or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 
[ 0022 ] L ' and L2 are each independently O ( C = O ) , 
- ( C = 0 ) 0 , C30 , 0 , - S ( O ) - , 
- S S - , CEO ) S — , - SC ( O ) - , - NR " C ( O ) - , 
- CO ) NR , NR “ CEO ) NR " , OCO ) NR , 
- NR " C ( = O ) O - , or a direct bond ; 
[ 0023 ] G ' is C - C2 alkylene , ( C = O ) , O ( C = O ) , 
- SCO ) - , - NR°C ( = O ) — or a direct bond ; 
[ 0024 ] G² is CEO ) , ( C = 0 , C ( = O ) S , 
- C ( O ) NR " or a direct bond ; 

[ 0025 ] Gº is C . - C . alkylene ; 
[ 0026 ] Rºis H or C7 - C12 alkyl ; 
[ 0027 ] Rla and Rib are , at each occurrence , independently 
either : ( a ) H or C1 - C12 alkyl ; or ( b ) Rla is H or C , - C12 alkyl , 
and R 16 together with the carbon atom to which it is bound 
is taken together with an adjacent R16 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0028 ] R2a and R2b are , at each occurrence , independently 
either : ( a ) H or C1 - C12 alkyl ; or ( b ) R24 is Hor C7 - C12 alkyl , 
and R26 together with the carbon atom to which it is bound 
is taken together with an adjacent R25 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0029 ] R34 and R3h are , at each occurrence , independently 
either : ( a ) H or C2 - C12 alkyl ; or ( b ) R3a is Hor C / - C12 alkyl , 
and R together with the carbon atom to which it is bound 
is taken together with an adjacent R3h and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0030 ] R4a and R4h are , at each occurrence , independently 
either : ( a ) H or C1 - C12 alkyl ; or ( b ) R4a is Hor CZ - C12 alkyl , 

or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 

[ 0037 ] one of L ' or L² is O ( C = O ) , ( C = 010 , 
C ( O ) - , - , - S ( O ) , - , S S — , 
CEO ) S , SC ( O ) - , - NR°CEO ) , 
CEO ) NR , NR°C ( O ) NR — , OC ) 

NRC — or - NR°C ( O ) O - , and the other of L ' or L ? 
isO ( C = O ) , ( C = O ) 0 , CEO ) , 0 , 

S ( O ) x - , S - S - , CO ) S — , SCO ) , 
- NR “ CEO , CFO ) NR , NR°C ) NR , 
OC ( O ) NR — or — NR°C ( = O ) 0 or a direct 

bond ; 
[ 0038 ] G and G are each independently unsubstituted 
C1 - C12 alkylene or C , - C12 alkenylene ; 
[ 0039 ] Gº is C . - C24 alkylene , C . - C24 alkenylene , C3 - C , 
cycloalkylene , C3 - C , cycloalkenylene ; 
[ 0040 ] Rºis H or C7 - C12 alkyl ; 
[ 0041 ] RP and R ? are each independently C . - C24 alkyl or 
C6 - C24 alkenyl ; 
[ 0042 ] R ’ is H , OR , CN , CEO ) OR , OC ( = O ) R4 
or - NR C ( O ) R + ; 
[ 0043 ] R * is C . - C12 alkyl ; 
10044 ] RS is H or C , - Co alkyl ; and 
[ 0045 ] x is 0 , 1 or 2 . 
[ 0046 ] In one embodiment , the LNP comprises a com 
pound having one of the following structures : 
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[ 0047 ] In one embodiment , the LNP comprises a pegy 
lated lipid having the following structure ( IV ) : 

( IV ) 

VRIO 
Ril 

or a pharmaceutically acceptable salt , tautomer or stereoi 
somer thereof , wherein : 
[ 0048 ) R1° and R11 are each independently a straight or 
branched , saturated or unsaturated alkyl chain containing 
from 10 to 30 carbon atoms , wherein the alkyl chain is 
optionally interrupted by one or more ester bonds ; and 
[ 0049 ] z has a mean value ranging from 30 to 60 . 
[ 0050 ] In one embodiment , the pegylated lipid has the 
following structure ( IVA ) : 

an effective amount of a composition comprising at least one 
nucleoside - modified RNA encoding at least one antigen . In 
one embodiment , the at least one isolated nucleoside - modi 
fied RNA comprises pseudouridine . In one embodiment , the 
at least one isolated nucleoside - modified RNA comprises 
1 - methyl - pseudouridine . 
[ 0053 ] In one embodiment , the at least one antigen 
encoded by the nucleoside - modified RNA is a viral antigen , 
a bacterial antigen , a fungal antigen , a parasitic antigen , a 
tumor - associated antigen , or a tumor - specific antigen . In one 
embodiment , the at least one antigen comprises an HIV 
antigen . In one embodiment , the HIV antigen comprises 
Envelope ( Env ) . In one embodiment , the at least one antigen 
comprises an influenza antigen . In one embodiment , the 
influenza antigen comprises hemagglutinin ( HA ) . 
[ 0054 ] In one embodiment , the composition further com 
prises an adjuvant . In one embodiment , the at least one 
nucleoside - modified RNA further encodes at least one adju 
vant . In one embodiment , the composition is a vaccine . 
[ 0055 ] In one embodiment , the composition further com 
prises a lipid nanoparticle ( LNP ) . In one embodiment , the at 
least one nucleoside - modified RNA is encapsulated within 
the LNP . In one embodiment , the LNP comprises a com 
pound having a structure of Formula ( I ) : 

( IVa ) 

Rla R2a R3a Ra 

Rs Thalithan the 121 RO 
R1 R2 R3 R4b R8 Rt [ 0051 ] wherein n is an integer selected such that the 

average molecular weight of the pegylated lipid is about 
2500 g / mol . 
[ 0052 ] In one aspect , the present invention provides a 
method of inducing an adaptive immune response in a 
subject . The method comprises administering to the subject 
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or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 
[ 0056 ] L ' and L are each independently O ( C = 0 ) ; 
- ( C = 0 ) 0 — or a carbon - carbon double bond ; 

[ 0057 ] Rla and Rib are , at each occurrence , independently 
either ( a ) H or CZ - C12 alkyl , or ( b ) Rla is H or C - C12 alkyl , 
and R16 together with the carbon atom to which it is bound 
is taken together with an adjacent R ' ' and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0058 ] R24 and R26 are , at each occurrence , independently 
either ( a ) H or CZ - C12 alkyl , or ( b ) R24 is H or C - C12 alkyl , 
and R25 together with the carbon atom to which it is bound 
is taken together with an adjacent R " and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0059 ] R34 and R36 are , at each occurrence , independently 
either ( a ) H or C - C , , alkyl , or ( b ) R3a is H or C , - C12 alkyl , 
and R36 together with the carbon atom to which it is bound 
is taken together with an adjacent R9 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0060 ] R44 and R45 are , at each occurrence , independently 
either ( a ) H or CZ - C12 alkyl , or ( b ) R4a is H or C - C12 alkyl , 
and R4h together with the carbon atom to which it is bound 
is taken together with an adjacent R46 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0061 ] RS and Ró are each independently methyl or 
cycloalkyl ; 
[ 0062 ] R7 is , at each occurrence , independently H or 
C2 - C12 alkyl ; 
[ 0063 ] RS and Rº are each independently unsubstituted 
C - C12 alkyl ; or Rand R , together with the nitrogen atom 
to which they are attached , form a 5 , 6 or 7 - membered 
heterocyclic ring comprising one nitrogen atom ; 
[ 0064 ) a and d are each independently an integer from 0 to 
24 ; 
[ 0065 ] b and c are each independently an integer from 1 to 
24 ; and 
[ 0066 ] e is 1 or 2 . 
0067 ] In one embodiment , the LNP comprises a com 
pound having a structure of Formula ( II ) : 

[ 0071 ] Gº is C - C . alkylene ; 
[ 0072 ] Rº is H or C , - C12 alkyl ; 
[ 0073 ] Rla and Rlbare , at each occurrence , independently 
either : ( a ) H or CZ - C12 alkyl ; or ( b ) Rla is H or CZ - C12 alkyl , 
and R16 together with the carbon atom to which it is bound 
is taken together with an adjacent R16 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
100741 R24 and R26 are , at each occurrence , independently 
either : ( a ) H or C , - C12 alkyl ; or ( b ) R24 is H or C , - C12 alkyl , 
and R25 together with the carbon atom to which it is bound 
is taken together with an adjacent R25 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0075 ] R34 and R3b are , at each occurrence , independently 
either : ( a ) H or C , - C , 2 alkyl ; or ( b ) R $ a is H or C , - C 2 alkyl , 
and R * * together with the carbon atom to which it is bound 
is taken together with an adjacent R36 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
00761 R4a and R4b are , at each occurrence , independently 
either : ( a ) H or C , - C12 alkyl ; or ( b ) R4a is H or C , - C12 alkyl , 
and R4h together with the carbon atom to which it is bound 
is taken together with an adjacent R46 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 

f 0077 ] Rs and R are each independently H or methyl ; 
10078 ] R7 is C4 - C20 alkyl ; 
[ 0079 ] R $ and Rº are each independently C7 - C12 alkyl ; or 
R $ and Rº , together with the nitrogen atom to which they are 
attached , form a 5 , 6 or 7 - membered heterocyclic ring ; 
[ 0080 ] a , b , c and d are each independently an integer from 
1 to 24 ; and 
[ 0081 ] x is 0 , 1 or 2 . 
[ 0082 ] In one embodiment , the LNP comprises a com 
pound having a structure of Formula ( III ) : 

( III ) 
? 

P 

RI - L ! 62 R2 

Rla R2a R3a R4a 

R5 The Lit 
RIO R26 R36 

2 | R6 
R45 

OCEIP is OLCS ' S NR ; G3 R8 

or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 
[ 0083 ] one of L ' or L² is O ( C = 0 ) , ( C = 010 , 
CEO ) — , - 0 - , - S ( O ) - , - S - S — , C ( O ) S — , 

SCFO ) — NR “ C ( O ) - , - C ( = O ) NR , NR “ C 
( O ) NR - , - OCEO ) NRC — or — NR “ C ( O ) O - , and 
the other of L or L² is O ( C = O ) - , ( C = 0 ) 0 , 
- C10 - , - 0 - , - S ( O ) - , - S 5 % , CEO ) S — , 
SC ( O ) - , - NR°C ( O ) - , - C ( O ) NR , NR°C 
( O ) NR , OC O ) NRa — or — NR°C ( 0 ) 0 — or a 
direct bond ; 
[ 0084 ] G and G are each independently unsubstituted 
C1 - C12 alkylene or C - C12 alkenylene ; 
[ 0085 ] G is C1 - C24 alkylene , C . - C24 alkenylene , Cz - Cg 
cycloalkylene , Cz - Cg cycloalkenylene ; 
[ 0086 ] Rºis H or C , - C12 alkyl ; 
[ 0087 ] R and R2 are each independently C6 - C24 alkyl or 
C6 - C24 alkenyl ; 
[ 0088 ] R3 is H , ORS , CN , C OOR , OC ( O ) R4 
or - NR - C ( O ) R4 ; 
[ 0089 ] R4 is C , - C12 alkyl ; 
[ 0090 ] R is H or CZ - C6 alkyl ; and 
[ 0091 ] x is 0 , 1 or 2 . 

or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 
[ 0068 ] L ' and L ? are each independently O ( C = O ) - , 
- ( C = 0 ) O - , C ( = O ) , 0 - , - S ( O ) , - , 
- S — 5 — , - C ( O ) - , - S ( O ) - , - NR " C ( 0 ) , 
- C ( O ) NR — , - NR " C O ) NR " , - OC ( O ) NR , 
- NR " C ( = O ) O - , or a direct bond ; 
[ 0069 ] G is C . - C , alkylene , ( C = 0 ) , O ( C = 0 ) , 
- SCO ) - , - NR°C ( = O ) — or a direct bond ; 
[ 0070 ] G² is CEO ) , ( C = 0 ) 0 — , CEO ) S — , 
- C ( O ) NR " or a direct bond ; 
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[ 0092 ] In one embodiment , the LNP comprises a com 
pound having one of the following structures : 

o 
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HC 

Or 

HO 

[ 0093 ] In one embodiment , the LNP comprises a pegy 
lated lipid having the following structure ( IV ) : 

( IV ) 

t VRIO 

[ 0097 ] wherein n is an integer selected such that the 
average molecular weight of the pegylated lipid is about 
2500 g / mol . 
[ 0098 ] In one embodiment , the composition is adminis 
tered by intradermal , subcutaneous , or intramuscular deliv 
ery . In one embodiment , the method comprises a single 
administration of the composition . In one embodiment , the 
method comprises a multiple administrations of the compo 
sition . 
[ 0099 ] In one embodiment , the method treats or prevents 
at least one selected from the group consisting of a viral 
infection , a bacterial infections , a fungal infection , a para 
sitic infection , and cancer . In one embodiment , the method 
treats or prevents HIV infection . In one embodiment , the 
method treats or prevents influenza infection . 

or a pharmaceutically acceptable salt , tautomer or stereoi 
somer thereof , wherein : 
[ 0094 ] R1° and R11 are each independently a straight or 
branched , saturated or unsaturated alkyl chain containing 
from 10 to 30 carbon atoms , wherein the alkyl chain is 
optionally interrupted by one or more ester bonds ; and 
[ 0095 ] z has a mean value ranging from 30 to 60 . 
[ 0096 ] In one embodiment , the pegylated lipid has the 
following structure ( IVA ) : 

( IVA ) 
BRIEF DESCRIPTION OF THE DRAWINGS 

101001 The following detailed description of preferred 
embodiments of the invention will be better understood 
when read in conjunction with the appended drawings . For 
the purpose of illustrating the invention , there are shown in 
the drawings embodiments which are presently preferred . It 
should be understood , however , that the invention is not 
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limited to the precise arrangements and instrumentalities of 
the embodiments shown in the drawings . 
[ 0101 ] FIG . 1 is a schematic illustrating the experimental 
setup for ENV - LNP immunization that applies to FIG . 
2 - FIG . 11 . Animals received two intradermal injections of 
either 3 ug , 10 ug or 30 ug of HIV - 1 CD4 - independent R3A 
envelope encoding mRNA encapsulated into lipid nanopar 
ticles ( LNP ) . Control mice were injected with 30 ug firefly 
luciferase ( LUC ) encoding mRNA complexed into LNP . 
There was a 4 - week interval between mRNA - LNP injec 
tions and animals were sacrificed 14 days after the second 
injection . 
[ 0102 ] FIG . 2 is a set of graphs illustrating that two 
immunizations with ENV - LNPs elicit robust CD4 + T cell 
responses . The graphs depict IFN - y ( left ) and TNF - a ( right ) , 
production by antigen specific CD4 + T cells . Cytokine 
production of individual animals is displayed as the percent 
of total CD4 + T cells in the spleen . IFN = interferon , 
TNF = tumor necrosis factor . Luc = control mice injected with 
30 ug of control luciferase encoding mRNA - LNPs injected 
intradermally ( ID ) . All intracellular cytokine measurements 
were performed using multicolor flow cytometry after 
stimulation with peptide pools of 15 - mers overlapping by 11 
amino acids of the complete envelope sequence . Standard 
error of the mean is indicated . 
[ 0103 ] FIG . 3 is a graph illustrating that two immuniza 
tions with ENV - LNPs elicit robust CD4 + T cell responses . 
The graphs depict IL - 2 production by antigen specific CD4 + 
T cells . Cytokine production of individual animals is dis 
played as the percent of total CD4 + T cells in the spleen . 
IL - 2 = interleukin 2 . Luc = control mice injected with 30 ug of 
control luciferase encoding mRNA - LNPs injected intrader 
mally ( ID ) . All intracellular cytokine measurements were 
performed using multicolor flow cytometry after stimulation 
with peptide pools of 15 - mers overlapping by 11 amino 
acids of the complete envelope sequence . Standard error of 
the mean is indicated . 
[ 0104 ] FIG . 4 is a graph illustrating that two immuniza 
tions with ENV - LNPs elicit robust multifunctional CD4 + T 
cell responses . The graphs depict the distribution of mono , 
bi , - and trifunctional antigen specific CD4 + T cells in 
vaccinated animals 14 days after the second intradermal 
immunization . The bar graph shows the percentage of anti 
gen specific CD4 + T cells producing one , two or three 
cytokines , as indicated . All intracellular cytokine measure 
ments were performed using multicolor flow cytometry after 
stimulation with peptide pools of 15 - mers overlapping by 11 
amino acids of the complete envelope sequence . Standard 
error of the mean is indicated on bars . 
[ 0105 ] FIG . 5 is a graph illustrating that two immuniza 
tions with ENV - LNP results in a significant increase in total 
T follicular helper ( Tfh ) cell numbers . The graph depicts the 
frequency of splenic Tfh cells in vaccinated animals . CD4 , 
CXCR5 and PD - 1 markers were used to determine Tfh cells . 
E10 = 10 ug of iR3A envelope encoding mRNA injected ID . 
E30 = 30 ug of iR3A envelope encoding mRNA injected ID . 
Luc = 30 ug of control luciferase encoding mRNA injected 
ID . Naïve : uninjected animal . 
[ 0106 ] FIG . 6 is a set of graphs illustrating that two 
intradermal immunizations with ENV - LNPs elicits robust 
CD8 + T cell responses . The graphs depict IFN - y ( left ) and 
TNF - a ( right ) production by antigen specific CD8 + T cells . 
Cytokine production of individual animals is displayed . 
E10 = 10 ug of iR3A envelope encoding mRNA injected ID . 

E30 = 30 ug of iR3A envelope encoding mRNA injected ID . 
Luc = 30 ug of control luciferase encoding mRNA injected 
ID . All intracellular cytokine measurements were performed 
using multicolor flow cytometry after stimulation with pep 
tide pools of 15 - mers overlapping by 11 amino acids of the 
complete envelope sequence . Standard error of the mean is 
indicated . 
[ 0107 ] FIG . 7 is a set of graphs illustrating that two 
intradermal immunizations with ENV - LNPs elicit robust 
CD8 + T cell responses . The graphs depict IL - 2 ( left ) and 
CD107a ( right ) production of antigen specific CD8 + T cells . 
IL - 2 and CD107a production of individual animals is dis 
played . E10 = 10 ug of iR3A envelope encoding mRNA 
injected ID . E30 = 30 ug of iR3A envelope encoding mRNA 
injected ID . Luc = 30 g of control luciferase encoding mRNA 
injected ID . All intracellular cytokine measurements were 
performed using multicolor flow cytometry after stimulation 
with peptide pools of 15 - mers overlapping by 11 amino 
acids of the complete envelope sequence . Standard error of 
the mean is indicated . 
10108 ] FIG . 8 is a set of graphs illustrating that two 
intradermal immunizations with ENV - LNPs elicit robust 
multifunctional CD8 + T cell responses . The graphs depict 
the distribution of mono - , bi - , and trifunctional antigen 
specific CD8 + T cells in vaccinated animals . Pie charts show 
the distribution of antigen specific CD8 + T cells producing 
one , two or three cytokines . The bar graph shows the 
frequency of antigen specific CD8 + T cells producing one , 
two or three cytokines . ENV10 = 10 ug of iR3A envelope 
encoding mRNA injected ID . ENV30 = 30 ug of iR3A enve 
lope encoding mRNA injected ID . Luc = 30 ug of control 
luciferase encoding mRNA injected ID . All intracellular 
cytokine measurements were performed using multicolor 
flow cytometry after stimulation with peptide pools of 
15 - mers overlapping by 11 amino acids of the complete 
envelope sequence . Standard error of the mean is indicated 
on bars . G = INF - y , T = TNF - a , 107 = CD107a . 
[ 0109 ] FIG . 9 , comprising FIG . 9A and FIG . 9B , is a set 
of graphs illustrating that immunization with ENV - LNPs 
elicit robust B cell responses . FIG . 9A depicts antigen 
specific antibody responses as measured by ELISA assays . 
Experiments were conducted to measure HIV - 1 gp120 spe 
cific IgG titers after two intradermal injections of mRNA 
LNPs . Titers were measured by a gp120 specific ELISA 
assay where gp120 coated the plate and gp120 - specific IgG 
was measured with a peroxidase labeled goat andi - mouse 
IgG . Standard error of the mean is indicated on bars . FIG . 9B 
depicts a set of graphs demonstrating that similar amounts of 
Env - specific IgG1 and IgG2 are produced two weeks after 
two immunizations with mRNA - LNP . 
[ 0110 ] FIG . 10 is a graph depicting the results of example 
experiments . Mice were immunized 2 times with 30 ug of 
LNP complexed 1 - methyl - pseudouridine - mRNA encoding 
luciferase ( luc ) , or 10 or 30 ug of 1 - methyl - pseudouridine 
modified mRNA encoding HIV envelope iR3A complexed 
by the intradermal route at 1 month intervals . Serum was 
analyzed for the ability to neutralize HIV infection by the 
tier 1 MN . 3 strain and the control MLV . Serum was sequen 
tially diluted and the dilution for 50 % inhibition is shown . 
Each symbol represents an individual mouse . 
[ 0111 ] FIG . 11 is a graph depicting the results of example 
experiments . Mice were immunized 2 times with 10 or 30 ug 
of 1 - methyl - pseudouridine modified mRNA encoding HIV 
envelope iR3A complexed to LNPs by the intradermal route 
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at 1 month intervals . Serum was analyzed for the ability to 
neutralize HIV infection by the tier 2 X2278 _ C2 _ B6 strain 
and the control MLV . Serum was sequentially diluted and the 
dilution for 50 % inhibition is shown . 
[ 0112 ] FIG . 12 is a schematic illustrating the experimental 
setup for ENV mRNA - LNP immunization . Animals 
received a single intradermal injection of 30 ug HIV - 1 
CD4 - independent R3A envelope encoding mRNA encapsu 
lated into lipid nanoparticles ( ENV ) . Control mice were 
injected with 30 ug firefly luciferase encoding mRNA com 
plexed into LNP . Animals were sacrificed 14 days after 
mRNA administration . 
[ 0113 ] FIG . 13 is a set of graphs illustrating that a single 
injection with 30 ug ENV mRNA - LNPs elicits robust CD4 + 
T cell responses . The graphs depict IFN - y ( left ) and TNF - a 
( right ) production of antigen specific CD4 + T cells . 
Cytokine production of individual animals is displayed . 
ENV = 30 ug of iR3A envelope encoding mRNA injected ID . 
Luc = 30 ug of control luciferase encoding mRNA injected 
ID . All intracellular cytokine measurements were performed 
using multicolor flow cytometry after stimulation with pep 
tide pools of 15 - mers overlapping by 11 amino acids of the 
complete envelope sequence . The percent of total spleen 
cells expressing cytokine after peptide stimulation is 
expressed . Standard error of the mean is indicated . 
[ 0114 ] FIG . 14 is a set of graphs illustrating that a single 
injection with 30 ug ENV mRNA - LNPs elicits robust CD4 + 
T cell responses . The graphs depict IL - 2 ( left ) and CD107a 
production ( right ) of antigen specific CD4 + T cells . IL - 2 and 
CD107a production of individual animals is displayed . 
ENV = 30 ug of iR3A envelope encoding mRNA injected ID . 
Luc = 30 ug of control luciferase encoding mRNA injected 
ID . All intracellular cytokine measurements were performed 
using multicolor flow cytometry after stimulation with pep 
tide pools of 15 - mers overlapping by 11 amino acids of the 
complete envelope sequence . Standard error of the mean is 
indicated . 
[ 0115 ] FIG . 15 is a set of graphs illustrating that a single 
injection with 30 ug ENV mRNA - LNPs elicit robust poly 
functional CD4 + T cell responses . The graphs depict the 
distribution of mono - , bi - and trifunctional antigen specific 
CD4 + T cells in vaccinated animals . Pie charts show the 
distribution of antigen specific CD4 + T cells producing one , 
two or three cytokines . The bar graph shows the frequency 
of antigen specific CD4 + T cells producing one , two or three 
cytokines . ENV = 30 ug of iR3A envelope encoding mRNA 
injected ID . Luc = 30 ug of control luciferase encoding 
mRNA injected ID . All intracellular cytokine measurements 
were performed using multicolor flow cytometry after 
stimulation with peptide pools of 15 - mers overlapping by 11 
amino acids of the complete envelope sequence . Standard 
error of the mean is indicated on bars . G = INF - y , T = TNF - a , 
2 = IL - 2 
101161 . FIG . 16 is a graph illustrating that a single injection 
with 30 ug ENV mRNA - LNPs results in a significant 
increase in total Tfh cell numbers in the spleen . The graph 
depicts the frequency of Tfh cells in vaccinated animals . 
CD4 , CXCR5 and PD - 1 markers were used to determine Tfh 
cells . ENV = 30 ug of iR3A envelope encoding mRNA 
injected ID . Luc = 30 ug of control luciferase encoding 
mRNA injected ID . Standard error of the mean is indicated 
on the bars . Naïve : uninjected animals 
[ 0117 ] FIG . 17 is a set of graphs illustrating that a single 
injection with 30 ug ENV - LNPs elicit robust antigen specific 

Tfh cell immune responses . The graphs depict IFN - y ( top 
left ) , TNF - a ( top right ) , and IL - 2 ( bottom ) production of 
antigen specific Tfh CD4 + T cells . Tfh cells were identified 
by expression of nuclear Bc16 . Cytokine production of 
individual animals is displayed . ENV = 30 ug of iR3A enve 
lope encoding mRNA injected ID . Luc = 30 ug of control 
luciferase encoding mRNA injected ID . All intracellular 
cytokine measurements were performed using multicolor 
flow cytometry after stimulation with peptide pools of 
15 - mers overlapping by 11 amino acids of the complete 
envelope sequence . Standard error of the mean is indicated . 
[ 0118 ] FIG . 18 is a set of graphs illustrating that a single 
injection with 30 ug ENV - LNPs elicit robust polyfunctional 
Tfh cell immune responses . The graphs depict the distribu 
tion of mono - , bi , - and trifunctional antigen specific Tfh 
cells in vaccinated animals . Pie charts show the distribution 
of antigen specific Tfh cells producing one , two or three 
cytokines . Tfh cells were identified by expression of nuclear 
Bc16 . The bar graph shows the frequency of antigen specific 
Tfh cells producing one , two or three cytokines . ENV = 30 ug 
of iR3A envelope encoding mRNA injected ID . Luc = 30 ug 
of control luciferase encoding mRNA injected ID . All intra 
cellular cytokine measurements were performed using mul 
ticolor flow cytometry after stimulation with peptide pools 
of 15 - mers overlapping by 11 amino acids of the complete 
envelope sequence . Standard error of the mean is indicated 
on bars . G = INF - Y , T = TNF - a , 2 = IL - 2 . 
[ 0119 ] FIG . 19 is a graph illustrating that a single injection 
with 30 ug ENV mRNA - LNPs elicits IgG producing B cell 
responses . The graph depicts antigen specific antibody 
responses measured by ELISA assays . Experiments were 
conducted to measure HIV - 1 gp120 specific IgG titers after 
a single injection with mRNA - LNPs . ENV = 30 ug of iR3A 
envelope encoding mRNA injected ID . Luc = 30 ug of control 
luciferase encoding mRNA injected ID . Naïve = uninjected 
animals . Standard error of the mean is indicated on bars . 
[ 0120 ] FIG . 20 is a graph depicting the results of example 
experiments demonstrating the benefits of nucleoside modi 
fication and LNP complexing . Mice were immunized 2 
times with 10 ug of unmodified , 1 - methyl - pseudouridine , or 
1 - methyl - pseudouridine - LNP complexed mRNA encoding 
iR3A HIV envelope by the intradermal route at 1 month 
intervals . Spleen cells obtained 14 days after the second 
immunization were analyzed by a 6 hour stimulation with 
envelope overlapping peptides and analyzed for expression 
of CD107A or intracellular IFN - Y , TNF - a , and IL - 2 by 
CD3 + , CD8 + T cells . Control ( medium ) stimulated 
responses were subtracted for each mouse . Groups of 6 mice 
were averaged . Modified mRNA - LNP responses were sig 
nificantly greater ( p < 0 . 01 ) than uncomplexed modified or 
unmodified mRNA or control ( luciferase modified mRNA ) 
treated mice . 
[ 0121 ] FIG . 21 is a graph depicting the results of example 
experiments that demonstrate the benefits of nucleoside 
modification and LNP complexing . Mice were immunized 2 
times with 10 ug of unmodified mRNA , 1 - methyl - pseudou 
ridine mRNA , or 1 - methyl - pseudouridine - mRNA - LNP 
complexed all encoding iR3A HIV envelope by the intrad 
ermal route at 1 month intervals . Spleen cells were analyzed 
by a 6 hour stimulation with envelope overlapping peptides 
and analyzed for expression of intracellular IFN - Y , TNF - a , 
and IL - 2 by CD3 + , CD4 + T cells . Control ( medium ) stimu 
lated responses were subtracted for each mouse . Groups of 
6 mice were averaged . Modified mRNA - LNP responses 
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were significantly greater ( p < 0 . 01 ) than uncomplexed modi 
fied or unmodified mRNA or control ( luciferase modified 
mRNA ) treated mice . 
[ 0122 ] FIG . 22 is a graph depicting the results of example 
experiments that demonstrate the benefits of nucleoside 
modification and LNP complexing . Mice were immunized 2 
times with 10 ug of uncomplexed 1 - methyl - pseudouridine 
modified mRNA encoding HIV envelope iR3A naked 
iR3A ) , 1 - methyl - pseudouridine mRNA - LNPs encoding 
luciferase ( luc - LNP ) , or iR3A mRNA complexed LNPs by 
the intradermal route at 1 month intervals . Serum was 
analyzed for envelope ( gp120 ) specific responses by ELISA . 
Serum was diluted 1 : 1000 and analyzed . A monoclonal 
antibody specific for gp120 was used to determine concen 
tration in serum . 
[ 0123 ] FIG . 23 is a graph depicting the results of example 
experiments measuring CD4 + T cell responses , as measured 
by IFN - y ( left ) , TNF - a ( center ) , and IL - 2 ( right ) positive 
CD4 + T cells detected 10 days after a single administration 
of 30 g of PRS HA encoding mRNA - LNP . All intracellular 
cytokine measurements were performed using multicolor 
flow cytometry after stimulation with peptide pools of 
15 - mers overlapping by 11 amino acids of the complete 
hemagglutinin sequence . Standard error of the mean is 
indicated on bars . 
( 0124 ] FIG . 24 is a set of graphs depicting the results of 
example experiments examining polyfunctional CD4 + T cell 
responses after single immunization of PRS HA encoding 
mRNA - LNP . Pie charts show the distribution of antigen 
specific CD4 + T cells producing one , two or three cytokines . 
The bar graph shows the ratio of antigen specific CD4 + T 
cells producing one , two or three cytokines . G = INF - y , 
T = TNF - a , 2 = IL - 2 . All intracellular cytokine measurements 
were performed using multicolor flow cytometry after 
stimulation with peptide pools of 15 - mers overlapping by 11 
amino acids of the complete hemagglutinin sequence . Stan 
dard error of the mean is indicated on bars . 
[ 0125 ) FIG . 25 is a graph depicting the results of example 
experiments measuring CD8 + T cell responses , as measured 
by IFN - y ( left ) and TNF - a ( right ) positive CD8 + T cells 
detected 14 days after a single administration of 30 g of PRS 
HA encoding mRNA - LNP . All intracellular cytokine mea 
surements were performed using multicolor flow cytometry 
after stimulation with peptide pools of 15 - mers overlapping 
by 11 amino acids of the complete hemagglutinin sequence . 
Standard error of the mean is indicated on bars . 
[ 0126 ] FIG . 26 is a set of graphs depicting the results of 
example experiments depicting HI titer 14 days and 28 days 
after administration of either 10 g or 30 g of PRS HA 
mRNA - LNP . Titers were measured by the standard hema 
glutinin inhibition assay , where turkey red blood cells were 
coated with PRS hemagglutinin . Serum at 2 - fold increasing 
dilutions was added to the RBCs and the titer where hemag 
glutination was lost was measured . 
[ 0127 ] FIG . 27 is a set of graphs depicting the results of 
example experiments demonstrating that a single adminis 
tration of PRS HA encoding mRNA - LNP results in 
increased germinal center ( GC ) B cells . GC B cells were 
defined as IgD - , B220 + , CD138 , CD19 + , IgM - 9 , CD3 
and CD14 - . The total number of cells in the spleen was 
calculated by counting the number of spleen cells and 
multiplying that by the % GC B cells . 
[ 0128 ] FIG . 28 is a set of graphs depicting the results of 
example experiments demonstrating that a single adminis 

tration of PR8 HA encoding mRNA - LNP results in 
increased total memory B cells in the spleen . Memory B 
cells were defined as CD3 - , CD14 - , CD11c + , T - bet + . The 
total number of cells in the spleen was calculated by 
counting the number of spleen cells and multiplying that by 
the % memory B cells . 
[ 0129 ] FIG . 29 is a set of graphs depicting the results of 
example experiments demonstrating that a single adminis 
tration of PR8 HA encoding mRNA - LNP results in 
increased total Tfh cells in the spleen . Tfh cells were defined 
as CD4 + , memory + , CXCR5 + , PD - 1 + cells . The total num 
ber of cells in the spleen was calculated by counting the 
number of spleen cells and multiplying that by the % Tfh 
cells . 
[ 0130 ] FIG . 30 is a graph depicting the results of example 
experiments measuring CD8 + Tfh cell responses , as mea 
sured by IFN - y ( left ) and IL - 2 ( right ) positive CD8 + T cells 
detected 10 days after a single administration of 30 ug of 
PR8 HA encoding mRNA - LNPs . Tfh cells were identified 
by expression of Bc16 . 
[ 0131 ] FIG . 31 is a graph depicting the results of example 
experiments demonstrating the relative amount of cytokine 
expression in Tfh cells compared to total T cells purified 
from the spleens of mice immunized with PRS HA encoding 
mRNA - LNP . All T cells were selected by negative selection . 
Tfh cells were further purified by flow cytometric sorting 
selecting memory + , CXCR5 + , PD - 1 + cells . mRNA was 
isolated from the T cell populations and analyzed by real 
time PCR using specific primers . Values are expressed as 
compared to universal mRNA . 
[ 0132 ] FIG . 32 is a graph depicting the results of example 
experiments demonstrating that T follicular regulatory cells 
are not increased by administration of modified mRNA 
LNP . Tfh cells were identified as memory + , CXCR5 + , 
PD - 1 + , Bc16 + and T follicular regulatory cells were identi 
fied as memory + , CXCR5 + , PD - 1 + , Bc16 + , FoxP3 + . Data is 
expressed as the percentage of Tfh cells that were T folli 
cular regulatory cells . 
[ 0133 ] FIG . 33 is a graph depicting the results of example 
experiments demonstrating the weight loss as a measure of 
illness after influenza challenge in HA mRNA - LNP or 
control single immunized mice . 
[ 0134 ] FIG . 34 is a set of graphs depicting the results of 
example experiments demonstrating HA binding at 2 weeks 
( center ) and 4 weeks ( right ) to hemagglutinin where both the 
head and stalk are derived from H1 . 
[ 0135 ] FIG . 35 is a set of graphs depicting the results of 
example experiments demonstrating specific binding to the 
stalk region of hemagglutinin . HA binding at 2 weeks 
( center ) and 4 weeks ( right ) to hybrid hemagglutinin con 
taining H5 - head / H1 - stalk HA ( top ) and H5 - head / H3 - stalk 
( bottom ) . 
[ 0136 ] FIG . 36 is a set of graphs depicting the results of 
example experiments examining binding to whole HA ( left ) 
and HA stalk ( right ) binding over time . It is demonstrated 
that stalk binding increases over time post immunization . 
[ 0137 ] FIG . 37 is a graph depicting the results of experi 
ments demonstrating that the neutralization titer as measured 
by hemagglutinin inhibition after a single administration of 
PR8 HA encoding modified mRNA - LNP remains 
unchanged 6 months after administration . 
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measured by injecting luciferase encoding mlw - mRNA and 
then 4 hours later , administering D - luciferin , and imaging on 
an IVIS spectrum . Activity was quantitated by selecting 
regions of increased signal and using IVIS software . 
[ 0149 ] FIG . 49 depicts the results of example experiments 
which compare different LNP formulations intradermally 
injected into mice . 

DETAILED DESCRIPTION 
[ 0150 ] The present invention relates to compositions and 
methods for inducing an adaptive immune response in a 
subject . In certain embodiments , the invention provides a 
composition comprising at least one nucleoside - modified 
RNA encoding at least one antigen , adjuvant , or a combi 
nation thereof . For example , in one embodiment , the com 
position is a vaccine comprising at least one nucleoside 
modified RNA encoding at least one antigen , adjuvant , or a 
combination thereof , where the vaccine induces immunity in 
the subject to the at least one antigen , and therefore induces 
immunity in the subject to a pathogen or pathology associ 
ated with the at least one antigen . In certain embodiments , 
the at least one nucleoside - modified RNA is encapsulated in 
a lipid nanoparticle ( LNP ) . 

[ 0138 ] FIG . 38 is a graph depicting the results of experi 
ments depicting HA inhibition titer measured 2 weeks after 
single administration of Cal / 7 / 2009 HA encoding mRNA 
LNPs . 
[ 0139 ] FIG . 39 is a set of graphs depicting the results of 
example experiments measuring CD4 + T cell responses , as 
measured by IFN - y ( top left ) , TNF - a ( top right ) , and IL - 2 
( bottom ) positive CD4 + T cells detected 2 weeks after a 
single administration of CA09 HA encoding mRNA - LNP . 
Cytokine production of individual animals is displayed as 
the percent of total CD4 + T cells in the spleen . Poly ( C ) 
= control mice injected with 30 ug of control poly ( C ) 
mRNA - LNPs injected intradermally ( ID ) . All intracellular 
cytokine measurements were performed using multicolor 
flow cytometry after stimulation with peptide pools of 
15 - mers overlapping by 11 amino acids of the complete HA 
sequence . Standard error of the mean is indicated . 
[ 0140 ] FIG . 40 is a graph depicting the results of example 
experiments measuring Tfh cell response 2 weeks after 
single administration of CA09 HA encoding mRNA - LNP . 
Tfh cells were defined as CD4 + , memory + , CXCR5 + , 
PD - 1 + cells . Error bars are standard error of the mean . 
[ 0141 ] FIG . 41 is a set of graphs depicting the results of 
example experiments measuring HA inhibition titers after 
single administration of CA09 HA encoding mRNA admin 
istered by intramuscular injection ( left ) and intradermal 
injection ( right ) . 
[ 0142 ] FIG . 42 is a graph depicting the results of example 
experiments demonstrating INF - a production induced by 
codon optimized unmodified HA mRNA with none by mly 
modified mRNA , demonstrating that unmodified codon opti 
mized HA encoding mRNA induces an innate immune 
response . 
[ 0143 ] FIG . 43 is a set of graphs depicting the results of 
example experiments demonstrating that intravenous injec 
tion of HPLC purified nucleoside modified mRNA - LNP 
does not induce proinflammatory cytokines or type I inter 
ferons . 
[ 0144 ] FIG . 44 is a set of graphs depicting the results of 
example experiments demonstrating that administration of 
nucleoside modified HA encoding mRNA induces signifi 
cantly better CD4 + T cell response , as measured by IFN - Y 
( left ) , TNF - a ( center ) , and IL - 2 ( right ) production , as com 
pared to unmodified HA encoding mRNA . 
[ 0145 ] FIG . 45 is a graph depicting the results of example 
experiments demonstrating that administration of nucleoside 
modified HA encoding mRNA results in increased numbers 
of Tfh cells in the spleen , as compared to unmodified 
HA - encoding mRNA . 
[ 0146 ] FIG . 46 is a graph depicting the results of example 
experiments demonstrating that administration of nucleoside 
modified HA encoding mRNA results in increased frequen 
cies of antigen - specific Tfh cells response , as compared to 
unmodified HÀ - encoding mRNA . 
[ 0147 ] FIG . 47 is a graph depicting the results of example 
experiments demonstrating that administration of nucleoside 
modified HA encoding mRNA results in increased HA 
inhibition titers measured 10 days after a single administra 
tion of unmodified codon optimized or mly , as compared to 
unmodified HA - encoding mRNA . 
[ 0148 ] FIG . 48 is a set of graphs depicting the results of 
example experiments examining mRNA translation of 
luciferase encoding mly modified mRNA administered as 
complexed in LNP ( left ) and naked ( right ) . Translation was 

Definitions 
[ 0151 ] Unless defined otherwise , 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 any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention , the 
preferred methods and materials are described . 
10152 ] . As used herein , each of the following terms has the 
meaning associated with it in this section . 
[ 0153 ] The articles “ a ” and “ an " are used herein to refer to 
one or to more than one ( i . e . , to at least one ) of the 
grammatical object of the article . By way of example , " an 
element ” means one element or more than one element . 
[ 0154 ] “ About ” as used herein when referring to a mea 
surable value such as an amount , a temporal duration , and 
the like , is meant to encompass variations of + 20 % or + 10 % , 
more preferably 5 % , even more preferably + 1 % , and still 
more preferably + 0 . 1 % from the specified value , as such 
variations are appropriate to perform the disclosed methods . 
[ 0155 The term “ antibody , " as used herein , refers to an 
immunoglobulin molecule , which specifically binds with an 
antigen . Antibodies can be intact immunoglobulins derived 
from natural sources or from recombinant sources and can 
be immunoreactive portions of intact immunoglobulins . 
Antibodies are typically tetramers of immunoglobulin mol 
ecules . The antibodies in the present invention may exist in 
a variety of forms including , for example , polyclonal anti 
bodies , monoclonal antibodies , Fv , Fab and F ( ab ) 2 , as well 
as single chain antibodies and humanized antibodies ( Har 
low et al . , 1999 , In : Using Antibodies : A Laboratory Manual , 
Cold Spring Harbor Laboratory Press , NY ; Harlow et al . , 
1989 , In : Antibodies : A Laboratory Manual , Cold Spring 
Harbor , N . Y . , Houston et al . , 1988 , Proc . Natl . Acad . Sci . 
USA 85 : 5879 - 5883 ; Bird et al . , 1988 , Science 242 : 423 
426 ) . 
[ 0156 ] The term “ antibody fragment ” refers to a portion of 
an intact antibody and refers to the antigenic determining 
variable regions of an intact antibody . Examples of antibody 

un 
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fragments include , but are not limited to , Fab , Fab ' , F ( ab ' ) 2 , 
and Fv fragments , linear antibodies , scFv antibodies , and 
multispecific antibodies formed from antibody fragments . 
[ 0157 ] An “ antibody heavy chain , " as used herein , refers 
to the larger of the two types of polypeptide chains present 
in all antibody molecules in their naturally occurring con 
formations . 
[ 0158 ] An “ antibody light chain , ” as used herein , refers to 
the smaller of the two types of polypeptide chains present in 
all antibody molecules in their naturally occurring confor 
mations . K and 2 light chains refer to the two major antibody 
light chain isotypes . 
[ 0159 ] By the term " synthetic antibody ” as used herein , is 
meant an antibody , which is generated using recombinant 
DNA technology , such as , for example , an antibody 
expressed by a bacteriophage . The term should also be 
construed to mean an antibody which has been generated by 
the synthesis of a DNA molecule encoding the antibody and 
which DNA molecule expresses an antibody protein , or an 
amino acid sequence specifying the antibody , wherein the 
DNA or amino acid sequence has been obtained using 
synthetic DNA or amino acid sequence technology which is 
available and well known in the art . The term should also be 
construed to mean an antibody , which has been generated by 
the synthesis of an RNA molecule encoding the antibody . 
The RNA molecule expresses an antibody protein , or an 
amino acid sequence specifying the antibody , wherein the 
RNA has been obtained by transcribing DNA ( synthetic or 
cloned ) or other technology , which is available and well 
known in the art . 
( 0160 ] The term " antigen ” or “ Ag ” as used herein is 
defined as a molecule that provokes an adaptive immune 
response . This immune response may involve either anti 
body production , or the activation of specific immunogeni 
cally - competent cells , or both . The skilled artisan will under 
stand that any macromolecule , including virtually all 
proteins or peptides , can serve as an antigen . Furthermore , 
antigens can be derived from recombinant or genomic DNA 
or RNA . A skilled artisan will understand that any DNA or 
RNA , which comprises a nucleotide sequences or a partial 
nucleotide sequence encoding a protein that elicits an adap 
tive immune response therefore encodes an “ antigen " as that 
term is used herein . Furthermore , one skilled in the art will 
understand that an antigen need not be encoded solely by a 
full length nucleotide sequence of a gene . It is readily 
apparent that the present invention includes , but is not 
limited to , the use of partial nucleotide sequences of more 
than one gene and that these nucleotide sequences are 
arranged in various combinations to elicit the desired 
immune response . Moreover , a skilled artisan will under 
stand that an antigen need not be encoded by a “ gene ” at all . 
It is readily apparent that an antigen can be generated 
synthesized or can be derived from a biological sample . 
Such a biological sample can include , but is not limited to 
a tissue sample , a tumor sample , a cell or a biological fluid . 
( 0161 ] The term “ adjuvant ” as used herein is defined as 
any molecule to enhance an antigen - specific adaptive 
immune response . 
[ 0162 ] A “ disease ” is a state of health of an animal 
wherein the animal cannot maintain homeostasis , and 
wherein if the disease is not ameliorated then the animal ' s 
health continues to deteriorate . In contrast , a " disorder " in an 
animal is a state of health in which the animal is able to 
maintain homeostasis , but in which the animal ' s state of 

health is less favorable than it would be in the absence of the 
disorder . Left untreated , a disorder does not necessarily 
cause a further decrease in the animal ' s state of health . 
10163 ] An “ effective amount ” as used herein , means an 
amount which provides a therapeutic or prophylactic benefit . 
[ 0164 ] “ Encoding ” refers to the inherent property of spe 
cific sequences of nucleotides in a polynucleotide , such as a 
gene , a cDNA , or an mRNA , to serve as templates for 
synthesis of other polymers and macromolecules in biologi 
cal processes having either a defined sequence of nucleo 
tides ( i . e . , rRNA , RNA and mRNA ) or a defined sequence 
of amino acids and the biological properties resulting there 
from . Thus , a gene encodes a protein if transcription and 
translation of mRNA corresponding to that gene produces 
the protein in a cell or other biological system . Both the 
coding strand , the nucleotide sequence of which is identical 
to the mRNA sequence and is usually provided in sequence 
listings , and the non - coding strand , used as the template for 
transcription of a gene or cDNA , can be referred to as 
encoding the protein or other product of that gene or cDNA . 
[ 0165 ] “ Expression vector ” refers to a vector comprising a 
recombinant polynucleotide comprising expression control 
sequences operatively linked to a nucleotide sequence to be 
expressed . An expression vector comprises sufficient cis 
acting elements for expression ; other elements for expres 
sion can be supplied by the host cell or in an in vitro 
expression system . Expression vectors include all those 
known in the art , such as cosmids , plasmids ( e . g . , naked or 
contained in liposomes ) RNA , and viruses ( e . g . , lentiviruses , 
retroviruses , adenoviruses , and adeno - associated viruses ) 
that incorporate the recombinant polynucleotide . 
[ 0166 ] “ Homologous ” refers to the sequence similarity or 
sequence identity between two polypeptides or between two 
nucleic acid molecules . When a position in both of the two 
compared sequences is occupied by the same base or amino 
acid monomer subunit , e . g . , if a position in each of two DNA 
molecules is occupied by adenine , then the molecules are 
homologous at that position . The percent of homology 
between two sequences is a function of the number of 
matching or homologous positions shared by the two 
sequences divided by the number of positions comparedx 
100 . For example , if 6 of 10 of the positions in two 
sequences are matched or homologous then the two 
sequences are 60 % homologous . By way of example , the 
DNA sequences ATTGCC and TATGGC share 50 % homol 
ogy . Generally , a comparison is made when two sequences 
are aligned to give maximum homology . 
[ 0167 ] “ Immunogen ” refers to any substance introduced 
into the body in order to generate an immune response . That 
substance can a physical molecule , such as a protein , or can 
be encoded by a vector , such as DNA , mRNA , or a virus . 
[ 0168 ] “ Isolated ” means altered or removed from the 
natural state . For example , a nucleic acid or a peptide 
naturally present in a living animal is not “ isolated , ” but the 
same nucleic acid or peptide partially or completely sepa 
rated from the coexisting materials of its natural state is 
“ isolated . ” An isolated nucleic acid or protein can exist in 
substantially purified form , or can exist in a non - native 
environment such as , for example , a host cell . 
[ 0169 ] In the context of the present invention , the follow 
ing abbreviations for the commonly occurring nucleosides 
( nucleobase bound to ribose or deoxyribose sugar via N - gly 
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cosidic linkage ) are used . “ A ” refers to adenosine , “ C ” refers 
to cytidine , “ G ” refers to guanosine , “ T ” refers to thymidine , 
and “ U ” refers to uridine . 
[ 0170 ] Unless otherwise specified , a “ nucleotide sequence 
encoding an amino acid sequence ” includes all nucleotide 
sequences that are degenerate versions of each other and that 
encode the same amino acid sequence . The phrase nucleo 
tide sequence that encodes a protein or an RNA may also 
include introns to the extent that the nucleotide sequence 
encoding the protein may in some version contain an intron 
( s ) . 
[ 0171 ] By the term “ modulating , ” as used herein , is meant 
mediating a detectable increase or decrease in the level of a 
response in a subject compared with the level of a response 
in the subject in the absence of a treatment or compound , 
and / or compared with the level of a response in an otherwise 
identical but untreated subject . The term encompasses per 
turbing and / or affecting a native signal or response thereby 
mediating a beneficial therapeutic response in a subject , 
preferably , a human . 
[ 0172 ] Unless otherwise specified , a “ nucleotide sequence 
encoding an amino acid sequence ” includes all nucleotide 
sequences that are degenerate versions of each other and that 
encode the same amino acid sequence . Nucleotide 
sequences that encode proteins and RNA may include 
introns . In addition , the nucleotide sequence may contain 
modified nucleosides that are capable of being translation by 
translational machinery in a cell . For example , an mRNA 
where all of the uridines have been replaced with pseudou 
ridine , 1 - methyl psuedouridien , or another modified nucleo 
side . 
[ 0173 ] The term " operably linked ” refers to functional 
linkage between a regulatory sequence and a heterologous 
nucleic acid sequence resulting in expression of the latter . 
For example , a first nucleic acid sequence is operably linked 
with a second nucleic acid sequence when the first nucleic 
acid sequence is placed in a functional relationship with the 
second nucleic acid sequence . For instance , a promoter is 
operably linked to a coding sequence if the promoter affects 
the transcription or expression of the coding sequence . 
Generally , operably linked DNA or RNA sequences are 
contiguous and , where necessary to join two protein coding 
regions , in the same reading frame . 
[ 0174 ] The terms “ patient , " " subject , ” “ individual , ” and 
the like are used interchangeably herein , and refer to any 
animal , or cells thereof whether in vitro or in situ , amenable 
to the methods described herein . In certain non - limiting 
embodiments , the patient , subject or individual is a human . 
[ 0175 ] The term “ polynucleotide ” as used herein is 
defined as a chain of nucleotides . Furthermore , nucleic acids 
are polymers of nucleotides . Thus , nucleic acids and poly 
nucleotides as used herein are interchangeable . One skilled 
in the art has the general knowledge that nucleic acids are 
polynucleotides , which can be hydrolyzed into the mono 
meric “ nucleotides . ” The monomeric nucleotides can be 
hydrolyzed into nucleosides . As used herein polynucleotides 
include , but are not limited to , all nucleic acid sequences 
which are obtained by any means available in the art , 
including , without limitation , recombinant means , i . e . , the 
cloning of nucleic acid sequences from a recombinant 
library or a cell genome , using ordinary cloning technology 
and PCRTM , and the like , and by synthetic means . 
0176 ] In certain instances , the polynucleotide or nucleic 
acid of the invention is a “ nucleoside - modified nucleic 

acid , ” which refers to a nucleic acid comprising at least one 
modified nucleoside . A " modified nucleoside ” refers to a 
nucleoside with a modification . For example , over one 
hundred different nucleoside modifications have been iden 
tified in RNA ( Rozenski , et al . , 1999 , The RNA Modification 
Database : 1999 update . Nucl Acids Res 27 : 196 - 197 ) . 
( 0177 ] In certain embodiments , “ pseudouridine ” refers , in 
another embodiment , to m ' acpY ( 1 - methyl - 3 - ( 3 - amino - 3 
carboxypropyl ) pseudouridine . In another embodiment , the 
term refers to my ( 1 - methylpseudouridine ) . In another 
embodiment , the term refers to Ym ( 2 - O - methylpseudou 
ridine . In another embodiment , the term refers to m D 
( 5 - methyldihydrouridine ) . In another embodiment , the term 
refers to mY ( 3 - methylpseudouridine ) . In another embodi 
ment , the term refers to a pseudouridine moiety that is not 
further modified . In another embodiment , the term refers to 
a monophosphate , diphosphate , or triphosphate of any of the 
above pseudouridines . In another embodiment , the term 
refers to any other pseudouridine known in the art . Each 
possibility represents a separate embodiment of the present 
invention . 
[ 0178 ] As used herein , the terms “ peptide , ” “ polypeptide , " 
and “ protein ” are used interchangeably , and refer to a 
compound comprised of amino acid residues covalently 
linked by peptide bonds . A protein or peptide must contain 
at least two amino acids , and no limitation is placed on the 
maximum number of amino acids that can comprise a 
protein ' s or peptide ' s sequence . Polypeptides include any 
peptide or protein comprising two or more amino acids 
joined to each other by peptide bonds . As used herein , the 
term refers to both short chains , which also commonly are 
referred to in the art as peptides , oligopeptides and oligom 
ers , for example , and to longer chains , which generally are 
referred to in the art as proteins , of which there are many 
types . “ Polypeptides ” include , for example , biologically 
active fragments , substantially homologous polypeptides , 
oligopeptides , homodimers , heterodimers , variants of poly 
peptides , modified polypeptides , derivatives , analogs , fusion 
proteins , among others . The polypeptides include natural 
peptides , recombinant peptides , synthetic peptides , or a 
combination thereof . 
[ 01791 . The term “ promoter ” as used herein is defined as a 
DNA sequence recognized by the synthetic machinery of the 
cell , or introduced synthetic machinery , required to initiate 
the specific transcription of a polynucleotide sequence . For 
example , the promoter that is recognized by bacteriophage 
RNA polymerase and is used to generate the mRNA by in 
vitro transcription . 
[ 0180 ] By the term " specifically binds , " as used herein 
with respect to an antibody , is meant an antibody which 
recognizes a specific antigen , but does not substantially 
recognize or bind other molecules in a sample . For example , 
an antibody that specifically binds to an antigen from one 
species may also bind to that antigen from one or more other 
species . But , such cross - species reactivity does not itself 
alter the classification of an antibody as specific . In another 
example , an antibody that specifically binds to an antigen 
may also bind to different allelic forms of the antigen . 
However , such cross reactivity does not itself alter the 
classification of an antibody as specific . In some instances , 
the terms “ specific binding " or " specifically binding , " can be 
used in reference to the interaction of an antibody , a protein , 
or a peptide with a second chemical species , to mean that the 
interaction is dependent upon the presence of a particular 
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structure ( e . g . , an antigenic determinant or epitope ) on the 
chemical species , for example , an antibody recognizes and 
binds to a specific protein structure rather than to proteins 
generally . If an antibody is specific for epitope “ A ” , the 
presence of a molecule containing epitope A ( or free , unla 
beled A ) , in a reaction containing labeled “ A ” and the 
antibody , will reduce the amount of labeled A bound to the 
antibody . 
[ 0181 ] The term “ therapeutic ” as used herein means a 
treatment and / or prophylaxis . A therapeutic effect is 
obtained by suppression , diminution , remission , or eradica 
tion of at least one sign or symptom of a disease or disorder 
state . 
[ 0182 ] The term “ therapeutically effective amount ” refers 
to the amount of the subject compound that will elicit the 
biological or medical response of a tissue , system , or subject 
that is being sought by the researcher , veterinarian , medical 
doctor or other clinician . The term “ therapeutically effective 
amount ” includes that amount of a compound that , when 
administered , is sufficient to prevent development of , or 
alleviate to some extent , one or more of the signs or 
symptoms of the disorder or disease being treated . The 
therapeutically effective amount will vary depending on the 
compound , the disease and its severity and the age , weight , 
etc . , of the subject to be treated . 
[ 0183 ] To " treat ” a disease as the term is used herein , 
means to reduce the frequency or severity of at least one sign 
or symptom of a disease or disorder experienced by a 
subject . 
[ 0184 ] The term “ transfected ” or “ transformed ” or “ trans 
duced ” as used herein refers to a process by which exog 
enous nucleic acid is transferred or introduced into the host 
cell . A “ transfected ” or “ transformed ” or “ transduced ” cell is 
one which has been transfected , transformed or transduced 
with exogenous nucleic acid . The cell includes the primary 
subject cell and its progeny . 
[ 0185 ] The phrase “ under transcriptional control ” or 
“ operatively linked ” as used herein means that the promoter 
is in the correct location and orientation in relation to a 
polynucleotide to control the initiation of transcription by 
RNA polymerase and expression of the polynucleotide . 
[ 0186 ] A " vector ” is a composition of matter which com 
prises an isolated nucleic acid and which can be used to 
deliver the isolated nucleic acid to the interior of a cell . 
Numerous vectors are known in the art including , but not 
limited to , linear polynucleotides , polynucleotides associ 
ated with ionic or amphiphilic compounds , plasmids , and 
viruses . Thus , the term “ vector ” includes an autonomously 
replicating plasmid or a virus . The term should also be 
construed to include non - plasmid and non - viral compounds 
which facilitate transfer of nucleic acid into cells , such as , 
for example , polylysine compounds , liposomes , and the like . 
Examples of viral vectors include , but are not limited to , 
adenoviral vectors , adeno - associated virus vectors , retrovi 
ral vectors , and the like . 
[ 0187 ] “ Alkyl ” refers to a straight or branched hydrocar 
bon chain radical consisting solely of carbon and hydrogen 
atoms , which is saturated or unsaturated ( i . e . , contains one 
or more double and / or triple bonds ) , having from one to 
twenty - four carbon atoms ( C1 - C24 alkyl ) , one to twelve 
carbon atoms ( C , - C12 alkyl ) , one to eight carbon atoms 
( C7 - C , alkyl ) or one to six carbon atoms ( C . - C . alkyl ) and 
which is attached to the rest of the molecule by a single 
bond , e . g . , methyl , ethyl , n propyl , 1 - methylethyl ( iso pro - 

pyl ) , n butyl , n pentyl , 1 , 1 dimethylethyl ( t butyl ) , 3 meth 
ylhexyl , 2 methylhexyl , ethenyl , prop 1 enyl , but - l - enyl , 
pent - 1 - enyl , penta - 1 , 4 - dienyl , ethynyl , propynyl , butynyl , 
pentynyl , hexynyl , and the like . Unless specifically stated 
otherwise , an alkyl group is optionally substituted . 
[ 0188 ] “ Alkylene ” or “ alkylene chain ” refers to a straight 
or branched divalent hydrocarbon chain linking the rest of 
the molecule to a radical group , consisting solely of carbon 
and hydrogen , which is saturated or unsaturated ( i . e . , con 
tains one or more double ( alkenylene ) and / or triple bonds 
( alkynylene ) ) , and having , for example , from one to twenty 
four carbon atoms ( C1 - C24 alkylene ) , one to fifteen carbon 
atoms ( C , - C15 alkylene ) , one to twelve carbon atoms ( C , 
C12 alkylene ) , one to eight carbon atoms ( C7 - C , alkylene ) , 
one to six carbon atoms ( C , - Coalkylene ) , two to four carbon 
atoms ( C2 - C4 alkylene ) , one to two carbon atoms ( C1 - C2 
alkylene ) , e . g . , methylene , ethylene , propylene , n - butylene , 
ethenylene , propenylene , n - butenylene , propynylene , n - bu 
tynylene , and the like . The alkylene chain is attached to the 
rest of the molecule through a single or double bond and to 
the radical group through a single or double bond . The points 
of attachment of the alkylene chain to the rest of the 
molecule and to the radical group can be through one carbon 
or any two carbons within the chain . Unless stated otherwise 
specifically in the specification , an alkylene chain may be 
optionally substituted . 
[ 0189 ] “ Cycloalkyl ” or “ carbocyclic ring ” refers to a 
stable non aromatic monocyclic or polycyclic hydrocarbon 
radical consisting solely of carbon and hydrogen atoms , 
which may include fused or bridged ring systems , having 
from three to fifteen carbon atoms , preferably having from 
three to ten carbon atoms , and which is saturated or unsatu 
rated and attached to the rest of the molecule by a single 
bond . Monocyclic radicals include , for example , cyclopro 
pyl , cyclobutyl , cyclopentyl , cyclohexyl , cycloheptyl , and 
cyclooctyl . Polycyclic radicals include , for example , ada 
mantyl , norbornyl , decalinyl , 7 , 7 dimethyl bicyclo [ 2 . 2 . 1 ] 
heptanyl , and the like . Unless specifically stated otherwise , 
a cycloalkyl group is optionally substituted . 
[ 0190 ] “ Cycloalkylene ” is a divalent cycloalkyl group . 
Unless otherwise stated specifically in the specification , a 
cycloalkylene group may be optionally substituted . 
[ 0191 ] “ Heterocyclyl ” or “ heterocyclic ring ” refers to a 
stable 3 - to 18 - membered non - aromatic ring radical which 
consists of two to twelve carbon atoms and from one to six 
heteroatoms selected from the group consisting of nitrogen , 
oxygen and sulfur . Unless stated otherwise specifically in 
the specification , the heterocyclyl radical may be a mono 
cyclic , bicyclic , tricyclic or tetracyclic ring system , which 
may include fused or bridged ring systems , and the nitrogen , 
carbon or sulfur atoms in the heterocyclyl radical may be 
optionally oxidized ; the nitrogen atom may be optionally 
quaternized ; and the heterocyclyl radical may be partially or 
fully saturated . Examples of such heterocyclyl radicals 
include , but are not limited to , dioxolanyl , thienyl?1 , 3 ) 
dithianyl , decahydroisoquinolyl , imidazolinyl , imidazolidi 
nyl , isothiazolidinyl , isoxazolidinyl , morpholinyl , octahy 
droindolyl , octahydroisoindolyl , 2 - oxopiperazinyl , 
2 - oxopiperidinyl , 2 - oxopyrrolidinyl , oxazolidinyl , piperidi 
nyl , piperazinyl , 4 - piperidonyl , pyrrolidinyl , pyrazolidinyl , 
quinuclidinyl , thiazolidinyl , tetrahydrofuryl , trithianyl , tet 
rahydropyranyl , thiomorpholinyl , thiamorpholinyl , 1 - oxo 
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thiomorpholinyl , and 1 , 1 - dioxo - thiomorpholinyl . Unless 
specifically stated otherwise , a heterocyclyl group may be 
optionally substituted . 
[ 0192 ] The term “ substituted ” used herein means any of 
the above groups ( e . g . , alkyl , cycloalkyl or heterocyclyl ) 
wherein at least one hydrogen atom is replaced by a bond to 
a non - hydrogen atoms such as , but not limited to : a halogen 
atom such as F , C1 , Br , and I ; oxo groups ( = O ) ; hydroxyl 
groups ( OH ) ; alkoxy groups ( - OR " , where Rºis C , - C2 
alkyl or cycloalkyl ) ; carboxyl groups ( OCCO ) R " or 
- CCOOR " , where Rº is H , C , - C , alkyl or cycloalkyl ) ; 
amine groups ( NR “ R " , where Ra and R are each inde 
pendently H , C7 - C12 alkyl or cycloalkyl ) ; C7 - C12 alkyl 
groups ; and cycloalkyl groups . In some embodiments the 
substituent is a C - C12 alkyl group . In other embodiments , 
the substituent is a cycloalkyl group . In other embodiments , 
the substituent is a halo group , such as fluoro . In other 
embodiments , the substituent is a oxo group . In other 
embodiments , the substituent is a hydroxyl group . In other 
embodiments , the substituent is an alkoxy group . In other 
embodiments , the substituent is a carboxyl group . In other 
embodiments , the substituent is an amine group . 
[ 0193 ] " Optional ” or “ optionally ” ( e . g . , optionally substi 
tuted ) means that the subsequently described event of cir 
cumstances may or may not occur , and that the description 
includes instances where said event or circumstance occurs 
and instances in which it does not . For example , " optionally 
substituted alkyl ” means that the alkyl radical may or may 
not be substituted and that the description includes both 
substituted alkyl radicals and alkyl radicals having no sub 
stitution . 
[ 0194 ] Ranges : throughout this disclosure , various aspects 
of the invention can be presented in a range format . It should 
be understood that the description in range format is merely 
for convenience and brevity and should not be construed as 
an inflexible limitation on the scope of the invention . 
Accordingly , the description of a range should be considered 
to have specifically disclosed all the possible subranges as 
well as individual numerical values within that range . For 
example , description of a range such as from 1 to 6 should 
be considered to have specifically disclosed subranges such 
as from 1 to 3 , from 1 to 4 , from 1 to 5 , from 2 to 4 , from 
2 to 6 , from 3 to 6 etc . , as well as individual numbers within 
that range , for example , 1 , 2 , 2 . 7 , 3 , 4 , 5 , 5 . 3 , and 6 . This 
applies regardless of the breadth of the range . 

ever , the present invention is not limited to any particular 
antigen or combination of antigens . 
[ 0197 ] In certain embodiments , the antigen - encoding 
nucleic acid of the present composition is a nucleoside 
modified RNA . The present invention is based in part on the 
finding that nucleoside - modified RNA encoding an antigen 
induces robust CD4 + T - cell , CD8 + T - cell , or Tfh cell anti 
gen - specific immune responses . Further , the antigen - encod 
ing nucleoside - modified RNA was observed to induce anti 
gen - specific antibody production . The nucleoside - modified 
RNA is demonstrated to induce adaptive immune responses 
that are comparable or superior to current prime - boost 
vaccine regimens and viral vector based regimens . 
[ 0198 ] In certain embodiments , the composition com 
prises a lipid nanoparticle ( LNP ) . For example , in one 
embodiment , the composition comprises an antigen - encod 
ing nucleic acid molecule encapsulated within a LNP . In 
certain instances the LNP enhances cellular uptake of the 
nucleic acid molecule . 
[ 0199 ] In certain embodiments , the composition com 
prises an adjuvant . In certain embodiments , the composition 
comprises a nucleic acid molecule encoding an adjuvant . 
For example , in one embodiment , the composition com 
prises a nucleoside - modified RNA encoding an adjuvant . In 
one embodiment , the composition comprises a nucleoside 
modified RNA encoding an antigen and an adjuvant . In one 
embodiment , the composition comprises a first nucleoside 
modified RNA , which encodes an antigen , and a second 
nucleoside - modified RNA , which encodes an adjuvant . 
[ 0200 ] In one embodiment , the present invention provides 
a method for inducing an adaptive immune response in a 
subject . For example , the method can be used to provide 
immunity in the subject against a virus , bacteria , fungus , 
parasite , cancer , or the like . In some embodiments , the 
method comprises administering to the subject a composi 
tion comprising one or more nucleoside - modified RNA 
encoding an antigen , adjuvant , or a combination thereof . 
[ 0201 ] In one embodiment , the method comprises the 
systemic administration of the composition into the subject , 
including for example intradermal administration . In certain 
embodiments , the method comprises administering a plural 
ity of doses to the subject . In another embodiment , the 
method comprises administering a single dose of the com 
position , where the single dose is effective in inducing an 
adaptive immune response . 

DESCRIPTION 
[ 0195 ] The present invention relates to compositions and 
methods for inducing an adaptive immune response in a 
subject . In certain embodiments , the present invention pro 
vides a composition comprising a nucleic acid molecule 
encoding an antigen , where the antigen induces an adaptive 
immune response in the subject . For example , in certain 
embodiments , the composition comprises a vaccine com 
prising a nucleic acid molecule encoding an antigen . 
[ 0196 ] In one embodiment , the composition of the inven 
tion comprises in vitro transcribed ( IVT ) RNA . For 
example , in certain embodiments , the composition of the 
invention comprises IVT RNA which encodes an antigen , 
where the antigen induces an adaptive immune response . In 
certain embodiments , the antigen is at least one of a viral 
antigen , bacterial antigen , fungal antigen , parasitic antigen , 
tumor - specific antigen , or tumor - associated antigen . How 

Vaccine 
[ 0202 ] In one embodiment , the present invention provides 
an immunogenic composition for inducing an adaptive 
immune response in a subject . For example , in one embodi 
ment , the immunogenic composition is a vaccine . For a 
composition to be useful as a vaccine , the composition must 
induce an adaptive immune response to the antigen in a cell , 
tissue or mammal ( e . g . , a human ) . In certain instances , the 
vaccine induces a protective immune response in the mam 
mal . As used herein , an “ immunogenic composition " may 
comprise an antigen ( e . g . , a peptide or polypeptide ) , a 
nucleic acid encoding an antigen , a cell expressing or 
presenting an antigen or cellular component , or a combina 
tion thereof . In particular embodiments the composition 
comprises or encodes all or part of any peptide antigen 
described herein , or an immunogenically functional equiva 
lent thereof . In other embodiments , the composition is in a 
mixture that comprises an additional immunostimulatory 
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agent or nucleic acids encoding such an agent . Immunos 
timulatory agents include but are not limited to an additional 
antigen , an immunomodulator , an antigen presenting cell or 
an adjuvant . In other embodiments , one or more of the 
additional agent ( s ) is covalently bonded to the antigen or an 
immunostimulatory agent , in any combination . In certain 
embodiments , the antigenic composition is conjugated to or 
comprises an HLA anchor motif amino acids . 
[ 0203 ] In the context of the present invention , the term 
" vaccine ” refers to a substance that induces immunity upon 
inoculation into animals . 
[ 0204 ] A vaccine of the present invention may vary in its 
composition of nucleic acid and / or cellular components . In 
a non - limiting example , a nucleic acid encoding an antigen 
might also be formulated with an adjuvant . Of course , it will 
be understood that various compositions described herein 
may further comprise additional components . For example , 
one or more vaccine components may be comprised in a 
lipid , liposome , or lipid nanoparticle . In another non - limit 
ing example , a vaccine may comprise one or more adju 
vants . A vaccine of the present invention , and its various 
components , may be prepared and / or administered by any 
method disclosed herein or as would be known to one of 
ordinary skill in the art , in light of the present disclosure . 
[ 0205 ] The induction of the immunity by the expression of 
the antigen can be detected by observing in vivo or in vitro 
the response of all or any part of the immune system in the 
host against the antigen . 
[ 0206 ] For example , a method for detecting the induction 
of cytotoxic T lymphocytes is well known . A foreign sub 
stance that enters the living body is presented to T cells and 
B cells by the action of APCs . T cells that respond to the 
antigen presented by APC in an antigen specific manner 
differentiate into cytotoxic T cells ( also referred to as 
cytotoxic T lymphocytes or CTLs ) due to stimulation by the 
antigen . These antigen stimulated cells then proliferate . This 
process is referred to herein as “ activation " of T cells . 
Therefore , CTL induction by an epitope of a polypeptide or 
peptide or combinations thereof can be evaluated by pre 
senting an epitope of a polypeptide or peptide or combina 
tions thereof to a T cell by APC , and detecting the induction 
of CTL . Furthermore , APCs have the effect of activating B 
cells , CD4 + T cells , CD8 + T cells , macrophages , eosinophils 
and NK cells . 
[ 0207 ] A method for evaluating the inducing action of 
CTL using dendritic cells ( DCs ) as APC is well known in the 
art . DC is a representative APC having a robust CTL 
inducing action among APCs . In the methods of the inven 
tion , the epitope of a polypeptide or peptide or combinations 
thereof is initially expressed by the DC and then this DC is 
contacted with T cells . Detection of T cells having cytotoxic 
effects against the cells of interest after the contact with DC 
shows that the epitope of a polypeptide or peptide or 
combinations thereof has an activity of inducing the cyto 
toxic T cells . Furthermore , the induced immune response 
can be also examined by measuring IFN - gamma produced 
and released by CTL in the presence of antigen - presenting 
cells that carry immobilized peptide or combination of 
peptides by visualizing using anti - IFN - gamma antibodies , 
such as an ELISPOT assay . 
[ 0208 ] Apart from DC , peripheral blood mononuclear 
cells ( PBMCs ) may also be used as the APC . The induction 
of CTL is reported to be enhanced by culturing PBMC in the 
presence of GM - CSF and IL - 4 . Similarly , CTL has been 

shown to be induced by culturing PBMC in the presence of 
keyhole limpet hemocyanin ( KLH ) and IL - 7 . 
[ 0209 ] The antigens confirmed to possess CTL - inducing 
activity by these methods are antigens having DC activation 
effect and subsequent CTL - inducing activity . Furthermore , 
CTLs that have acquired cytotoxicity due to presentation of 
the antigen by APC can be also used as vaccines against 
antigen - associated disorders . 
[ 0210 ] The induction of immunity by expression of the 
antigen can be further confirmed by observing the induction 
of antibody production against the antigen . For example , 
when antibodies against an antigen are induced in a labo 
ratory animal immunized with the composition encoding the 
antigen , and when antigen - associated pathology is sup 
pressed by those antibodies , the composition is determined 
to induce immunity . 
[ 0211 ] The induction of immunity by expression of the 
antigen can be further confirmed by observing the induction 
of CD4 + T cells . CD4 + T cells can also lyse target cells , but 
mainly supply help in the induction of other types of 
immune responses , including CTL and antibody generation . 
The type of CD4 + T cell help can be characterized , as Th1 , 
Th2 , Th9 , Th17 , Tregulatory , or T follicular helper ( Tn ) 
cells . Each subtype of CD4 + T cell supplies help to certain 
types of immune responses . Of particular interest to this 
invention , the Tfh subtype provides help in the generation of 
high affinity antibodies . 
[ 0212 ] The therapeutic compounds or compositions of the 
invention may be administered prophylactically ( i . e . , to 
prevent disease or disorder ) or therapeutically ( i . e . , to treat 
disease or disorder ) to subjects suffering from or at risk of 
( or susceptible to ) developing the disease or disorder . Such 
subjects may be identified using standard clinical methods . 
In the context of the present invention , prophylactic admin 
istration occurs prior to the manifestation of overt clinical 
symptoms of disease , such that a disease or disorder is 
prevented or alternatively delayed in its progression . In the 
context of the field of medicine , the term " prevent ” encom 
passes any activity which reduces the burden of mortality or 
morbidity from disease . Prevention can occur at primary , 
secondary and tertiary prevention levels . While primary 
prevention avoids the development of a disease , secondary 
and tertiary levels of prevention encompass activities aimed 
at preventing the progression of a disease and the emergence 
of symptoms as well as reducing the negative impact of an 
already established disease by restoring function and reduc 
ing disease - related complications . 

Nucleic Acids 
[ 0213 ] In one embodiment , the invention includes a 
nucleoside - modified nucleic acid molecule . In one embodi 
ment , the nucleoside - modified nucleic acid molecule 
encodes an antigen . In one embodiment , the nucleoside 
modified nucleic acid molecule encodes a plurality of anti 
gens . In certain embodiments , the nucleoside - modified 
nucleic acid molecule encodes an antigen that induces an 
adaptive immune response against the antigen . In one 
embodiment , the invention includes a nucleoside - modified 
nucleic acid molecule encoding an adjuvant . 
[ 0214 ] The nucleotide sequences encoding an antigen or 
adjuvant , as described herein , can alternatively comprise 
sequence variations with respect to the original nucleotide 
sequences , for example , substitutions , insertions and / or 
deletions of one or more nucleotides , with the condition that 
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the resulting polynucleotide encodes a polypeptide accord 
ing to the invention . Therefore , the scope of the present 
invention includes nucleotide sequences that are substan 
tially homologous to the nucleotide sequences recited herein 
and encode an antigen or adjuvant of interest . 
[ 0215 ] In certain embodiments , the nucleotide sequence 
encodes an HIV Env antigen . For example , in certain 
embodiments , the nucleotide sequence encodes an HIV Env 
encoded by the nucleotide sequences of SEQ ID NO : or SEQ 
ID NO : 2 . In one embodiment , the nucleotide sequence 
encodes influenza hemagglutinin ( HA ) . For example , in 
certain embodiments , the nucleotide sequence encodes HA 
from PRS . For example , in one embodiment , the nucleotide 
sequence encodes PRS HA having an amino acid sequence 
of SEQ ID NO : 3 . In certain embodiments , the nucleotide 
sequence encodes PRS HA encoded by the nucleotide 
sequences of SEQ ID NO : 4 or SEQ ID NO : 5 . For example , 
in certain embodiments , the nucleotide sequence encodes 
HA from Cal / 7 / 2009 . For example , in one embodiment , the 
nucleotide sequence encodes Cal / 7 / 2009 HA having an 
amino acid sequence of SEQ ID NO : 6 . In certain embodi 
ments , the nucleotide sequence encodes Cal / 7 / 2009 / HA 
encoded by the nucleotide sequences of SEQ ID NO : 7 or 
SEQ ID NO : 8 . 
[ 0216 ] As used herein , a nucleotide sequence is “ substan 
tially homologous ” to any of the nucleotide sequences 
described herein when its nucleotide sequence has a degree 
of identity with respect to the nucleotide sequence of at least 
60 % , advantageously of at least 70 % , preferably of at least 
85 % , and more preferably of at least 95 % . A nucleotide 
sequence that is substantially homologous to a nucleotide 
sequence encoding an antigen can typically be isolated from 
a producer organism of the antigen based on the information 
contained in the nucleotide sequence by means of introduc 
ing conservative or non - conservative substitutions , for 
example . Other examples of possible modifications include 
the insertion of one or more nucleotides in the sequence , the 
addition of one or more nucleotides in any of the ends of the 
sequence , or the deletion of one or more nucleotides in any 
end or inside the sequence . The degree of identity between 
two polynucleotides is determined using computer algo 
rithms and methods that are widely known for the persons 
skilled in the art . 
[ 0217 ] Further , the scope of the invention includes nucleo 
tide sequences that encode amino acid sequences that are 
substantially homologous to the amino acid sequences 
recited herein and preserve the immunogenic function of the 
original amino acid sequence . 
[ 0218 ] As used herein , an amino acid sequence is “ sub 
stantially homologous ” to any of the amino acid sequences 
described herein when its amino acid sequence has a degree 
of identity with respect to the amino acid sequence of at least 
60 % , advantageously of at least 70 % , preferably of at least 
85 % , and more preferably of at least 95 % . The identity 
between two amino acid sequences is preferably determined 
by using the BLASTN algorithm ( BLAST Manual , Altschul , 
S . , et al . , NCBI NLM NIH Bethesda , Md . 20894 , Altschul , 
S . , et al . , J . Mol . Biol . 215 : 403 - 410 ( 1990 ) . 
[ 0219 ] In one embodiment , the invention relates to a 
construct , comprising a nucleotide sequence encoding an 
antigen . In one embodiment , the construct comprises a 
plurality of nucleotide sequences encoding a plurality of 
antigens . For example , in certain embodiments , the con - 
struct encodes 1 or more , 2 or more , 5 or more , 10 or more , 

15 or more , or 20 or more antigens . In one embodiment , the 
invention relates to a construct , comprising a nucleotide 
sequence encoding an adjuvant . In one embodiment , the 
construct comprises a first nucleotide sequence encoding an 
antigen and a second nucleotide sequence encoding an 
adjuvant . 
[ 0220 ] In one embodiment , the composition comprises a 
plurality of constructs , each construct encoding one or more 
antigens . In certain embodiments , the composition com 
prises 1 or more , 2 or more , 5 or more , 10 or more , 15 or 
more , or 20 or more constructs . In one embodiment , the 
composition comprises a first construct , comprising a 
nucleotide sequence encoding an antigen ; and a second 
construct , comprising a nucleotide sequence encoding an 
adjuvant . 
[ 0221 ] In another particular embodiment , the construct is 
operatively bound to a translational control element . The 
construct can incorporate an operatively bound regulatory 
sequence for the expression of the nucleotide sequence of 
the invention , thus forming an expression cassette . 
[ 0222 ] Vectors 
[ 0223 ] The nucleic acid sequences coding for the antigen 
or adjuvant can be obtained using recombinant methods 
known in the art , such as , for example by screening libraries 
from cells expressing the gene , by deriving the gene from a 
vector known to include the same , or by isolating directly 
from cells and tissues containing the same , using standard 
techniques . Alternatively , the gene of interest can be pro 
duced synthetically . 
[ 0224 ] The nucleic acid can be cloned into a number of 
types of vectors . For example , the nucleic acid can be cloned 
into a vector including , but not limited to a plasmid , a 
phagemid , a phage derivative , an animal virus , and a cos 
mid . Vectors of particular interest include expression vec 
tors , replication vectors , probe generation vectors , sequenc 
ing vectors and vectors optimized for in vitro transcription . 
102251 Chemical means for introducing a polynucleotide 
into a host cell include colloidal dispersion systems , such as 
macromolecule complexes , nanocapsules , microspheres , 
beads , and lipid - based systems including oil - in - water emul 
sions , micelles , mixed micelles , and liposomes . An exem 
plary colloidal system for use as a delivery vehicle in vitro 
and in vivo is a liposome ( e . g . , an artificial membrane 
vesicle ) . 
[ 0226 ] In the case where a non - viral delivery system is 
utilized , an exemplary delivery vehicle is a liposome . The 
use of lipid formulations is contemplated for the introduc 
tion of the nucleic acids into a host cell ( in vitro , ex vivo or 
in vivo ) . In another aspect , the nucleic acid may be associ 
ated with a lipid . The nucleic acid associated with a lipid 
may be encapsulated in the aqueous interior of a liposome , 
interspersed within the lipid bilayer of a liposome , attached 
to a liposome via a linking molecule that is associated with 
both the liposome and the oligonucleotide , entrapped in a 
liposome , complexed with a liposome , dispersed in a solu 
tion containing a lipid , mixed with a lipid , combined with a 
lipid , contained as a suspension in a lipid , contained or 
complexed with a micelle , or otherwise associated with a 
lipid . Lipid , lipid / RNA or lipid / expression vector associated 
compositions are not limited to any particular structure in 
solution . For example , they may be present in a bilayer 
structure , as micelles , or with a " collapsed " structure . They 
may also simply be interspersed in a solution , possibly 
forming aggregates that are not uniform in size or shape . 
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Lipids are fatty substances which may be naturally occurring 
or synthetic lipids . For example , lipids include the fatty 
droplets that naturally occur in the cytoplasm as well as the 
class of compounds which contain long - chain aliphatic 
hydrocarbons and their derivatives , such as fatty acids , 
alcohols , amines , amino alcohols , and aldehydes . 
0227 ) Lipids suitable for use can be obtained from com 
mercial sources . For example , dimyristyl phosphatidylcho 
line ( “ DMPC ” ) can be obtained from Sigma , St . Louis , Mo . ; 
dicetyl phosphate ( “ DCP ” ) can be obtained from K & K 
Laboratories ( Plainview , N . Y . ) ; cholesterol ( “ Chol ” ) can be 
obtained from Calbiochem - Behring ; dimyristyl phosphati - 
dylglycerol ( “ DMPG ” ) and other lipids may be obtained 
from Avanti Polar Lipids , Inc . ( Birmingham , Ala . ) . Stock 
solutions of lipids in chloroform or chloroform / methanol 
can be stored at about - 20° C . Chloroform is used as the 
only solvent since it is more readily evaporated than metha 
nol . “ Liposome ” is a generic term encompassing a variety of 
single and multilamellar lipid vehicles formed by the gen 
eration of enclosed lipid bilayers or aggregates . Liposomes 
can be characterized as having vesicular structures with a 
phospholipid bilayer membrane and an inner aqueous 
medium . Multilamellar liposomes have multiple lipid layers 
separated by aqueous medium . They form spontaneously 
when phospholipids are suspended in an excess of aqueous 
solution . The lipid components undergo self - rearrangement 
before the formation of closed structures and entrap water 
and dissolved solutes between the lipid bilayers ( Ghosh et 
al . , 1991 Glycobiology 5 : 505 - 10 ) . However , compositions 
that have different structures in solution than the normal 
vesicular structure are also encompassed . For example , the 
lipids may assume a micellar structure or merely exist as 
nonuniform aggregates of lipid molecules . Also contem 
plated are lipofectamine - nucleic acid complexes . 
[ 0228 ] Regardless of the method used to introduce exog 
enous nucleic acids into a host cell or otherwise expose a cell 
to the inhibitor of the present invention , in order to confirm 
the presence of the mRNA sequence in the host cell , a 
variety of assays may be performed . Such assays include , for 
example , “ molecular biological ” assays well known to those 
of skill in the art , such as Northern blotting and RT - PCR ; 
“ biochemical ” assays , such as detecting the presence or 
absence of a particular peptide , e . g . , by immunogenic means 
( ELISAs and Western blots ) or by assays described herein to 
identify agents falling within the scope of the invention . 
[ 0229 ] In Vitro Transcribed RNA 
[ 0230 ] In one embodiment , the composition of the inven 
tion comprises in vitro transcribed ( IVT ) RNA encoding an 
antigen . In one embodiment , the composition of the inven 
tion comprises IVT RNA encoding a plurality of antigens . In 
one embodiment , the composition of the invention com 
prises IVT RNA encoding an adjuvant . In one embodiment , 
the composition of the invention comprises IVT RNA 
encoding one or more antigens and one or more adjuvants . 
[ 0231 ] In one embodiment , an IVT RNA can be intro 
duced to a cell as a form of transient transfection . The RNA 
is produced by in vitro transcription using a plasmid DNA 
template generated synthetically . DNA of interest from any 
source can be directly converted by PCR into a template for 
in vitro mRNA synthesis using appropriate primers and 
RNA polymerase . The source of the DNA can be , for 
example , genomic DNA , plasmid DNA , phage DNA , 
cDNA , synthetic DNA sequence or any other appropriate 
source of DNA . In one embodiment , the desired template for 

in vitro transcription is an antigen capable of inducing an 
adaptive immune response , including for example an anti 
gen associated with a pathogen or tumor , as described 
elsewhere herein . In one embodiment , the desired template 
for in vitro transcription is an adjuvant capable of enhancing 
an adaptive immune response . 
[ 0232 ] In one embodiment , the DNA to be used for PCR 
contains an open reading frame . The DNA can be from a 
naturally occurring DNA sequence from the genome of an 
organism . In one embodiment , the DNA is a full length gene 
of interest of a portion of a gene . The gene can include some 
or all of the 5 ' and / or 3 ' untranslated regions ( UTRs ) . The 
gene can include exons and introns . In one embodiment , the 
DNA to be used for PCR is a human gene . In another 
embodiment , the DNA to be used for PCR is a human gene 
including the 5 ' and 3 ' UTRs . In another embodiment , the 
DNA to be used for PCR is a gene from a pathogenic or 
commensal organism , including bacteria , viruses , parasites , 
and fungi . In another embodiment , the DNA to be used for 
PCR is from a pathogenic or commensal organism , includ 
ing bacteria , viruses , parasites , and fungi , including the 5 ' 
and 3 ' UTRs . The DNA can alternatively be an artificial 
DNA sequence that is not normally expressed in a naturally 
occurring organism . An exemplary artificial DNA sequence 
is one that contains portions of genes that are ligated 
together to form an open reading frame that encodes a fusion 
protein . The portions of DNA that are ligated together can be 
from a single organism or from more than one organism . 
[ 0233 ] Genes that can be used as sources of DNA for PCR 
include genes that encode polypeptides that induce or 
enhance an adaptive immune response in an organism . 
Preferred genes are genes which are useful for a short term 
treatment , or where there are safety concerns regarding 
dosage or the expressed gene . 
[ 0234 ] In various embodiments , a plasmid is used to 
generate a template for in vitro transcription of mRNA 
which is used for transfection . 
[ 0235 ] Chemical structures with the ability to promote 
stability and / or translation efficiency may also be used . The 
RNA preferably has 5 ' and 3 ' UTRs . In one embodiment , the 
5 ' UTR is between zero and 3000 nucleotides in length . The 
length of 5 ' and 3 : UTR sequences to be added to the coding 
region can be altered by different methods , including , but not 
limited to , designing primers for PCR that anneal to different 
regions of the UTRs . Using this approach , one of ordinary 
skill in the art can modify the 5 ' and 3 ' UTR lengths required 
to achieve optimal translation efficiency following transfec 
tion of the transcribed RNA . 
[ 02361 The 5 ' and 3 ' UTRs can be the naturally occurring , 
endogenous 5 ' and 3 ' UTRs for the gene of interest . Alter 
natively , UTR sequences that are not endogenous to the gene 
of interest can be added by incorporating the UTR sequences 
into the forward and reverse primers or by any other 
modifications of the template . The use of UTR sequences 
that are not endogenous to the gene of interest can be useful 
for modifying the stability and / or translation efficiency of 
the RNA . For example , it is known that AU - rich elements in 
3 ' UTR sequences can decrease the stability of mRNA . 
Therefore , 3 ' UTRs can be selected or designed to increase 
the stability of the transcribed RNA based on properties of 
UTRs that are well known in the art . 
[ 0237 ] In one embodiment , the 5 ' UTR can contain the 
Kozak sequence of the endogenous gene . Alternatively , 
when a 5 ' UTR that is not endogenous to the gene of interest 



US 2018 / 0303925 A1 Oct . 25 , 2018 
19 

is being added by PCR as described above , a consensus 
Kozak sequence can be redesigned by adding the 5 ' UTR 
sequence . Kozak sequences can increase the efficiency of 
translation of some RNA transcripts , but does not appear to 
be required for all RNAs to enable efficient translation . The 
requirement for Kozak sequences for many mRNAs is 
known in the art . In other embodiments the 5 ' UTR can be 
derived from an RNA virus whose RNA genome is stable in 
cells . In other embodiments various nucleotide analogues 
can be used in the 3 ' or 5 ' UTR to impede exonuclease 
degradation of the mRNA . 
[ 0238 ] To enable synthesis of RNA from a DNA template 
without the need for gene cloning , a promoter of transcrip 
tion should be attached to the DNA template upstream of the 
sequence to be transcribed . When a sequence that functions 
as a promoter for an RNA polymerase is added to the 5 ' end 
of the forward primer , the RNA polymerase promoter 
becomes incorporated into the PCR product upstream of the 
open reading frame that is to be transcribed . In one preferred 
embodiment , the promoter is a 17 RNA polymerase pro 
moter , as described elsewhere herein . Other useful promot 
ers include , but are not limited to , T3 and SP6 RNA 
polymerase promoters . Consensus nucleotide sequences for 
T7 , T3 and SP6 promoters are known in the art . 
[ 0239 ] In a preferred embodiment , the mRNA has both a 
cap on the 5 ' end and a 3 ' poly ( A ) tail which determine 
ribosome binding , initiation of translation and stability 
mRNA in the cell . On a circular DNA template , for instance , 
plasmid DNA , RNA polymerase produces a long concata 
meric product which is not suitable for expression in eukary 
otic cells . The transcription of plasmid DNA linearized at the 
end of the 3 ' UTR results in normal sized mRNA which is 
effective in eukaryotic transfection when it is polyade 
nylated after transcription . 
[ 0240 ] On a linear DNA template , phage T7 RNA poly 
merase can extend the 3 ' end of the transcript beyond the last 
base of the template ( Schenborn and Mierendorf , Nuc Acids 
Res . , 13 : 6223 - 36 ( 1985 ) ; Nacheva and Berzal - Herranz , Eur . 
J . Biochem . , 270 : 1485 - 65 ( 2003 ) . 
[ 0241 ] The conventional method of integration of polyA / T 
stretches into a DNA template is molecular cloning . How 
ever polyA / T sequence integrated into plasmid DNA can 
cause plasmid instability , which can be ameliorated through 
the use of recombination incompetent bacterial cells for 
plasmid propagation . 
[ 0242 ] Poly ( A ) tails of RNAs can be further extended 
following in vitro transcription with the use of a poly ( A ) 
polymerase , such as E . coli poly A polymerase ( E - PAP ) or 
yeast polyA polymerase . In one embodiment , increasing the 
length of a poly ( A ) tail from 100 nucleotides to between 300 
and 400 nucleotides results in about a two - fold increase in 
the translation efficiency of the RNA . Additionally , the 
attachment of different chemical groups to the 3 ' end can 
increase mRNA stability . Such attachment can contain 
modified / artificial nucleotides , aptamers and other com 
pounds . For example , ATP analogs can be incorporated into 
the poly ( A ) tail using poly ( A ) polymerase . ATP analogs can 
further increase the stability of the RNA . 
[ 0243 ] 5 ' caps on also provide stability to mRNA mol 
ecules . In a preferred embodiment , RNAs produced by the 
methods to include a 5 ' capl structure . Such capl structure 
can be generated using Vaccinia capping enzyme and 2 - 0 
methyltransferase enzymes ( CellScript , Madison , Wis . ) . 
Alternatively , 5 ' cap is provided using techniques known in 

the art and described herein ( Cougot , et al . , Trends in 
Biochem . Sci . , 29 : 436 - 444 ( 2001 ) ; Stepinski , et al . , RNA , 
7 : 1468 - 95 ( 2001 ) ; Elango , et al . , Biochim . Biophys . Res . 
Commun . , 330 : 958 - 966 ( 2005 ) ) . 
[ 0244 ] RNA can be introduced into target cells using any 
of a number of different methods , for instance , commercially 
available methods which include , but are not limited to , 
electroporation ( Amaxa Nucleofector - II ( Amaxa Biosys 
tems , Cologne , Germany ) ) , ( ECM 830 ( BTX ) ( Harvard 
Instruments , Boston , Mass . ) or the Gene Pulser II ( BioRad , 
Denver , Colo . ) , Multiporator ( Eppendort , Hamburg Ger 
many ) , cationic liposome mediated transfection using lipo 
fection , polymer encapsulation , peptide mediated transfec 
tion , or biolistic particle delivery systems such as " gene 
guns ” ( see , for example , Nishikawa , et al . Hum Gene Ther . , 
12 ( 8 ) : 861 - 70 ( 2001 ) . In certain embodiments RNA of the 
invention is introduced to a cell with a method comprising 
the use of TransIT® - mRNA transfection Kit ( Mirus , Madi 
son Wis . ) , which , in some instances , provides high effi 
ciency , low toxicity , transfection . 
[ 0245 ] Nucleoside - Modified RNA 
[ 0246 ] In one embodiment , the composition of the present 
invention comprises a nucleoside - modified nucleic acid 
encoding an antigen as described herein . In one embodi 
ment , the composition of the present invention comprises a 
nucleoside - modified nucleic acid encoding a plurality of 
antigens . In one embodiment , the composition of the present 
invention comprises a nucleoside - modified nucleic acid 
encoding an adjuvant as described herein . In one embodi 
ment , the composition of the present invention comprises a 
nucleoside - modified nucleic acid encoding one or more 
antigens and one or more adjuvants . 
10247 ) For example , in one embodiment , the composition 
comprises a nucleoside - modified RNA . In one embodiment , 
the composition comprises a nucleoside - modified mRNA . 
Nucleoside - modified mRNA have particular advantages 
over non - modified mRNA , including for example , increased 
stability , low or absent innate immunogenicity , and 
enhanced translation . Nucleoside - modified mRNA useful in 
the present invention is further described in U . S . Pat . No . 
8 , 278 , 036 , which is incorporated by reference herein in its 
entirety . 
[ 0248 ] In certain embodiments , nucleoside - modified 
mRNA does not activate any pathophysiologic pathways , 
translates very efficiently and almost immediately following 
delivery , and serve as templates for continuous protein 
production in vivo lasting for several days ( Karikó et al . , 
2008 , Mol Ther 16 : 1833 - 1840 ; Karikó et al . , 2012 , Mol Ther 
20 : 948 - 953 ) . The amount of mRNA required to exert a 
physiological effect is small and that makes it applicable for 
human therapy . For example , as described herein , nucleo 
side - modified mRNA encoding an antigen has demonstrated 
the ability to induce CD4 + and CD8 + T - cell and antigen 
specific antibody production . For example , in certain 
instances , antigen encoded by nucleoside - modified mRNA 
induces greater production of antigen - specific antibody pro 
duction as compared to antigen encoded by non - modified 
mRNA . 
[ 0249 ] In certain instances , expressing a protein by deliv 
ering the encoding mRNA has many benefits over methods 
that use protein , plasmid DNA or viral vectors . During 
mRNA transfection , the coding sequence of the desired 
protein is the only substance delivered to cells , thus avoiding 
all the side effects associated with plasmid backbones , viral 
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genes , and viral proteins . More importantly , unlike DNA - 
and viral - based vectors , the mRNA does not carry the risk of 
being incorporated into the genome and protein production 
starts immediately after mRNA delivery . For example , high 
levels of circulating proteins have been measured within 15 
to 30 minutes of in vivo injection of the encoding mRNA . 
In certain embodiments , using mRNA rather than the protein 
also has many advantages . Half - lives of proteins in the 
circulation are often short , thus protein treatment would 
need frequent dosing , while mRNA provides a template for 
continuous protein production for several days . Purification 
of proteins is problematic and they can contain aggregates 
and other impurities that cause adverse effects ( Kromminga 
and Schellekens , 2005 , Ann NY Acad Sci 1050 : 257 - 265 ) . 
[ 0250 ] In certain embodiments , the nucleoside - modified 
RNA comprises the naturally occurring modified - nucleoside 
pseudouridine . In certain embodiments , inclusion of 
pseudouridine makes the mRNA more stable , non - immuno 
genic , and highly translatable ( Karikó et al . , 2008 , Mol Ther 
16 : 1833 - 1840 ; Anderson et al . , 2010 , Nucleic Acids Res 
38 : 5884 - 5892 ; Anderson et al . , 2011 , Nucleic Acids 
Research 39 : 9329 - 9338 ; Karikó et al . , 2011 , Nucleic Acids 
Research 39 : e142 ; Karikó et al . , 2012 , Mol Ther 20 : 948 
953 ; Karikó et al . , 2005 , Immunity 23 : 165 - 175 ) . 
[ 0251 ] It has been demonstrated that the presence of 
modified nucleosides , including pseudouridines in RNA 
suppress their innate immunogenicity ( Karikó et al . , 2005 , 
Immunity 23 : 165 - 175 ) . Further , protein - encoding , in vitro 
transcribed RNA containing pseudouridine can be translated 
more efficiently than RNA containing no or other modified 
nucleosides ( Karikó et al . , 2008 , Mol Ther 16 : 1833 - 1840 ) . 
Subsequently , it is shown that the presence of pseudouridine 
improves the stability of RNA ( Anderson et al . , 2011 , 
Nucleic Acids Research 39 : 9329 - 9338 ) and abates both 
activation of PKR and inhibition of translation ( Anderson et 
al . , 2010 , Nucleic Acids Res 38 : 5884 - 5892 ) . A preparative 
HPLC purification procedure has been established that was 
critical to obtain pseudouridine - containing RNA that has 
superior translational potential and no innate immunogenic 
ity ( Karikó et al . , 2011 , Nucleic Acids Research 39 : e142 ) . 
Administering HPLC - purified , pseudourine - containing 
RNA coding for erythropoietin into mice and macaques 
resulted in a significant increase of serum EPO levels 
( Karikó et al . , 2012 , Mol Ther 20 : 948 - 953 ) , thus confirming 
that pseudouridine - containing mRNA is suitable for in vivo 
protein therapy . 
[ 0252 ] The present invention encompasses RNA , oligori 
bonucleotide , and polyribonucleotide molecules comprising 
pseudouridine or a modified nucleoside . In certain embodi 
ments , the composition comprises an isolated nucleic acid 
encoding an antigen , wherein the nucleic acid comprises a 
pseudouridine or a modified nucleoside . In certain embodi 
ments , the composition comprises a vector , comprising an 
isolated nucleic acid encoding an antigen , adjuvant , or 
combination thereof , wherein the nucleic acid comprises a 
pseudouridine or a modified nucleoside . 
10253 ] In one embodiment , the nucleoside - modified RNA 
of the invention is IVT RNA , as described elsewhere herein . 
For example , in certain embodiments , the nucleoside - modi 
fied RNA is synthesized by T7 phage RNA polymerase . In 
another embodiment , the nucleoside - modified mRNA is 
synthesized by SP6 phage RNA polymerase . In another 
embodiment , the nucleoside - modified RNA is synthesized 
by T3 phage RNA polymerase . 

( 0254 ] In one embodiment , the modified nucleoside is 
m ' acpY ( 1 - methyl - 3 - ( 3 - amino - 3 - carboxypropyl ) pseudou 
ridine . In another embodiment , the modified nucleoside is 
my ( 1 - methylpseudouridine ) . In another embodiment , the 
modified nucleoside is ' m ( 2 - O - methylpseudouridine . In 
another embodiment , the modified nucleoside is m®D 
( 5 - methyldihydrouridine ) . In another embodiment , the 
modified nucleoside is m Y ( 3 - methylpseudouridine ) . In 
another embodiment , the modified nucleoside is a pseudou 
ridine moiety that is not further modified . In another 
embodiment , the modified nucleoside is a monophosphate , 
diphosphate , or triphosphate of any of the above pseudou 
ridines . In another embodiment , the modified nucleoside is 
any other pseudouridine - like nucleoside known in the art . 
[ 0255 ] In another embodiment , the nucleoside that is 
modified in the nucleoside - modified RNA the present inven 
tion is uridine ( U ) . In another embodiment , the modified 
nucleoside is cytidine ( C ) . In another embodiment , the 
modified nucleoside is adenosine ( A ) . In another embodi 
ment the modified nucleoside is guanosine ( G ) . 
[ 0256 ] In another embodiment , the modified nucleoside of 
the present invention is mºC ( 5 - methylcytidine ) . In another 
embodiment , the modified nucleoside is m ’ U ( 5 - methyluri 
dine ) . In another embodiment , the modified nucleoside is 
mA ( Nº - methyladenosine ) . In another embodiment , the 
modified nucleoside is s ’ U ( 2 - thiouridine ) . In another 
embodiment , the modified nucleoside is Y ( pseudouridine ) . 
In another embodiment , the modified nucleoside is Um 
( 2 ' - O - methyluridine ) . 
[ 0257 ] In other embodiments , the modified nucleoside is 
m ' A ( 1 - methyladenosine ) ; m?A ( 2 - methyladenosine ) ; Am 
( 2 - O - methyladenosine ) ; ms ? m6A ( 2 - methylthio - N? - meth 
yladenosine ) ; iA ( N “ - isopentenyladenosine ) ; ms ? i6A 
( 2 - methylthio - Nºisopentenyladenosine ) ; io ‘ A ( Nø - ( cis - hy 
droxyisopentenyl ) adenosine ) ; ms ? io ‘ A ( 2 - methylthio - N 
( cis - hydroxyisopentenyl ) adenosine ) ; gºA ( Nº - glycinylcar 
bamoyladenosine ) ; t?A ( Nø - threonylcarbamoyladenosine ) ; 
ms²t6A ( 2 - methylthio - Nó - threonyl carbamoyladenosine ) ; 
mºt6A ( N® - methyl - N - threonylcarbamoyladenosine ) ; hnA 
( Nº - hydroxynorvalylcarbamoyladenosine ) ; ms ? hnA 
( 2 - methylthio - Nº - hydroxynorvalyl carbamoyladenosine ) ; 
Ar ( p ) ( 2 - O - ribosyladenosine ( phosphate ) ) ; I ( inosine ) ; m ' I 
( 1 - methylinosine ) ; m ' im ( 1 , 2 - 0 - dimethylinosine ) ; mC 
( 3 - methylcytidine ) ; Cm ( 2 ' - O - methylcytidine ) ; s´C ( 2 - thio 
cytidine ) ; ac + C ( N + - acetylcytidine ) ; fC ( 5 - formylcytidine ) ; 
mCm ( 5 , 2 - 0 - dimethylcytidine ) ; ac Cm ( N + - acetyl - 2 - 0 
methylcytidine ) ; k ? C ( lysidine ) ; m ' G ( 1 - methylguanosine ) ; 
mPG ( N2 - methylguanosine ) ; m ' G ( 7 - methylguanosine ) ; Gm 
( 2 - O - methylguanosine ) ; m?2G ( N ? , N2 - dimethylguanosine ) ; 
m°Gm ( N2 , 2 - 0 - dimethylguanosine ) ; m?2Gm ( N2 , N² , 2 - 0 
trimethylguanosine ) ; Gr ( p ) ( 2 - O - ribosylguanosine ( phos 
phate ) ) ; yw ( wybutosine ) ; Ozy W ( peroxywybutosine ) ; 
OHYW ( hydroxywybutosine ) ; OHyW * ( undermodified 
hydroxywybutosine ) ; imG ( wyosine ) ; mimG ( methyl 
wyosine ) ; Q ( queuosine ) ; oQ ( epoxyqueuosine ) ; galQ ( ga 
lactosyl - queuosine ) ; manQ ( mannosyl - queuosine ) ; preko 
( 7 - cyano - 7 - deazaguanosine ) ; preQ1 ( 7 - aminomethyl - 7 
deazaguanosine ) ; G + ( archaeosine ) ; D ( dihydrouridine ) ; 
m Um ( 5 , 2 - 0 - dimethyluridine ) ; s4U ( 4 - thiouridine ) ; 
m?s2U ( 5 - methyl - 2 - thiouridine ) ; s?Um ( 2 - thio - 2 - O - methy 
luridine ) ; acpU ( 3 - ( 3 - amino - 3 - carboxypropyl ) uridine ) ; 
hoU ( 5 - hydroxyuridine ) ; moU ( 5 - methoxyuridine ) ; 
cmo U ( uridine 5 - oxyacetic acid ) ; mcmo U ( uridine 5 - oxy 
acetic acid methyl ester ) ; chm ’ U ( 5 - ( carboxyhydroxym 
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ethyl ) uridine ) ) ; mchmU ( 5 - ( carboxyhydroxymethyl ) uri 
dine methyl ester ) ; mcmU 
( 5 - methoxycarbonylmethyluridine ) ; mcm Um ( 5 - methoxy 
carbonylmethyl - 2 - O - methyluridine ) ; mcmºs2U 
( 5 - methoxycarbonylmethyl - 2 - thiouridine ) ; nmºs U 
( 5 - aminomethyl - 2 - thiouridine ) ; mnm®U ( 5 - methylaminom 
ethyluridine ) ; mnm s?U ( 5 - methylaminomethyl - 2 - thiouri 
dine ) ; mnm se U ( 5 - methylaminomethyl - 2 - selenouridine ) ; 
ncm U ( 5 - carb amoylmethyluridine ) ; ncm Um ( 5 - carbam 
oylmethyl - 2 ' - O - methyluridine ) ; cmnm U ( 5 - carboxymeth 
ylaminomethyluridine ) ; cmnm Um ( 5 - carboxymethylamin 
omethyl - 2 - O - methyluridine ) ; cmnm s2U 
( 5 - carboxymethylaminomethyl - 2 - thiouridine ) ; m A ( N “ , 
Nº - dimethyladenosine ) ; Im ( 2 - O - methylinosine ) ; m * C ( N4 
methylcytidine ) ; m * Cm ( N4 , 2 - 0 - dimethylcytidine ) ; hm C 
( 5 - hydroxymethylcytidine ) ; mU ( 3 - methyluridine ) ; cm U 
( 5 - carboxymethyluridine ) ; m?Am ( N° , 2 - 0 - dimethylad 
enosine ) ; m ' Am ( N “ , N " , 0 - 2 ' - trimethyladenosine ) ; m2 , 76 
( N2 , 7 - dimethylguanosine ) ; m2 , 2 , 76 ( N2 , N2 , 7 - trimethyl 
guanosine ) ; mUm ( 3 , 2 - 0 - dimethyluridine ) ; m®D ( 5 - meth 
yldihydrouridine ) ; fcm ( 5 - formyl - 2 - O - methylcytidine ) ; 
m ' Gm ( 1 , 2 - O - dimethylguanosine ) ; m ’ Am ( 1 , 2 - 0 - dimeth 
yladenosine ) ; tm®U ( 5 - taurinomethyluridine ) ; tm s²U 
( 5 - taurinomethyl - 2 - thiouridine ) ) ; imG - 14 ( 4 - demethyl 
wyosine ) ; imG2 ( isowyosine ) ; or acºA ( N - acetyladenos 
ine ) . 
[ 0258 ] In another embodiment , a nucleoside - modified 
RNA of the present invention comprises a combination of 2 
or more of the above modifications . In another embodiment , 
the nucleoside - modified RNA comprises a combination of 3 
or more of the above modifications . In another embodiment , 
the nucleoside - modified RNA comprises a combination of 
more than 3 of the above modifications . 
[ 0259 ] In another embodiment , between 0 . 1 % and 100 % 
of the residues in the nucleoside - modified of the present 
invention are modified ( e . g . either by the presence of 
pseudouridine or a modified nucleoside base ) . In another 
embodiment , 0 . 1 % of the residues are modified . In another 
embodiment , the fraction of modified residues is 0 . 2 % . In 
another embodiment , the fraction is 0 . 3 % . In another 
embodiment , the fraction is 0 . 4 % . In another embodiment , 
the fraction is 0 . 5 % . In another embodiment , the fraction is 
0 . 6 % . In another embodiment , the fraction is 0 . 8 % . In 
another embodiment , the fraction is 1 % . In another embodi 
ment , the fraction is 1 . 5 % . In another embodiment , the 
fraction is 2 % . In another embodiment , the fraction is 2 . 5 % . 
In another embodiment , the fraction is 3 % . In another 
embodiment , the fraction is 4 % . In another embodiment , the 
fraction is 5 % . In another embodiment , the fraction is 6 % . 
In another embodiment , the fraction is 8 % . In another 
embodiment , the fraction is 10 % . In another embodiment , 
the fraction is 12 % . In another embodiment , the fraction is 
14 % . In another embodiment , the fraction is 16 % . In another 
embodiment , the fraction is 18 % . In another embodiment , 
the fraction is 20 % . In another embodiment , the fraction is 
25 % . In another embodiment , the fraction is 30 % . In another 
embodiment , the fraction is 35 % . In another embodiment , 
the fraction is 40 % . In another embodiment , the fraction is 
45 % . In another embodiment , the fraction is 50 % . In another 
embodiment , the fraction is 60 % . In another embodiment , 
the fraction is 70 % . In another embodiment , the fraction is 
80 % . In another embodiment , the fraction is 90 % . In another 
embodiment , the fraction is 100 % . 

[ 0260 ] In another embodiment , the fraction is less than 
5 % . In another embodiment , the fraction is less than 3 % . In 
another embodiment , the fraction is less than 1 % . In another 
embodiment , the fraction is less than 2 % . In another 
embodiment , the fraction is less than 4 % . In another 
embodiment , the fraction is less than 6 % . In another 
embodiment , the fraction is less than 8 % . In another 
embodiment , the fraction is less than 10 % . In another 
embodiment , the fraction is less than 12 % . In another 
embodiment , the fraction is less than 15 % . In another 
embodiment , the fraction is less than 20 % . In another 
embodiment , the fraction is less than 30 % . In another 
embodiment , the fraction is less than 40 % . In another 
embodiment , the fraction is less than 50 % . In another 
embodiment , the fraction is less than 60 % . In another 
embodiment , the fraction is less than 70 % . 
10261 ] In another embodiment , 0 . 1 % of the residues of a 
given nucleoside ( i . e . , uridine , cytidine , guanosine , or 
adenosine ) are modified . In another embodiment , the frac 
tion of the given nucleotide that is modified is 0 . 2 % . In 
another embodiment , the fraction is 0 . 3 % . In another 
embodiment , the fraction is 0 . 4 % . In another embodiment , 
the fraction is 0 . 5 % . In another embodiment , the fraction is 
0 . 6 % . In another embodiment , the fraction is 0 . 8 % . In 
another embodiment , the fraction is 1 % . In another embodi 
ment , the fraction is 1 . 5 % . In another embodiment , the 
fraction is 2 % . In another embodiment , the fraction is 2 . 5 % . 
In another embodiment , the fraction is 3 % . In another 
embodiment , the fraction is 4 % . In another embodiment , the 
fraction is 5 % . In another embodiment , the fraction is 6 % . 
In another embodiment , the fraction is 8 % . In another 
embodiment , the fraction is 10 % . In another embodiment , 
the fraction is 12 % . In another embodiment , the fraction is 
14 % . In another embodiment , the fraction is 16 % . In another 
embodiment , the fraction is 18 % . In another embodiment , 
the fraction is 20 % . In another embodiment , the fraction is 
25 % . In another embodiment , the fraction is 30 % . In another 
embodiment , the fraction is 35 % . In another embodiment , 
the fraction is 40 % . In another embodiment , the fraction is 
45 % . In another embodiment , the fraction is 50 % . In another 
embodiment , the fraction is 60 % . In another embodiment , 
the fraction is 70 % . In another embodiment , the fraction is 
80 % . In another embodiment , the fraction is 90 % . In another 
embodiment , the fraction is 100 % . 
[ 0262 ] In another embodiment , the fraction of the given 
nucleotide that is modified is less than 8 % . In another 
embodiment , the fraction is less than 10 % . In another 
embodiment , the fraction is less than 5 % . In another 
embodiment , the fraction is less than 3 % . In another 
embodiment , the fraction is less than 1 % . In another 
embodiment , the fraction is less than 2 % . In another 
embodiment , the fraction is less than 4 % . In another 
embodiment , the fraction is less than 6 % . In another 
embodiment , the fraction is less than 12 % . In another 
embodiment , the fraction is less than 15 % . In another 
embodiment , the fraction is less than 20 % . In another 
embodiment , the fraction is less than 30 % . In another 
embodiment , the fraction is less than 40 % . In another 
embodiment , the fraction is less than 50 % . In another 
embodiment , the fraction is less than 60 % . In another 
embodiment , the fraction is less than 70 % . 
[ 0263 ] In another embodiment , a nucleoside - modified 
RNA of the present invention is translated in the cell more 
efficiently than an unmodified RNA molecule with the same 
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sequence . In another embodiment , the nucleoside - modified 
RNA exhibits enhanced ability to be translated by a target 
cell . In another embodiment , translation is enhanced by a 
factor of 2 - fold relative to its unmodified counterpart . In 
another embodiment , translation is enhanced by a 3 - fold 
factor . In another embodiment , translation is enhanced by a 
5 - fold factor . In another embodiment , translation is 
enhanced by a 7 - fold factor . In another embodiment , trans 
lation is enhanced by a 10 - fold factor . In another embodi 
ment , translation is enhanced by a 15 - fold factor . In another 
embodiment , translation is enhanced by a 20 - fold factor . In 
another embodiment , translation is enhanced by a 50 - fold 
factor . In another embodiment , translation is enhanced by a 
100 - fold factor . In another embodiment , translation is 
enhanced by a 200 - fold factor . In another embodiment , 
translation is enhanced by a 500 - fold factor . In another 
embodiment , translation is enhanced by a 1000 - fold factor . 
In another embodiment , translation is enhanced by a 2000 
fold factor . In another embodiment , the factor is 10 - 1000 
fold . In another embodiment , the factor is 10 - 100 - fold . In 
another embodiment , the factor is 10 - 200 - fold . In another 
embodiment , the factor is 10 - 300 - fold . In another embodi 
ment , the factor is 10 - 500 - fold . In another embodiment , the 
factor is 20 - 1000 - fold . In another embodiment , the factor is 
30 - 1000 - fold . In another embodiment , the factor is 50 - 1000 
fold . In another embodiment , the factor is 100 - 1000 - fold . In 
another embodiment , the factor is 200 - 1000 - fold . In another 
embodiment , translation is enhanced by any other significant 
amount or range of amounts . 
[ 0264 ] In another embodiment , the nucleoside - modified 
antigen - encoding RNA of the present invention induces 
significantly more adaptive immune response than an 
unmodified in vitro - synthesized RNA molecule with the 
same sequence . In another embodiment , the modified RNA 
molecule exhibits an adaptive immune response that is 
2 - fold greater than its unmodified counterpart . In another 
embodiment , the adaptive immune response is increased by 
a 3 - fold factor . In another embodiment the adaptive immune 
response is increased by a 5 - fold factor . In another embodi 
ment , the adaptive immune response is increased by a 7 - fold 
factor . In another embodiment , the adaptive immune 
response is increased by a 10 - fold factor . In another embodi 
ment , the adaptive immune response is increased by a 
15 - fold factor . In another embodiment the adaptive immune 
response is increased by a 20 - fold factor . In another embodi 
ment , the adaptive immune response is increased by a 
50 - fold factor . In another embodiment , the adaptive immune 
response is increased by a 100 - fold factor . In another 
embodiment , the adaptive immune response is increased by 
a 200 - fold factor . In another embodiment , the adaptive 
immune response is increased by a 500 - fold factor . In 
another embodiment , the adaptive immune response is 
increased by a 1000 - fold factor . In another embodiment , the 
adaptive immune response is increased by a 2000 - fold 
factor . In another embodiment , the adaptive immune 
response is increased by another fold difference . 
10265 ] . In another embodiment , “ induces significantly 
more adaptive immune response ” refers to a detectable 
increase in an adaptive immune response . In another 
embodiment , the term refers to a fold increase in the 
adaptive immune response ( e . g . , 1 of the fold increases 
enumerated above ) . In another embodiment , the term refers 
to an increase such that the nucleoside - modified RNA can be 
administered at a lower dose or frequency than an unmodi - 

fied RNA molecule with the same species while still induc 
ing an effective adaptive immune response . In another 
embodiment , the increase is such that the nucleoside - modi 
fied RNA can be administered using a single dose to induce 
an effective adaptive immune response . 
[ 0266 ] In another embodiment , the nucleoside - modified 
RNA of the present invention exhibits significantly less 
innate immunogenicity than an unmodified in vitro - synthe 
sized RNA molecule with the same sequence . In another 
embodiment , the modified RNA molecule exhibits an innate 
immune response that is 2 - fold less than its unmodified 
counterpart . In another embodiment , innate immunogenicity 
is reduced by a 3 - fold factor . In another embodiment , innate 
immunogenicity is reduced by a 5 - fold factor . In another 
embodiment , innate immunogenicity is reduced by a 7 - fold 
factor . In another embodiment , innate immunogenicity is 
reduced by a 10 - fold factor . In another embodiment , innate 
immunogenicity is reduced by a 15 - fold factor . In another 
embodiment , innate immunogenicity is reduced by a 20 - fold 
factor . In another embodiment , innate immunogenicity is 
reduced by a 50 - fold factor . In another embodiment , innate 
immunogenicity is reduced by a 100 - fold factor . In another 
embodiment , innate immunogenicity is reduced by a 200 
fold factor . In another embodiment , innate immunogenicity 
is reduced by a 500 - fold factor . In another embodiment , 
innate immunogenicity is reduced by a 1000 - fold factor . In 
another embodiment , innate immunogenicity is reduced by 
a 2000 - fold factor . In another embodiment , innate immuno 
genicity is reduced by another fold difference . 
0267 ] In another embodiment , exhibits significantly less 
innate immunogenicity ” refers to a detectable decrease in 
innate immunogenicity . In another embodiment , the term 
refers to a fold decrease in innate immunogenicity ( e . g . , 1 of 
the fold decreases enumerated above ) . In another embodi 
ment , the term refers to a decrease such that an effective 
amount of the nucleoside - modified RNA can be adminis 
tered without triggering a detectable innate immune 
response . In another embodiment , the term refers to a 
decrease such that the nucleoside - modified RNA can be 
repeatedly administered without eliciting an innate immune 
response sufficient to detectably reduce production of the 
recombinant protein . In another embodiment , the decrease is 
such that the nucleoside - modified RNA can be repeatedly 
administered without eliciting an innate immune response 
sufficient to eliminate detectable production of the recom 
binant protein . 

Lipid Nanoparticle 
[ 0268 ] In one embodiment , delivery of nucleoside - modi 
fied RNA comprises any suitable delivery method , including 
exemplary RNA transfection methods described elsewhere 
herein . In certain embodiments , delivery of a nucleoside 
modified RNA to a subject comprises mixing the nucleoside 
modified RNA with a transfection reagent prior to the step 
of contacting . In another embodiment , a method of present 
invention further comprises administering nucleoside - modi 
fied RNA together with the transfection reagent . In another 
embodiment , the transfection reagent is a cationic lipid 
reagent . 

[ 0269 ] In another embodiment , the transfection reagent is 
a lipid - based transfection reagent . In another embodiment , 
the transfection reagent is a protein - based transfection 
reagent . In another embodiment , the transfection reagent is 
a polyethyleneimine based transfection reagent . In another 

es 
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embodiment , the transfection reagent is calcium phosphate . 
In another embodiment , the transfection reagent is Lipofec 
tin® , Lipofectamine® , or TransIT® . In another embodi 
ment , the transfection reagent is any other transfection 
reagent known in the art . 
[ 0270 ] In another embodiment , the transfection reagent 
forms a liposome . Liposomes , in another embodiment , 
increase intracellular stability , increase uptake efficiency and 
improve biological activity . In another embodiment , lipo 
somes are hollow spherical vesicles composed of lipids 
arranged in a similar fashion as those lipids which make up 
the cell membrane . They have , in another embodiment , an 
internal aqueous space for entrapping water - soluble com 
pounds and range in size from 0 . 05 to several microns in 
diameter . In another embodiment , liposomes can deliver 
RNA to cells in a biologically active form . 
[ 0271 ] In one embodiment , the composition comprises a 
lipid nanoparticle ( LNP ) and one or more nucleic acid 
molecules described herein . For example , in one embodi 
ment , the composition comprises an LNP and one or more 
nucleoside - modified RNA molecules encoding one or more 
antigens , adjuvants , or a combination thereof . 
[ 0272 ] The term “ lipid nanoparticle ” refers to a particle 
having at least one dimension on the order of nanometers 
( e . g . , 1 - 1 , 000 nm ) which includes one or more lipids , for 
example a lipid of Formula ( I ) , ( II ) or ( III ) . In some 
embodiments , lipid nanoparticles are included in a formu 
lation comprising a nucleoside - modified RNA as described 
herein . In some embodiments , such lipid nanoparticles com 
prise a cationic lipid ( e . g . , a lipid of Formula ( I ) , ( II ) or ( III ) ) 
and one or more excipient selected from neutral lipids , 
charged lipids , steroids and polymer conjugated lipids ( e . g . , 
a pegylated lipid such as a pegylated lipid of structure ( IV ) , 
such as compound IVa ) . In some embodiments , the nucleo 
side - modified RNA is encapsulated in the lipid portion of the 
lipid nanoparticle or an aqueous space enveloped by some or 
all of the lipid portion of the lipid nanoparticle , thereby 
protecting it from enzymatic degradation or other undesir 
able effects induced by the mechanisms of the host organism 
or cells e . g . an adverse immune response . 
[ 0273 ] In various embodiments , the lipid nanoparticles 
have a mean diameter of from about 30 nm to about 150 nm , 
from about 40 nm to about 150 nm , from about 50 nm to 
about 150 nm , from about 60 nm to about 130 nm , from 
about 70 nm to about 110 nm , from about 70 nm to about 
100 nm , from about 80 nm to about 100 nm , from about 90 
nm to about 100 nm , from about 70 to about 90 nm , from 
about 80 nm to about 90 nm , from about 70 nm to about 80 
nm , or about 30 nm , 35 nm , 40 nm , 45 nm , 50 nm , 55 nm , 
60 nm , 65 nm , 70 nm , 75 nm , 80 nm , 85 nm , 90 nm , 95 nm , 
100 nm , 105 nm , 110 nm , 115 nm , 120 nm , 125 nm , 130 nm , 
135 nm , 140 nm , 145 nm , or 150 nm , and are substantially 
non - toxic . In certain embodiments , the nucleoside - modified 
RNA , when present in the lipid nanoparticles , is resistant in 
aqueous solution to degradation with a nuclease . 
[ 0274 ] The LNP may comprise any lipid capable of form 
ing a particle to which the one or more nucleic acid 
molecules are attached , or in which the one or more nucleic 
acid molecules are encapsulated . The term “ lipid ” refers to 
a group of organic compounds that are derivatives of fatty 
acids ( e . g . , esters ) and are generally characterized by being 
insoluble in water but soluble in many organic solvents . 
Lipids are usually divided in at least three classes : ( 1 ) 
“ simple lipids ” which include fats and oils as well as waxes ; 

( 2 ) " compound lipids ” which include phospholipids and 
glycolipids ; and ( 3 ) “ derived lipids ” such as steroids . 
[ 0275 ] In one embodiment , the LNP comprises one or 
more cationic lipids , and one or more stabilizing lipids . 
Stabilizing lipids include neutral lipids and pegylated lipids . 
[ 0276 ] . In one embodiment , the LNP comprises a cationic 
lipid . As used herein , the term “ cationic lipid ” refers to a 
lipid that is cationic or becomes cationic ( protonated ) as the 
pH is lowered below the PK of the ionizable group of the 
lipid , but is progressively more neutral at higher pH values . 
At pH values below the pK , the lipid is then able to associate 
with negatively charged nucleic acids . In certain embodi 
ments , the cationic lipid comprises a zwitterionic lipid that 
assumes a positive charge on pH decrease . 
[ 0277 ] In certain embodiments , the cationic lipid com 
prises any of a number of lipid species which carry a net 
positive charge at a selective pH , such as physiological pH . 
Such lipids include , but are not limited to , N , N - dioleyl - N , 
N - dimethylammonium chloride ( DODAC ) ; N - ( 2 , 3 - dioley 
loxy ) propyl ) - N , N , N - trimethylammonium chloride 
( DOTMA ) ; N , N - distearyl - N , N - dimethylammonium bro 
mide ( DDAB ) ; N - ( 2 , 3 - dioleoyloxy ) propyl ) - N , N , N - trimeth 
ylammonium chloride ( DOTAP ) ; 3 - ( N - ( N , N - dimethyl 
aminoethane ) - carbamoyl ) cholesterol ( DC - Chol ) , N - ( 1 - ( 2 , 3 
dioleoyloxy ) propyl ) - N - 2 - ( sperminecarboxamido ) ethyl ) - N , 
N - dimethylammonium trifluoracetate ( DOSPA ) , 
dioctadecylamidoglycyl carboxyspermine ( DOGS ) , 1 , 2 - dio 
leoyl - 3 - dimethylammonium propane ( DODAP ) , N , N - dim 
ethyl - 2 , 3 - dioleoyloxy ) propylamine ( DODMA ) , and N - ( 1 , 2 
dimyristyloxyprop - 3 - yl ) - N , N - dimethyl - N - hydroxyethyl 
ammonium bromide ( DMRIE ) . Additionally , a number of 
commercial preparations of cationic lipids are available 
which can be used in the present invention . These include , 
for example , LIPOFECTIN® ( commercially available cat 
ionic liposomes comprising DOTMA and 1 , 2 - dioleoyl - sn 
3 - phosphoethanolamine ( DOPE ) , from GIBCO / BRL , Grand 
Island , N . Y . ) ; LIPOFECTAMINE® ( commercially available 
cationic liposomes comprising N - ( 1 - ( 2 , 3 - dioleyloxy ) pro 
pyl ) - N - ( 2 - ( sperminecarboxamido ) ethyl ) - N , N - dimethylam 
monium trifluoroacetate ( DOSPA ) and ( DOPE ) , from 
GIBCO / BRL ) ; and TRANSFECTAM® ( commercially 
available cationic lipids comprising dioctadecylamidoglycyl 
carboxyspermine ( DOGS ) in ethanol from Promega Corp . , 
Madison , Wis . ) . The following lipids are cationic and have 
a positive charge at below physiological pH : DODAP , 
DODMA , DMDMA , 1 , 2 - dilinoleyloxy - N , N - dimethylam 
inopropane ( DLinDMA ) , 1 , 2 - dilinolenyloxy - N , N - dimethyl 
aminopropane ( DLenDMA ) . 
[ 0278 ] In one embodiment , the cationic lipid is an amino 
lipid . Suitable amino lipids useful in the invention include 
those described in WO 2012 / 016184 , incorporated herein by 
reference in its entirety . Representative amino lipids include , 
but are not limited to , 1 , 2 - dilinoleyoxy - 3 - ( dimethylamino ) 
acetoxypropane ( DLin - DAC ) , 1 , 2 - dilinoleyoxy - 3 - mor 
pholinopropane ( DLin - MA ) , 1 , 2 - dilinoleoyl - 3 - dimethylam 
inopropane ( DLinDAP ) , 1 , 2 - dilinoleylthio - 3 
dimethylaminopropane ( DLin - S - DMA ) , 1 - linoleoyl - 2 
linoleyloxy - 3 - dimethylaminopropane ( DLin - 2 - DMAP ) , 
1 , 2 - dilinoleyloxy - 3 - trimethylaminopropane chloride salt 
( DLin - TMA . C1 ) , 1 , 2 - dilinoleoyl - 3 - trimethylaminopropane 
chloride salt ( DLin - TAP . CI ) , 1 , 2 - dilinoleyloxy - 3 - ( N - meth 
ylpiperazino ) propane ( DLin - MPZ ) , 3 - ( N , N - dilinoley 
lamino ) - 1 , 2 - propanediol ( DLinAP ) , 3 - ( N , N - dioleylamino ) 
1 , 2 - propanediol ( DOAP ) , 1 , 2 - dilinoleyloxo - 3 - ( 2 - N , N 
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dimethylamino ) ethoxypropane ( DLin - EG - DMA ) , and 2 , 2 
dilinoleyl - 4 - dimethylaminomethyl - [ 1 , 3 ] - dioxolane ( DLin 
K - DMA ) . 
[ 0279 ] Suitable amino lipids include those having the 
formula : 

R4 - N + CH2 ) , 
R3 z - tm 

[ 0280 ] wherein R , and R , are either the same or different 
and independently optionally substituted C10 - C24 alkyl , 
optionally substituted C1 - C24 alkenyl , optionally substi 
tuted C10 - C24 alkynyl , or optionally substituted C10 - C24 
acyl ; 
[ 0281 ] Rz and R4 are either the same or different and 
independently optionally substituted C - Co alkyl , optionally 
substituted C2 - C6 alkenyl , or optionally substituted C2 - C6 
alkynyl or Rz and R4 may join to form an optionally 
substituted heterocyclic ring of 4 to 6 carbon atoms and 1 or 
2 heteroatoms chosen from nitrogen and oxygen ; 
[ 0282 ] R , is either absent or present and when present is 
hydrogen or C , - C6 alkyl ; 
[ 0283 ] m , n , and p are either the same or different and 
independently either 0 or 1 with the proviso that m , n , and 
p are not simultaneously 0 ; 
[ 0284 ] qis 0 , 1 , 2 , 3 , or 4 ; and 
[ 0285 ] Y and Z are either the same or different and 
independently O , S , or NH . 
[ 0286 ] In one embodiment , R , and R , are each linoleyl , 
and the amino lipid is a dilinoleyl amino lipid . In one 
embodiment , the amino lipid is a dilinoleyl amino lipid . 
[ 0287 ] A representative useful dilinoleyl amino lipid has 
the formula : 

or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 
[ 0291 ] L ' and L are each independently — O ( C = 0 ) - , 

( C = 0 ) 0 — or a carbon - carbon double bond ; 
[ 0292 ] Ria and Rib are , at each occurrence , independently 
either ( a ) H or C , - C12 alkyl , or ( b ) Rla is H or CZ - C12 alkyl , 
and R 16 together with the carbon atom to which it is bound 
is taken together with an adjacent Rl ' and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0293 ] R24 and R26 are , at each occurrence , independently 
either ( a ) H or C , - C12 alkyl , or ( b ) R24 is H or C - C12 alkyl , 
and R26 together with the carbon atom to which it is bound 
is taken together with an adjacent R " and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0294 R3a and R35 are , at each occurrence , independently 
either ( a ) H or C , - C12 alkyl , or ( b ) R3a is H or CZ - C12 alkyl , 
and R36 together with the carbon atom to which it is bound 
is taken together with an adjacent R35 and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0295 ] R44 and R45 are , at each occurrence , independently 
either ( a ) H or C1 - C12 alkyl , or ( b ) R * ̂ is H or C2 - C12 alkyl , 
and R45 together with the carbon atom to which it is bound 
is taken together with an adjacent R * and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0296 ] Rs and R? are each independently methyl or 
cycloalkyl ; 
[ 0297 ] R ’ is , at each occurrence , independently H or 
CZ - C12 alkyl ; 
[ 0298 ] R8 and R are each independently C , - C12 alkyl ; or 
R8 and Rº , together with the nitrogen atom to which they are 
attached , form a 5 , 6 or 7 - membered heterocyclic ring 
comprising one nitrogen atom ; 
[ 0299 ] a and d are each independently an integer from 0 to 
24 ; 
[ 0300 ] band c are each independently an integer from 1 to 
24 ; and 
[ 0301 ] e is 1 or 2 . 
[ 0302 ] In certain embodiments of Formula ( I ) , at least one 
of Rla , R20 , R3a or R4a is C , - C 2 alkyl , or at least one of L ! 
or L² is O ( C = O ) — or ( C = 0 ) 0 — . In other embodi 
ments , Rla and Rib are not isopropyl when a is 6 or n - butyl 
when a is 8 . 
[ 0303 ] In still further embodiments of Formula ( I ) , at least 
one of R14 , R20 , R3a or R4a is C , - C12 alkyl , or at least one 
of L ' or L2 is O ( C = O ) — or ( C = 0 ) 0 — ; and 
[ 0304 ] Rla and R15 are not isopropyl when a is 6 or n - butyl 
when a is 8 . 
[ 0305 ] In other embodiments of Formula ( I ) , R8 and Rºare 
each independently unsubstituted C , - C12 alkyl ; or R $ and 
R ” , together with the nitrogen atom to which they are 
attached , form a 5 , 6 or 7 - membered heterocyclic ring 
comprising one nitrogen atom ; In certain embodiments of 
Formula ( I ) , any one of L ' or L ? may be ( C = 0 ) — or a 
carbon - carbon double bond . L ' and L2 may each be 
- O ( C = O ) — or may each be a carbon - carbon double bond . 
[ 0306 ] In some embodiments of Formula ( I ) , one of L ' or 
L is O ( C = 0 ) . In other embodiments , both Land L ? 
are O ( C = 0 ) - . 
[ 0307 ] In some embodiments of Formula ( I ) , one of L ' or 
L2 is – ( C = 0 ) 0 — . In other embodiments , both L ' and L2 
are ( C = 00 
[ 0308 ] In some other embodiments of Formula ( I ) , one of 
L ' or L2 is a carbon - carbon double bond . In other embodi 
ments , both L ' and L2 are a carbon - carbon double bond . 

( CH2 ) 5 

( CH?o y? CH ) 125 = 
A 

DLin - K - DMA 

10288 ] wherein n is 0 , 1 , 2 , 3 , or 4 . 
[ 0289 ] In one embodiment , the cationic lipid is a DLin 
K - DMA . In one embodiment , the cationic lipid is DLin 
KC2 - DMA ( DLin - K - DMA above , wherein n is 2 ) . 
[ 0290 ] In one embodiment , the cationic lipid component 
of the LNPs has the structure of Formula ( I ) : 

Rla R la R3a Rta 

R $ t1 L1 
R10 

NT 12T | R6 
R2 R3 R43 pt RSR 

Po 
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[ 0309 ] In still other embodiments of Formula ( I ) , one of L 
or L2 is O ( C = O ) — and the other of L ' or L² is ( C = ) 
0 - . In more embodiments , one of L ' or L ' is — O ( C = O ) - 
and the other of L ' or L2 is a carbon - carbon double bond . In 
yet more embodiments , one of L ' or L2 is ( C = 010 and 
the other of L ' or L2 is a carbon - carbon double bond . 
[ 0310 ] It is understood that “ carbon - carbon ” double bond , 
as used throughout the specification , refers to one of the 
following structures : 

Ra 

DQ 

or 

wherein Rº and Rare , at each occurrence , independently H 
or a substituent . For example , in some embodiments R ^ and 
Rare , at each occurrence , independently H , C . - C12 alkyl or 
cycloalkyl , for example H or C1 - C12 alkyl . 
[ 0311 ] In other embodiments , the lipid compounds of 
Formula ( I ) have the following structure ( la ) : 

Rla Rla R3a R4a 

sak | là Vh . Nic RS A 
RID R2 R30 R4 RO 

[ 0314 ] In certain embodiments of the lipid compound of 
Formula ( I ) , a , b , c and d are each independently an integer 
from 2 to 12 or an integer from 4 to 12 . In other embodi 
ments , a , b , c and d are each independently an integer from 
8 to 12 or 5 to 9 . In some certain embodiments , a is 0 . In 
some embodiments , a is 1 . In other embodiments , a is 2 . In 
more embodiments , a is 3 . In yet other embodiments , a is 4 . 
In some embodiments , a is 5 . In other embodiments , a is 6 . 
In more embodiments , a is 7 . In yet other embodiments , a is 
8 . In some embodiments , a is 9 . In other embodiments , a is 
10 . In more embodiments , a is 11 . In yet other embodiments , 
a is 12 . In some embodiments , a is 13 . In other embodi 
ments , a is 14 . In more embodiments , a is 15 . In yet other 
embodiments , a is 16 . 
0315 ] In some other embodiments of Formula ( I ) , b is 1 . 
In other embodiments , b is 2 . In more embodiments , b is 3 . 
In yet other embodiments , b is 4 . In some embodiments , b 
is 5 . In other embodiments , b is 6 . In more embodiments , b 
is 7 . In yet other embodiments , b is 8 . In some embodiments , 
b is 9 . In other embodiments , b is 10 . In more embodiments , 
bis 11 . In yet other embodiments , bis 12 . In some 
embodiments , b is 13 . In other embodiments , b is 14 . In 
more embodiments , b is 15 . In yet other embodiments , b is 
16 . 
[ 0316 ] In some more embodiments of Formula ( I ) , c is 1 . 
In other embodiments , c is 2 . In more embodiments , c is 3 . 
In yet other embodiments , c is 4 . In some embodiments , c is 
5 . In other embodiments , c is 6 . In more embodiments , c is 
7 . In yet other embodiments , c is 8 . In some embodiments , 
cis 9 . In other embodiments , c is 10 . In more embodiments , 
c is 11 . In yet other embodiments , c is 12 . In some embodi 
ments , c is 13 . In other embodiments , c is 14 . In more 
embodiments , c is 15 . In yet other embodiments , c is 16 . 
0317 ] In some certain other embodiments of Formula ( I ) , 
d is 0 . In some embodiments , d is 1 . In other embodiments , 
d is 2 . In more embodiments , d is 3 . In yet other embodi 
ments , d is 4 . In some embodiments , d is 5 . In other 
embodiments , d is 6 . In more embodiments , d is 7 . In yet 
other embodiments , d is 8 . In some embodiments , d is 9 . In 
other embodiments , d is 10 . In more embodiments , d is 11 . 
In yet other embodiments , d is 12 . In some embodiments , d 
is 13 . In other embodiments , d is 14 . In more embodiments , 
d is 15 . In yet other embodiments , d is 16 . 
[ 0318 ] In some other various embodiments of Formula ( I ) , 
a and d are the same . In some other embodiments , b and c 
are the same . In some other specific embodiments , a and d 
are the same and b and c are the same . 
[ 0319 ] The sum of a and b and the sum of c and d in 
Formula ( I ) are factors which may be varied to obtain a lipid 
of Formula ( 1 ) having the desired properties . In one embodi 
ment , a and b are chosen such that their sum is an integer 
ranging from 14 to 24 . In other embodiments , c and d are 
chosen such that their sum is an integer ranging from 14 to 
24 . In further embodiment , the sum of a and b and the sum 
of c and d are the same . For example , in some embodiments 
the sum of a and b and the sum of c and d are both the same 
integer which may range from 14 to 24 . In still more 
embodiments , a . b , c and d are selected such the sum of a and 
b and the sum of c and d is 12 or greater . 
[ 0320 ] In some embodiments of Formula ( 1 ) , e is 1 . In 
other embodiments , e is 2 . 
[ 0321 ] The substituents at Rla , R20 , R3a and R4a of For 
mula ( I ) are not particularly limited . In certain embodiments 
Rla , R20 , R3a and R4a are H at each occurrence . In certain 

RETARS 

[ 0312 ] In other embodiments , the lipid compounds of 
Formula ( I ) have the following structure ( Ib ) : 

( Ib ) 
ORlaR3a0 

IR 4a Rhe Re 
R25 R30 

RIO R $ R46 Rita 
R9 

[ 0313 ] In yet other embodiments , the lipid compounds of 
Formula ( I ) have the following structure ( Ic ) : 

( Ic ) plap3a 
Rle 

Rua x R ?? 
1 
IN 
R26 R36 | | 

RVO R71 
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other embodiments at least one of Ria , R20 , R3a and R4a is embodiments one or both of Rs or R is methyl . In certain 
C - C12 alkyl . In certain other embodiments at least one of other embodiments one or both of Ror Rºis cycloalkyl for 
Rla , R20 , R3a and R4a is C . - C , alkyl . In certain other example cyclohexyl . In these embodiments the cycloalkyl 
embodiments at least one of Rla , R20 , R3a and R4A is C , - Co . may be substituted or not substituted . In certain other 
alkyl . In some of the foregoing embodiments , the C7 - C , embodiments the cycloalkyl is substituted with C7 - C12 alkyl , 
alkyl is methyl , ethyl , n - propyl , iso - propyl , n - butyl , iso for example tert - butyl . 
butyl , tert - butyl , n - hexyl or n - octyl . 10326 ] The substituents at Rare not particularly limited in 
[ 0322 ] In certain embodiments of Formula ( I ) , Ra , Rib , the foregoing embodiments of Formula ( I ) . In certain 

embodiments at least one Ris H . In some other embodi R4a and R45 are C - C12 alkyl at each occurrence . ments , R ' is H at each occurrence . In certain other embodi 10323 ] In further embodiments of Formula ( I ) , at least one ments R ' is C , - C , , alkyl . of R16 , R26 , R36 and R46 is H or R14 , R25 , R36 and R46 are [ 0327 ] In certain other of the foregoing embodiments of 
H at each occurrence . Formula ( I ) , one of R8 or Rº is methyl . In other embodi 
[ 0324 ] In certain embodiments of Formula ( I ) , Rib ments , both R8 and Rºare methyl . 
together with the carbon atom to which it is bound is taken [ 0328 ] In some different embodiments of Formula ( I ) , R8 together with an adjacent Rlb and the carbon atom to which and R , together with the nitrogen atom to which they are 
it is bound to form a carbon - carbon double bond . In other attached , form a 5 , 6 or 7 - membered heterocyclic ring . In 
embodiments of the foregoing R4h together with the carbon some embodiments of the foregoing , RS and Rº , together 
atom to which it is bound is taken together with an adjacent with the nitrogen atom to which they are attached , form a 
R4b and the carbon atom to which it is bound to form a 5 - membered heterocyclic ring , for example a pyrrolidinyl 
carbon - carbon double bond . ring . 
[ 0325 ] The substituents at R5 and R of Formula ( 1 ) are not [ 0329 ] In various different embodiments , the lipid of For 
particularly limited in the foregoing embodiments . In certain mula ( I ) has one of the structures set forth in Table 1 below . 

TABLE 1 

Representative Lipids of Formula ( I ) 

Prep . 

No . Structure Method 

1 - 2 

I - 3 

yuyuyury 
wry . 
Yoruny 
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TABLE 1 - continued 
Representative Lipids of Formula ( I ) 

Prep . 
Method No . Structure 

1 - 4 

I - 5 

I - 6 

1 - 7 

ho wyt myyyy 
1 - 8 
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TABLE 1 - continued 
Representative Lipids of Formula ( I ) 

Prep . 
Method No . Structure Structure 

I - 9 

wild 
I - 10 

1 - 11 

1 - 12 

1 - 13 m 

w 
I - 14 

wyoriy 
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TABLE 1 - continued 
Representative Lipids of Formula ( I ) 

Prep . 
Method No . Structure 

1 - 15 O 0 

1 - 16 

1 - 17 

1 - 18 

1 - 19 

I - 20 

mamma 
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TABLE 1 - continued 

Representative Lipids of Formula ( 1 ) 

Prep . 

No . Structure Method 

1 - 21 

I - 22 

1 - 23 M 

1 - 24 

1 - 25 
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TABLE 1 - continued 

- Representative Lipids of Formula ( 1 ) 

Prep . 
Method No . Structure 

1 - 26 

1 - 27 

1 - 28 

1 - 29 

I - 30 



US 2018 / 0303925 A1 Oct . 25 , 2018 
32 

TABLE 1 - continued 

Representative Lipids of Formula ( I ) 

Prep . 

No . Structure Method 

I - 31 

1 - 32 

I - 33 

I - 34 

1 - 35 

www . my wywy 
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TABLE 1 - continued 

Representative Lipids of Formula ( I ) 

Prep . 

No . Structure Method 

I - 36 20 tur 
1 - 37 

arman 
1 - 38 " Symulam 
1 - 39 
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TABLE 1 - continued 
Representative Lipids of Formula ( I ) 

Prep . 
Method No . Structure 

1 - 40 

1 - 41 141 m 

[ 0330 ] In some embodiments , the LNPs comprise a lipid 
of Formula ( I ) , a nucleoside - modified RNA and one or more 
excipients selected from neutral lipids , steroids and pegy 
lated lipids . In some embodiments the lipid of Formula ( 1 ) 
is compound 1 - 5 . In some embodiments the lipid of Formula 
( I ) is compound 1 - 6 . 
[ 0331 ] In some other embodiments , the cationic lipid 
component of the LNPs has the structure of Formula ( II ) : 

( II ) 
Ra Ra Ria R4a 
IN 

R5T ali111 
R1 R2 R3 R4b 

[ 0334 ] G² is CEO , ( C = 0 ) , C ( O ) , 
- C ( O ) NRC or a direct bond ; 
[ 0335 ] Gº is C , - Co alkylene ; 
[ 0336 ] Ra is H or C , - C12 alkyl ; 
[ 0337 ] Rla and R16 are , at each occurrence , independently 
either : ( a ) H or C2 - C12 alkyl ; or ( b ) Rla is H or C1 - C12 alkyl , 
and R16 together with the carbon atom to which it is bound 
is taken together with an adjacent Rlb and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
103381 R20 and R25 are , at each occurrence , independently 
either : ( a ) H or C2 - C12 alkyl ; or ( b ) R2 ̂ is H or C1 - C12 alkyl , 
and R26 together with the carbon atom to which it is bound 
is taken together with an adjacent R2b and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0339 ] R3a and R35 are , at each occurrence , independently 
either : ( a ) H or C , - C12 alkyl ; or ( b ) R3a is H or C - C12 alkyl , 
and R together with the carbon atom to which it is bound 
is taken together with an adjacent Rºb and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0340 ] R4a and R4h are , at each occurrence , independently 
either : ( a ) H or C , - C12 alkyl ; or ( b ) R4a is H or C , - C12 alkyl , 
and R46 together with the carbon atom to which it is bound 
is taken together with an adjacent R4h and the carbon atom 
to which it is bound to form a carbon - carbon double bond ; 
[ 0341 ] R $ and R are each independently H or methyl ; 
[ 0342 ] R ’ is C4 - C20 alkyl ; 
[ 0343 ] R $ and Rº are each independently C , - C12 alkyl ; or 
R $ and Rº , together with the nitrogen atom to which they are 
attached , form a 5 , 6 or 7 - membered heterocyclic ring ; 
[ 0344 ] a , b , c and d are each independently an integer from 
1 to 24 ; and 
[ 0345 ] x is 0 , 1 or 2 . 

or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 
[ 0332 ] L ' and L2 are each independently O ( C = 0 ) , 
— ( C = 0 ) 0 , C30 , 0 , - S ( O ) - , 
- S S — , - C ( O ) - , - SC ( O ) - , - NR°C ( O ) - , 
- C ( = O ) NR — , - NR “ CEO ) NR " , OC ( = O ) NR — , 
- NR°CEO ) 0 , or a direct bond ; 

[ 0333 ] G ' is C , - C2 alkylene , - ( C = 0 , 0 ( C = 0 ) ; 
- SCE0 ) - , - NR " C ( O ) - or a direct bond ; 
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[ 0346 ] In some embodiments of Formula ( II ) , L ' and L2 
are each independently O ( C = 0 ) - , - ( C = 00 - or a 
direct bond . In other embodiments , G ? and G² are each 
independently — ( C = O ) — or a direct bond . In some dif - 
ferent embodiments , L ' and L2 are each independently 
- O ( C = 0 ) — , ( C = 0 ) 0 — or a direct bond ; and G ' and 
G2 are each independently ( C = 0 ) — or a direct bond . 
[ 0347 ] In some different embodiments of Formula ( II ) , L ' 
and L ? are each independently C ) — , - 0 - , - S ( O ) 

- S S — , - C ( O ) - , - SCFO ) - , - NR “ — , 
- NR°C40 ) , C ( O ) NR , NR " CEO ) NR " , 
- OCEO ) NR — — NR " C ( 0 ) O - , - NR ' S ( O ) 
XNR - , - NRCS ( O ) , - or - S ( O ) NR 
[ 0348 ] In other of the foregoing embodiments of Formula 
( II ) , the lipid compound has one of the following structures 
( IIA ) or ( IIB ) : 

[ 0355 ] In more embodiments of Formula ( II ) , for at least 
one occurrence of R2a and R25 , R20 is H or C , - C , , alkyl , and 
R25 together with the carbon atom to which it is bound is 
taken together with an adjacent R25 and the carbon atom to 
which it is bound to form a carbon - carbon double bond . 
[ 0356 ] In other different embodiments of Formula ( II ) , for 
at least one occurrence of R3a and R35 , R3a is H or C , - C , 2 
alkyl , and R36 together with the carbon atom to which it is 
bound is taken together with an adjacent R™ " and the carbon 
atom to which it is bound to form a carbon - carbon double 
bond . 
[ 0357 ] In various other embodiments of Formula ( II ) , the 
lipid compound has one of the following structures ( IIC ) or 
( IID ) : 

R2 R3a R4a ( IIA ) 
Rle R 2a R3aRta R5th tro or 8 

Rlb R20 R3b R43 
the 1211 R ua 1 R6 or R > 

R16 R 25 D3 D45 
R7 G3 - Re - 

( IID ) 
Pop Rla 

( IIB ) 
Rla RA R3aRta R5th TRO RID R 

estha LAT L2th 
R45 R1 R26 R3 

Z 
R ? 

& P 

[ 0349 ] In some embodiments of Formula ( II ) , the lipid 
compound has structure ( IIA ) . In other embodiments , the 
lipid compound has structure ( IIB ) . 
[ 0350 ] In any of the foregoing embodiments of Formula 
( II ) , one of L ' or L2 is O ( C = 0 - . For example , in some 
embodiments each of L ' and L are O ( C = 0 ) . 
[ 0351 ] In some different embodiments of Formula ( II ) , 
one of L ' or L² is – ( C = 0 ) 0 . For example , in some 
embodiments each of L ' and L ’ is ( C = 0 ) 0 — . . 
[ 0352 ] In different embodiments of Formula ( II ) , one of L 
or L² is a direct bond . As used herein , a “ direct bond ” means 
the group ( e . g . , L ' or L ? ) is absent . For example , in some 
embodiments each of Land L ? is a direct bond . 
[ 0353 ] In other different embodiments of Formula ( II ) , for 
at least one occurrence of Ra and R6 , Rla is H or C . - C , 
alkyl , and R16 together with the carbon atom to which it is 
bound is taken together with an adjacent R ! and the carbon 
atom to which it is bound to form a carbon - carbon double 
bond . 
[ 0354 ] In still other different embodiments of Formula 
( II ) , for at least one occurrence of R4a and R46 , R4a is H or 
C - C12 alkyl , and R46 together with the carbon atom to 
which it is bound is taken together with an adjacent R46 and 
the carbon atom to which it is bound to form a carbon - 
carbon double bond . 

wherein e , f , g and h are each independently an integer from 
1 to 12 . 
[ 0358 ] In some embodiments of Formula ( II ) , the lipid 
compound has structure ( IIC ) . In other embodiments , the 
lipid compound has structure ( IID ) . 
[ 0359 ] In various embodiments of structures ( IIC ) or 
( IID ) , e , f , g and h are each independently an integer from 
4 to 10 . 
[ 0360 ] In certain embodiments of Formula ( II ) , a , b , c and 
d are each independently an integer from 2 to 12 or an 
integer from 4 to 12 . In other embodiments , a , b , c and d are 
each independently an integer from 8 to 12 or 5 to 9 . In some 
certain embodiments , a is 0 . In some embodiments , a is 1 . In 
other embodiments , a is 2 . In more embodiments , a is 3 . In 
yet other embodiments , a is 4 . In some embodiments , a is 5 . 
In other embodiments , a is 6 . In more embodiments , a is 7 . 
In yet other embodiments , a is 8 . In some embodiments , a is 
9 . In other embodiments , a is 10 . In more embodiments , a is 
11 . In yet other embodiments , a is 12 . In some embodiments , 
a is 13 . In other embodiments , a is 14 . In more embodiments , 
a is 15 . In yet other embodiments , a is 16 . 
[ 0361 ] In some embodiments of Formula ( II ) , b is 1 . In 
other embodiments , b is 2 . In more embodiments , b is 3 . In 
yet other embodiments , b is 4 . In some embodiments , b is 5 . 
In other embodiments , b is 6 . In more embodiments , b is 7 . 
In yet other embodiments , b is 8 . In some embodiments , b 
is 9 . In other embodiments , b is 10 . In more embodiments , 
bis 11 . In yet other embodiments , bis 12 . In some 
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embodiments , b is 13 . In other embodiments , b is 14 . In 
more embodiments , b is 15 . In yet other embodiments , b is 
16 . 
[ 0362 ] In some embodiments of Formula ( II ) , c is 1 . In 
other embodiments , c is 2 . In more embodiments , c is 3 . In 
yet other embodiments , c is 4 . In some embodiments , c is 5 . 
In other embodiments , c is 6 . In more embodiments , c is 7 . 
In yet other embodiments , c is 8 . In some embodiments , cis 
9 . In other embodiments , c is 10 . In more embodiments , c is 
11 . In yet other embodiments , cis 12 . In some embodiments , 
cis 13 . In other embodiments , c is 14 . In more embodiments , 
c is 15 . In yet other embodiments , c is 16 . 
10363 ] . In some certain embodiments of Formula ( II ) , d is 
0 . In some embodiments , d is 1 . In other embodiments , d is 
2 . In more embodiments , d is 3 . In yet other embodiments , 
d is 4 . In some embodiments , d is 5 . In other embodiments , 
d is 6 . In more embodiments , d is 7 . In yet other embodi 
ments , d is 8 . In some embodiments , d is 9 . In other 
embodiments , d is 10 . In more embodiments , d is 11 . In yet 
other embodiments , d is 12 . In some embodiments , d is 13 . 
In other embodiments , d is 14 . In more embodiments , d is 
15 . In yet other embodiments , d is 16 . 
[ 0364 ] In some embodiments of Formula ( II ) , e is 1 . In 
other embodiments , e is 2 . In more embodiments , e is 3 . In 
yet other embodiments , e is 4 . In some embodiments , e is 5 . 
In other embodiments , e is 6 . In more embodiments , e is 7 . 
In yet other embodiments , e is 8 . In some embodiments , e is 
9 . In other embodiments , e is 10 . In more embodiments , e is 
11 . In yet other embodiments , e is 12 . 
[ 0365 ] In some embodiments of Formula ( II ) , f is 1 . In 
other embodiments , f is 2 . In more embodiments , f is 3 . In 
yet other embodiments , fis 4 . In some embodiments , f is 5 . 
In other embodiments , f is 6 . In more embodiments , f is 7 . 
In yet other embodiments , fis 8 . In some embodiments , fis 
9 . In other embodiments , f is 10 . In more embodiments , fis 
11 . In yet other embodiments , fis 12 . 
[ 0366 In some embodiments of Formula ( II ) , g is 1 . In 
other embodiments , g is 2 . In more embodiments , g is 3 . In 
yet other embodiments , g is 4 . In some embodiments , g is 5 . 
In other embodiments , gis 6 . In more embodiments , g is 7 . 
In yet other embodiments , g is 8 . In some embodiments , g 
is 9 . In other embodiments , g is 10 . In more embodiments , 
g is 11 . In yet other embodiments , g is 12 . 
[ 0367 ] In some embodiments of Formula ( II ) , h is 1 . In 
other embodiments , e is 2 . In more embodiments , h is 3 . In 
yet other embodiments , h is 4 . In some embodiments , e is 5 . 
In other embodiments , h is 6 . In more embodiments , h is 7 . 
In yet other embodiments , h is 8 . In some embodiments , h 
is 9 . In other embodiments , h is 10 . In more embodiments , 
h is 11 . In yet other embodiments , h is 12 . 
[ 0368 ] In some other various embodiments of Formula 
( II ) , a and d are the same . In some other embodiments , b and 
c are the same . In some other specific embodiments and a 
and d are the same and b and c are the same . 
[ 0369 ] The sum of a and b and the sum of c and d of 
Formula ( II ) are factors which may be varied to obtain a 
lipid having the desired properties . In one embodiment , a 
and b are chosen such that their sum is an integer ranging 
from 14 to 24 . In other embodiments , c and d are chosen 
such that their sum is an integer ranging from 14 to 24 . In 
further embodiment , the sum of a and b and the sum ofc and 
d are the same . For example , in some embodiments the sum 
of a and b and the sum of c and d are both the same integer 
which may range from 14 to 24 . In still more embodiments , 

a . b , c and d are selected such that the sum of a and b and 
the sum of c and d is 12 or greater . 
[ 0370 ] The substituents at Rla , R24 , R3a and R4a of For 
mula ( II ) are not particularly limited . In some embodiments , 
at least one of Rla , R20 , R3a and R4a is H . In certain 
embodiments Rla , R20 , R3a and R4a are H at each occur 
rence . In certain other embodiments at least one of Rla , R2a , 
Ra and R4a is C , - C , , alkyl . In certain other embodiments at 
least one of R14 , R24 , R3a and R4a is CZ - C alkyl . In certain 
other embodiments at least one of Rla , R20 , R3a and R4a is 
C , - C6 alkyl . In some of the foregoing embodiments , the 
C7 - C , alkyl is methyl , ethyl , n - propyl , iso - propyl , n - butyl , 
iso - butyl , tert - butyl , n - hexyl or n - octyl . 
[ 0371 ] In certain embodiments of Formula ( II ) , Rla , Rib , 
R4a and R4 % are C1 - C12 alkyl at each occurrence . 
[ 0372 ] In further embodiments of Formula ( II ) , at least 
one of R1b , R25 , R3b and R4b is H or Rlb , R2 , R36 and R45 
are H at each occurrence . 
[ 0373 ] In certain embodiments of Formula ( II ) , Rib 
together with the carbon atom to which it is bound is taken 
together with an adjacent R15 and the carbon atom to which 
it is bound to form a carbon - carbon double bond . In other 
embodiments of the foregoing R4h together with the carbon 
atom to which it is bound is taken together with an adjacent 
R46 and the carbon atom to which it is bound to form a 
carbon - carbon double bond . 
0374 ] The substituents at Rand R of Formula ( II ) are 
not particularly limited in the foregoing embodiments . In 
certain embodiments one of Rº or R is methyl . In other 
embodiments each of Ror Rºis methyl . 
[ 0375 ] The substituents at R7 of Formula ( II ) are not 
particularly limited in the foregoing embodiments . In certain 
embodiments R7 is C . - C16 alkyl . In some other embodi 
ments , R7 is C . - C . alkyl . In some of these embodiments , R7 
is substituted with ( C = O ) OR ' , - O ( C = OR , - C ( O ) 
Rb , OR " , - S ( O ) , R " , - S SR " , CEO ) SR " , SC 
FOR " , — NR ' R ' , — NR°C ( O ) R ' , CEO ) NROR " , 
- NR “ CEO ) NR “ R , OCFO ) NR “ R " , NR “ C ( O ) 
OR ” , - NR ' S ( O ) NR “ R ” , NR “ S ( O ) , Rb or S ( O ) N 
R “ R " , wherein : Rº is H or C , - C12 alkyl ; R5 is C , - C15 alkyl ; 
and x is 0 , 1 or 2 . For example , in some embodiments R ? is 
substituted with ( C = O ) OR or O ( CEO ) R . 
[ 0376 ] In various of the foregoing embodiments of For 
mula ( II ) , R is branched C - C15 alkyl . For example , in some 
embodiments R has one of the following structures : 
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- continued 
or 

win 

[ 0378 ] In some different embodiments of Formula ( II ) , RS 
and Rº , together with the nitrogen atom to which they are 
attached , form a 5 , 6 or 7 - membered heterocyclic ring . In 
some embodiments of the foregoing , RS and Rº , together 
with the nitrogen atom to which they are attached , form a 
5 - membered heterocyclic ring , for example a pyrrolidinyl 
ring . In some different embodiments of the foregoing , RS 
and R " , together with the nitrogen atom to which they are 
attached , form a 6 - membered heterocyclic ring , for example 
a piperazinyl ring . 
[ 0379 ] In still other embodiments of the foregoing lipids 
of Formula ( II ) , G3 is C2 - C4 alkylene , for example C3 
alkylene . 
[ 0380 ] In various different embodiments , the lipid com 
pound has one of the structures set forth in Table 2 below . 

[ 0377 ] In certain other of the foregoing embodiments of 
Formula ( II ) , one of R8 or Rº is methyl . In other embodi 
ments , both R8 and Rºare methyl . 

TABLE 2 
Representative Lipids of Formula ( II ) 

No . 
Prep . 

Method Structure 

II - 1 

II - 2 

II - 3 

II - 4 

II - 5 
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TABLE 2 - continued 
Representative Lipids of Formula ( II ) 

Prep . 
Method No . Structure 

II - 6 

II - 7 

II - 8 

II - 9 

www am II - 10 

II - 11 

" wmore . . 
O 
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TABLE 2 - continued 

Representative Lipids of Formula ( II ) 

Prep . 

No . Structure Method 

II - 12 

II - 13 

II - 14 

II - 15 " 
II - 16 

utama 
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TABLE 2 - continued 

Representative Lipids of Formula ( II ) 

Prep . 

No . Structure Method 

II - 17 

II - 18 

II - 19 

II - 20 
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Representative Lipids of Formula ( II ) 

Prep . 
No . Structure Method 

II - 21 

wy 
II - 22 

II - 23 

II - 24 
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Representative Lipids of Formula ( II ) 

Prep . 
Method No . Structure 

II - 25 

II - 26 

II - 27 

II - 28 

II - 29 
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TABLE 2 - continued 

Representative Lipids of Formula ( II ) 

Prep . 
No . Structure Method 

II - 30 AL 

II - 31 

II - 32 

II - 33 

II - 34 
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[ 0381 ] In some embodiments , the LNPs comprise a lipid 
of Formula ( II ) , a nucleoside - modified RNA and one or 
more excipient selected from neutral lipids , steroids and 
pegylated lipids . In some embodiments the lipid of Formula 
( II ) is compound II - 9 . In some embodiments the lipid of 
Formula ( II ) is compound II - 10 . In some embodiments the 
lipid of Formula ( II ) is compound II - 11 . In some embodi 
ments the lipid of Formula ( II ) is compound II - 12 . In some 
embodiments the lipid of Formula ( II ) is compound II - 32 . 
[ 0382 ] In some other embodiments , the cationic lipid 
component of the LNPs has the structure of Formula ( III ) : 

[ 0394 ] Róis , at each occurrence , independently H , OH or 
Cj - C24 alkyl ; 
[ 0395 ] n is an integer ranging from 1 to 15 . 
[ 0396 ] In some of the foregoing embodiments of Formula 
( III ) , the lipid has structure ( IIIA ) , and in other embodi 
ments , the lipid has structure ( IIIB ) . 
[ 0397 ] In other embodiments of Formula ( III ) , the lipid 
has one of the following structures ( IIIC ) or ( IIID ) : 

( IIIC ) 

( III ) 

Pro 
L ? ( IIID ) RILL R2 

RIMMER 
or a pharmaceutically acceptable salt , tautomer , prodrug or 
stereoisomer thereof , wherein : 
[ 0383 ] one of L ' or L2 is _ O ( C = O ) - , ( C = 010 , 
- C40 ) — , - 0 - , - S ( O ) , — , - S - S — , CEO ) S — , 
SC ( O ) - , NR " C ( O ) - , - C ( O ) NR — , NR°C 
GO ) NR , OC ( O ) NRa — or — NR " C ( 0 ) 0 — , and 
the other of L ' or L2 is O ( C = 0 ) , ( C = 0 ) 0 , 
- C1 = O ) - , - o - , - S ( O ) - , - S 5 % , CEO ) S — , 
SCO ) - , - NR " C ( O ) - , - C ( O ) NR , NR°C 
GO ) NR — , - OCZONRA — or — NR " CG00 — or a 
direct bond ; 
[ 0384 ] G and GP are each independently unsubstituted 
C7 - C12 alkylene or C1 - C12 alkenylene ; 
[ 0385 ] Gº is C , - C24 alkylene , C , - C24 alkenylene , Cz - C , 
cycloalkylene , C3 - Cg cycloalkenylene ; 
[ 0386 ] Rºis H or CZ - C12 alkyl ; 
[ 0387 ] R and R2 are each independently Co - C24 alkyl or 
C6 - C24 alkenyl ; 
[ 0388 ] R is H , OR , CN , C ( = O ) OR * , OC ( O ) R4 
or - NRC ( O ) R ; 
[ 0389 ] R4 is C - C12 alkyl ; 
[ 0390 ] R is H or C . - C . alkyl ; and 
[ 0391 ] x is 0 , 1 or 2 . 
[ 0392 ] In some of the foregoing embodiments of Formula 
( III ) , the lipid has one of the following structures ( IIIA ) or 
( IIIB ) : 

wherein y and z are each independently integers ranging 
from 1 to 12 . 
[ 0398 ] In any of the foregoing embodiments of Formula 
( III ) , one of L ' or L ? is O ( C = O ) — . For example , in some 
embodiments each of L ' and L2 are — O ( C = 0 ) . In some 
different embodiments of any of the foregoing , L ' and L are 
each independently – ( C = 0 ) 0 or O ( C = 0 ) — . For 
example , in some embodiments each of Land L2 is 

( C = 00 % 
[ 0399 ] In some different embodiments of Formula ( III ) , 
the lipid has one of the following structures ( IIIE ) or ( IIIF ) : 

( IIIE ) 

R 

( IIIF ) 

( IIA ) ( IIIA ) To G1 O - R ? 

L ? GT G2 R2 or 
[ 0400 ] In some of the foregoing embodiments of Formula 
( III ) , the lipid has one of the following structures ( IIIG ) , 
( IIIH ) , ( IIII ) , or ( IIIJ ) : ( IIIB ) 

RR 

( IIIG ) 

GINGER FRO 
RI yang ternyata LOR ? ; 

wherein : 
[ 0393 ] A is a 3 to 8 - membered cycloalkyl or cycloalkylene 
ring ; 
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- continued 
| RA R6 

( IIIH ) 
3 

some embodiments , C7 - C , alkyl is methyl , ethyl , n - propyl , 
iso - propyl , n - butyl , iso - butyl , tert - butyl , n - hexyl or n - octyl . 
[ 0410 ] In different embodiments of Formula ( III ) , Rl or 
R ? , or both , has one of the following structures : 

o 
. 

OR ? 
( 111 ) 

R3 
( A 

LO R ? or 

( IIIJ ) 
. 

with 2 OR ? 

min 

[ 0401 ] In some of the foregoing embodiments of Formula 
( III ) , n is an integer ranging from 2 to 12 , for example from 
2 to 8 or from 2 to 4 . For example , in some embodiments , 
n is 3 , 4 , 5 or 6 . In some embodiments , n is 3 . In some 
embodiments , n is 4 . In some embodiments , n is 5 . In some 
embodiments , n is 6 . 
[ 0402 ] In some other of the foregoing embodiments of 
Formula ( III ) , y and z are each independently an integer 
ranging from 2 to 10 . For example , in some embodiments , 
y and z are each independently an integer ranging from 4 to 
9 or from 4 to 6 . 
[ 0403 ] In some of the foregoing embodiments of Formula 
( III ) , R is H . In other of the foregoing embodiments , R™ is 
C - C24 alkyl . In other embodiments , R is OH . 
[ 0404 ] In some embodiments of Formula ( III ) , G3 is 
unsubstituted . In other embodiments , G3 is substituted . In 
various different embodiments , Gº is linear C1 - C24 alkylene 
or linear C . - C24 alkenylene . 
[ 0405 ] In some other foregoing embodiments of Formula 
( III ) , R ' or R , or both , is C6 - C24 alkenyl . For example , in 
some embodiments , R1 and R each , independently have the 
following structure : 

w 

mon 

H? nun R7 

wherein : 
[ 0406 ] Ria and R75 are , at each occurrence , independently 
H or C , - C12 alkyl ; and 
[ 0407 ] a is an integer from 2 to 12 , 
wherein R7a , R7 and a are each selected such that R1 and R ? 
each independently comprise from 6 to 20 carbon atoms . For 
example , in some embodiments a is an integer ranging from 
5 to 9 or from 8 to 12 . 
[ 0408 ] In some of the foregoing embodiments of Formula 
( III ) , at least one occurrence of Ra is H . For example , in 
some embodiments , Rais H at each occurrence . 
[ 0409 ] In other different embodiments of the foregoing , at 
least one occurrence of R75 is C , - C , alkyl . For example , in 

[ 0411 ] In some of the foregoing embodiments of Formula 
( III ) , R is OH , CN , C ( O ) OR , OC ( O ) R4 or 
- NHC ( O ) R4 . In some embodiments , R4 is methyl or 
ethyl . 
[ 0412 ] In various different embodiments , the cationic lipid 
of Formula ( III ) has one of the structures set forth in Table 
3 below . 
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TABLE 3 

Representative Compounds of Formula ( III ) 

Prep . 
No . Structure Method 

III - 1 

?? , 

III - 2 

HO 

III - 3 

HO . 

III - 4 

HO 
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TABLE 3 - continued 

Representative Compounds of Formula ( III ) 

Prep . 
No . Structure Method 

III - 5 

HO 

III - 6 

HO 

III - 7 

HO 

III - 8 

HO . 
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TABLE 3 - continued 
Representative Compounds of Formula ( III ) 

Prep . 
No . Structure Method 

III - 9 

OH 

III - 10 

?? . 
N 

III - 11 

HO . 

III - 12 

HO . 

III - 13 m OS 0 

?? . 



US 2018 / 0303925 A1 Oct . 25 , 2018 
49 

TABLE 3 - continued 
Representative Compounds of Formula ( III ) 

Prep . 
Method No . Structure 

III - 14 HO 

III - 15 

?? . 

III - 16 

HO 

III - 17 

III - 18 

HO 










































































