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% 3% 49% 75% 40%  38%  50% 7%  25%  55%  50% 0%  100%  100% 0%
30% 4% 51% 75% 60%  48%  63%  72%  25%  55%  50%  50%  100%  100% 0%
Wl o 20%  18% 42% 48% 5% 17%  39% 0%  18% 0% 0% 0% 0% 0%
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o|71E 1B BT ojza
16

BELE 32% 100% 13% 88% 75% 13% 0% 13% 0% 0% 0% 0% 0% 13% 13% 0%

0| Z} 4 8% 100% 0% AV 100% 100% 100% 25%  75%  75%  25% 25% 25% 0% 100% 100% 25%
Tof 21 42% 100% 0% YA 86% 95%  52% 62%  62%  52%  48% 0% 14% 0% 62% 67% 52%
2Ot 22 41% 100%  23% VM 77%  64%  21%  23%  14% 9% 14% 9% 14% 0% 18% 23% 18%
2}0|xt 2 4% 100% 0% S8 50% 50% 50%  50% 100% 50% 0% 0% 50% 0% 100% 100% 50%

\°

B

Fole 12 2% 100%  17% 67% 83% 17% 17% 25% 17% 8% 0% 17% 0% 25% 17% 17%
2ELG 12 43%  100% 8% 0% 9% 58% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
3327 T ) 7% 100%  50% 50% 50% 50% 50% 50% 0%  50% 50% 50% 0%  50% 50% 50%
0] e 3 1% 100% 0% 100% 67% 0% 33% 0% 33% 0% 0% 0% 0% 33% 33% 0%
2HL 3 16% 97%  26% 65% 65% 45% 26% 19% 3%  13% 3% 6% 0%  45% 48%  16%
el slojxt 9 5% 100% 1% 89% 89% 78% 56% 67% 33% 0% 1% 2% 0% 78% 78%  44%
0] 1 1%  100% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2y 3 6% 100% 0% 100% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
537 TP Y 2% 100%  27% 55% 64% 45% @ 45% 36% 9% 21% 0% 27% 0%  55% 55%  36%
Fojs 2 4% 95% 0% 29/, 0% 100% 43% 43% 43% 43% 38% 0% 0% 0% 33% 48% 2%
2HLY 2 29% 100% 0% 100% 100% 0% 0% 50% 0% 0% 0% 0% 0% 0% 0% 0%
EEE slolxt 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0] e 0 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2EL 125 41%  94%  18% [EIEAN 74% 60% 26% 14% 14% 0%  10% 3% 8% 0%  30% 33% 9%
el stojxt 32 1% 100% 9% [ELGAl 72% 81% 75% 47% 50% 28% 2% 16% 25% 0%  78% 78%  44%
oy 50 17% 100% 10% [E2X00 78% 74% 24% 30% 28% 2% 18% 2% 6% 0%  26% 36%  24%

1| &9 Xx9 2
0 FZ1H9 mRNA "A12] mRNA ¥uF 7% 2 A2AFS vlgo g o4t

@ 5'UTR | Sig.Seq AnLo]3 THeHE 3'UTR | Poly(A)

(UTR: untranslated region, Sig. Seq:Al MY, mRNASQ| uridine N1-methylpseudouridine22 z|gh

(il- 11 ) Assemblies of putative SARS-CoVz-spike-encoding mRNA sequences for vaccines BNT-
= 162b2 and mRNA-1273.

##version 0.21Beta 04/14/21: (updates intended to (i) clarify the clinical and research importance of sequence information and
strand topology measurements. and (ii) clarify that the mRNA sequence is not a recipe to produce vaccine)##

Dae-Eun Jeong, Matthew McCoy, Karen Artiles, Orkan Ilbay, Andrew Fire®, Kari Nadeau, Helen Park,
Brooke Betts, Scott Boyd, Ramona Hoh, and Massa Shoura*

Departments of Pathology, Genetics, Pediatries, and Medicine, Stanford University School of
Medicine and Veterans Affairs Palo Alto Medical Center
*Correspondence: afire@stanford.edu and/or massa86@stanford.edu
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(2F113) FO{tH WO 2021/156267 (°21.8.12) uridine A& E&f
BOLy WO 2021/159130 (°21.8.12), WO 2021/159040 ('21.8.12))
WO 2021/154763 ('21.8. 5)
HFO| 2 QHEH WO 2021/213924, 213945('21.10.28.)
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Capping 7mG(5")ppp(5 )NImpNp | M, 73-0Gppp(m; 20)ApG
5'UTR MEHS 2 MEHS 12
Y H(sig.seq I MEHS 7,8 MEHS 7
&) (SH4F Ooff| =4k ME) (Org| Ak ME)
3'UTR MEHS 4 MEHS 13
Poly(a) tail MEHS 14

o RO} wiile] 2 AMgEE 5 UIR ¥ EF 9 2vjo)=(S) Tz
H AL 60 FIAZ) = prefusion 7% BE NIH 3" 3=l &
7] ekokal So|xjulol ot Male] F2 A4 3.UTR #d E3:=
gl BT EH S

* BEL 55 W02018/213789 (3h= X): *+ NIH 551 US10960070 B2 (2F= X)
*xx HIO| QOHEN £5] W02017/060314 (3= 10-2018-0057647)

o IZHIZ E3E mRNA ¥}le] E3|E T dF= vy ZEIEA,
FE U YA TS gk A&5A0 TUHTY 8
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=
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[ MRNA THEXZ o]

THHT s T Ug

W02018/081318 U.S A T ZL{HIO|2| A AO| 3 THEHAL pre-fusion QHYSH EHEHO|
W02021/159130, 154763 S o4 T2LH9 mRNA HiAl E5
W02015/085318 DLt GC &, H|& 3y, 5'UTR, W02018/213789
WO 2021/213924,213945 HIO| @QHE! | Z2LH19 mRNA HiAl E5
¢W02017/060314 HIO| @QHE! | 3" UTR(AES&12S RNA) ME, mRNA 231 S g1}
W02016/005004 HfO| Q0HE! | A30-linker-A70 L2
W02021/156267 01 Bt ZZL19 mRNA B4 S5, HAI01, B4 FEHARI 5 2=,
W02002/098443 O] el GC & 2|4etE &3t mRNA HY =2
@WOZOT 3/143698, 143699, 143700 0t 5 TOP Ql= 5UTR
W02012/019780 O u histone Stem-loop &
5'UTR- A= M H(signal sequence)-&&-3'UTR- poly (A) tail T+&*

T ELIHIO[{ A ATHO[3 Ef“”"'a pre-fusion HEHE QFHEIA|ZI SOl T ¢ 0|8
5'UTR, 3'UTR, poly (A) tail2 Si27| =20k 3|2 MEo|A ME} = CHHat MY 7 sto] AL

* W01999/14346, EP1083232('99 Z&), EP726319('96 Z&) UTR, &, poly(A) tail Z& mRNA 7[X{

_12_
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’ . A C}HH Xl .
Promoter 5'UTR Sig.Seq Anto|3 THHA 3'UTR Poly(A)
WO02021/213924
X &Ml IR ME ZE 5'UTR aacu aguauucuuc ugguccccac agacucagag agaacccgcc acc
3lo|xfy | ¥ih1 =E2Y ME, MEHD: 12
Hio| 2 (5'UTR Ol SEQ ID NO: 21(RNA) ggcgaacuaguauucuucugguccccacagacucagagag aacccgcecac ¢
QHEY WO 2020/150152 SEQ ID NO: 22(DNA) ggcgaactag tattcttctg gtccccacag actcagagag aacccgccac ¢
MYHT 21-24 (RE M) SEQ ID NO: 23(RNA, short) uucuucuggu ccccacagac ucagagagaa cccgecacc
ANEHZ 19,40, 4225 & SEQ ID NO: 24(DNA, short)) ttcttctggt ccccacagac tcagagagaa cccgecacc
WO02021/159130, 154763 & GGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACCCCGGCGCCGCCACC
WO02015/085318(&1) WO02021/159130 MEMZ 2
2oLt (5'UTR Of]) UCAAGCUUUUGGACCCUCGUACAGAAGCUAAUACGAC
US 10,702,600, US2020/0254086 (O)  UCACUAUAGGGAAAUAAGAGAGARARGAAGAGUAAG
WO02014/164253, WO2013/151663 ARGARAUAUAAGAGCCACJAUQUCACCGCARCGAGAC
WO02021/156267 , = e . S .
HH o =, (=13 of
HojuH W02013/143698, 143699143700 HSD17B4 2l 5’UTR &; (5" & Et oligo pyrimidine track@l = 5'UTR)
oty E} =2 2H| g AR
(Y8t7)%) ﬁﬁ;” PERESUTR + 35| g 2020/0254086[0122]-[0131] § &=
= o
*Z 45t 2|5k § A (restriction enzyme)2 A& 3} **xKozak sequence: 5'-(gcc)gccReccAUGG-3 (R=A or G, AUG start codon)
»*x5TOP ¢l = 5'UTR
T7 ’ c T b | ’
5'UTR Sig.Se Anjio|3 chud 3'UTR Poly(A
promoter 9-°¢q 0| o= y(A)
SI0|Xl/ | ATO|= CHEE LHTY M (1-16aa)
HiO| QHE], | W02021/213924 (H}O| ¢HE]) | MFVFLVLLPLVSSQCV
BCL, | W02021/159130, 154763 (2 5 Lb| (auguucguguuccuggugcugeugcecucugguguce agccagugugug)
Fo{4y W02021/156267(5-01 1)

RELLEY

(Sig seq. F10f)
US10,702,600

HuIgG; signal METPAQLLFLLLLWLPDITG Japanese MLGSNSGQRVVFTILLLLVAPAYS
peptide encephalitis PRM

531 0'"*1 signal sequence
. SEQID NO: 15-19 & IgE heavy chain MDWTWI LFLVAAATRVHS
Sig Seql_i epsilon -1 signal VSVg protein MKCLLYLAFLFIGVNCA
AzI')-I‘CQE:-I'T'-E \A’OZO‘I 3/151663 peptide signal sequence
7| X4 El off 5 Signal sequence b Japanege MWLVSLAIVTACAGA
ss-001~060 O] [000226] & X encephalitis JEV
signal gequence
7 , ; ATHO| 3 CHEHEI ,
promoter 5'UTR Sig.Seq Anio|3 THH A 3'UTR Poly(A)
|
|
SARS-CoV-2 ALt0| 3 CHEH21- MN908947.3, QHD43416.1
10| 2t/ (1-16aa signal peptide) O CERE

o oty

(AT0| 3 B (R E) B B3))

WO 2018/081318(LH 2f: GRAHAM, Barney, NIH-NIAID et al, % 1: USA,

ZSHHO| =2 = pre-fusion 712 AHSK(2P)
WO 2018/081318(NIH &)

1o :
Dartmouth college, The Scripps Rl) 35 2% ah 20l o[ L AFS T CIEIOH
2.0{H 2P mutation (K986P/ V987P), Prefusion JLX 2 Q2 3t ®—:(I3_Cdr-||c?12=rl£° C?irill; A2 ZYSHH,
= A== =
W02002/98443 (30{HH)
@Glrsop | 91 TLVKQLSSNFGAISSVLNDILSRLD AEVQIDRLITGRLGSLQTYVTQQLIRAAEIRA 1020
961 TLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLASLATYVTQALIRAAEIRA 1020 >t WOl AFBE = ZEL 2 XY

« BCL W02021/159130 MEHS 7 FH=E

- HIO|QOHE W02021/213924 MEHS 7 =

« F0{% W02021/156267 MEHS 10 &=

_13_



w LRGN =
L . AmtolT chaE
promoter 5'UTR Sig.Seq mto| A 3'UTR Poly(A)
]
1
WO02021/213924
WO 2017/060314 cucgagcuggu acugcaugcacgcaaugcua gcugccccuu ucccguccug gguacceccga
ﬂolzr/ 3'UTR(CAS 2417899—77—3) ) gucucccccg accucggguc ccagguaugc ucccaccucc accugceccca cucaccaccu

HFo| 2 QHEy

cugcuaguuc cagacaccuc ccaagcacgc agcaaugcag cucaaaacgc uuagecuage
cacaccccca cgggaaacag cagugauuaa ccuuuagcaa uaaacgaaag uuuaacuaag
cuauacuaac cccaggguug gucaauuucg ugccagecac acccuggage uag

amino-terminal enhancer of
split(AES)2F mitochondria-
encoded 12S ribosomal RNAS-2j

WO02021/154763 UGAUAAUAGGCUGGAGCCUCGGUGGCCuaGCUUCUUGCCCCUUGGGCCUCCCCCCAG
2oLy W02021/159130, M€ 4 CCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUGAGUGG
LI F =Y [ GCGGC (aw)
ot =241 72 (Center, cc-complex-binding portion of the 3'UTR of an a-globin gene)
&= PSMB3 =24
Fo{w | WO2021/156267

GCCCGaTGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCG
(83t 2¢Ol 2 2Y! UTR, muag)
(WO02013/1437002| M EH=Z 1393, muag; WO2012089225 12! 3-5)

*ARE(AU rich element, mRNA destabilizing); miRNA binding site & 112{

T7 .
' ATjo|3 CHeHE '
promoter 5'UTR Sig.Seq mto|3 S 3'UTR Poly(A)
|
A30 L A70 (30 adenosine - linker(10 nt, GCAUAUGACU) - 70 adenosine) W02016/005004, WO2021/213924
§|‘0|Il‘/ dadada dadadadada adadadadaad dadagcauau gacuaadadaa aaadadaddaad adadddddad dadadadada aadadaadaaa

o] 2 oHe

daadaaaaaa aaaaaaaaaa aaaa

Poly (A) tail WO 2020/150152, W02016005324(US10,717,982), W02016/005004

2oy
(2e71e)

WO02021/159130, 154763 100 nt, up to 400 nt

(poly (A) tail o[) US 10,702,600 : [0350], 16 SEQ ID NO: 53,83 S § &%

Fofy

WO 2021/156267, WO2016/180430, WO2016/097065, WO2018104538, W02012/019780 S
A64-N5-C30-hSL-N5* or hSL-A100, hSL M2 178, 1798 M
*N=non-A; C=cytosine, hSL(histone stem loop)

<223> histone stem—loop (histoneSL,hSL)

<400>
caaaggetct tttcagagec acca

<223> histone stem—loop (histoneSL,hSL) mRNA

<400> 179
caaaggcucu uuucagagec acca

178

mANA

2td X BFVT/5-Capping]l 83

o (HPY4LH NI-HETETE ‘ﬂ(l—methyl pseudouridine) ¥ EE L

011:1
=T

* W02012/045075(
R ENE

ekl
]-:'?'LHOH/H "iﬂo% }~}\1:r

3h2X); W02013/052523 (KR10-2014061)

=98 d #Hd UPENN 943539

(@)
o1

==

T=89 7

gholdld d8
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mRNA 2 534 BHix ee
[ B8 SHah oAl ]
In Vitro Transcription(IVT)0j|A] HHJ@ aHAF O| 85}H,
mRNA ZtA|0f| Ojgt HAHIZ2 Zf4ot THHZE A2 S7t
oY (UPenn S3)) B A | (ROILE S3)) Y s
o] 0 o]
H,C
EJ‘LaNH HN%NH ’ \Nf%NH
8 ‘i& S5t U
HO & N" “o HO 5 o) HO & o
OH OH OH OH OH OH
Uridine Pseudouridine N1-Methylpseudouridine
HEE WA AL
CHH A od H| g 1 2.79 6.46
IFN-y 1 0.65
TNF-a 1 140
(W02013/052523, H#27, 28 & xX)
[ /n vitro transcription, B1g @&t O|§ &P FQ2 EY| (1) ]
TIHHZ S0l TE WE
WO02007/024708 | UPENN [ Pseudouridineg 0|-85}0f RNAO| Cjigt HHEISS Zk4A |7
HSSHALS 0|25 = MAFS B3 HASHH AlEIT A A ZSF ChaH
¢N02011/071931 UPENN ; <z”-—_| I_OEO ;l OOE IVTE RNAE OLL T O -Ilol-o:' II:I LLHO” 1 H H "7
A HAZS Qs A8
N1-methylpseudouridine2 O|25}0{ RNAO|| CHSt HAHLS S ZtAA|7|1 HUHE
C
WO02012/045075 | 2HS | 514121 (N1-methyl-pseudouridine AFS AlA[o], E3)
P N1-methylpseudouridineS O|2510{ RNAO|| i3t HAHLE S Zr4AA|7| 1 HH S
= o - Lo = o 2=
NO2013/052523 | 2EM | 251412y 2t wig stArs CHEZ A S, N1-methyl-pseudouridine AFg(H28 £)
EP 3590949 A1 BELE | NT-methylpseudouridine ZE3F RNAZLH S, H3, 122B)
- HYAHLLS 083510 A|F L mRNA B : RNAO CHSH HAEtS ZEA(UPENN 20074 S XS 743 E)
- RCLQt HIO| M E/SHO| Xt BHAIO A AL El N1-methylpseudouridine S 213 34t O] 8 A| RNAO| CH
oF HHLE ZtA St CHEA JS20f 2H5H0i A= 2012-2013EH S7HE ZELE SH3HSE & &

(WO02007/024708) Claim 1. A messenger RNA comprising a pseudouridine residue.

(W02013/052523, KR102014061)
HI% 1. SHots B2 WEIO| E5 YBEGHE HalE BERBQEO|ERN, 47| )
7t (@) nfel AEE &2

2= TTa
1-HEA 222 HO|L, 71N, 47| He|EH S5 R3E0Es ¢
= CfOf| ofs 100 21po| THA:AO|EFQI (P:C) H| S A Zofd, 7|, 47| P:C
#EREPV)S Egsts &43d= 2230 E0|EY PCHENL & 52, HE

A

C L OF

_15_

H 2R3 REOIE



T2 mRNA ¥ 9]

[ /n vifro transcription,

W Fa SSPA, A4D BY A% 2L dolis AP ¥4
My SAL O] B FQ J|& ]

as YL U
(IVTEE Z31)
Uridine-> Nature 592:283-289 (2021): BNT162b2, G5 At
g}o| &t/ T7 RNA N1-methylpseudouridine : T7 RNA polymerase + cap1 analogue ((m,7-30)Gppp(mZ2-)ApG)
HIO| QOHE!l | polymerase TriLink(Cat No. N-1081), (TriLink) + N1-methylpseudouridine-5"-triphosphate (m1¥TP)
Thermo Fisher Scientific. (Thermo Fisher Scientific), W02021/213924, 213945 &
magnetic particle2 A2 RNA A %
T7 RNA Uridine-> ~
Polymerase '\111_me:]h{lpsezdou-r;qine (IVT&&4 231) Nature 586.567-571 (2020)
- t
T3RNA (1-methylpseudouridine) (IVTZHE £3{) W02012/135805, W02013/151663
Polymerase
2EUY | (g4 ma) s 1. DNA Template(5'UTR-Sig-S protein-3'UTR-poly(A))
W02008078180 W02013/151663 2. ﬁ'tt(pseudourldl_ne's), T7 RNA polymerase
(in-vitro transcription)
US8,101,385 W02013/052523 3. oligo-dT affinity Z @ £2|% A
US2010/0120024 (pseudouridine+5-methyl 4,-200C Y=
US2007/0117112 cytidine AF20])
TEEE R
ER TZIR:’;ase pseudouridine W02021/156267
poly N1-methylpseudouridine
U.PENN WO02007/024708 mRNA comprising a pseudouridine residue.

o (5-Capping) 3}o]&+ M2le] 7% Trilink CleanCap® A% AFE-3H
o] 9, B MAlel] A 5'-Capping 712 B4 F70E S5
EEORE A%e| Hofsly] s

[ 5°—Capping & F2 J|& ]
Cap F /3| A 2
SR/ | cap1 1z TriLink's (Capping 2% £ -IVT 2 SA|0f| £3)
HHO| 2 HEY ((nf 13- CleanCap® Nature 592:283-289 (2021): BNT162b2, &2 4t
W02021/ 2 . (CatNo.N-7413) [W02021/213924 (Capping is performed co-transcriptionally usinga
9)Gppp(m?2~0)ApG)
213924 5 pppim P A2 Q2 trinucleotide cap 1 analogue ((m,7'3"- 0)Gppp(MZ2-0)ApG; TriLink).
Vaccinia (Capping &3 23)
capping enzyme f| Nature 586:567-571(2020)
Cap1 2 Vaccinia 2’0~ | Transcription — 5’ capping(mRNA, Cap 1 structure, vaccinia capping enzyme
, , methyltrans- (New England Biolabs), Vaccinia 2 O-methyltransferase (New England
Znn;;ﬁ(pS JPPp(5INI | ferase Biolabs) — oligo-dT affinity A& 22| X% —-20C YE =22
264 - VT EA 2= FR |- VT30 4£SH=FL
(Cap 8 £9)
WO02013/151663 5'Cap analog A}& Vaccinia Virus Capping Enzyme & 2'-0
W02017/066781, ? 3'-0-m7G(5")ppp(5)G (the ARCA | methyl-transferaseE At-&5t0
782,789,791,793,7 cap): G(5)ppp(5)A: G(5)ppp(57)G: | m7G(5')ppp(5)G-2'-0-methyl 44 g
97 m7G(5)ppp(5)A; m7G(5)ppp(5')G | (E& 100%, A|7F Z 3, 1H| & HHS B &)
(New England Biolabs)
Fojuy Capl 12 W0_2_U17_/053297 m7G(5)ppp(5')(2'0MeA)pG or m7G(5’)ppp(5)(2'OMeG)pG. A preferred cap'
W02021/ | m7GpppG or 3-0-Me- &828%/075827 analogue that may suitably be used in manufacturing the coding RNA of the
156267 m7G(5)ppp(5)G) invention is m7G(5’)ppp(5’)(2’0MeA)pG.(W02021/1 56267)

(Arcturus) &
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3| mMANA EciZM 23

o mRNA & ABA| A Oligo-dT affinity
Sd's =¥

Cellulose ©]€& AAHE

1=]S!

mRNA W4 5324 B3 ee
= HPLC AL
F3o] SHARHA T, ol WAL

AR 7k glon, @l SolgH

- BO[2oHE/SLO| X}

HiA| S
T

* (BEHL HA 2= E5|) W02014/152031, W02014/152030, W02014/152027,
W02014/144711, W02014/144767, W02017/223176 & Ci
o BEL7E REATHASH FO|#O| US8383340 B2 S3{(HPLCYH)E 030X
FaLfeL, 1 855 KR10-11831732 2F=0A ds| Fat HE AU =2
[ IVT O|Z mRNA X &3 F2 50 ]
WO02014/152031 ohLt Oligo dT 0|8 FHMI2=, 7& )
W02014/152027 ZHU | Oligo dT 0|2 Al (uncapped RNAZ £2|, #d, 0|= £2])
WO02014/144767 BOLt AEX(Anion exchange), HPLC(O|= &5, TH 25H & o1)
WO02017/223195 DOt Oligo dT =+ hydroxyapatite Z &
W02018/111967 2HLt Rnase Il 178 ZY 0[&
W02019/036683 2oy HPLC &%+ EH|, &4 Claim 1. ZA& F2° RNA 3
WHORM, DYYORN TFY o
W02019/036685 ZOL |HPLC E¢ HH|, 4 '3 0242 ARAIL HPLC EL
QL Aot oh3 J2OLE]
©W02017/182524 | 0|2 | Cellulose OI8 HA, WO2021/213924 ) <>11|94r'=n AR ey ;,WE“E:
5 T4 AAS OBy HULE 222
W02014/160243 UPENN | HPLC BX| 8 (0|3 S5, gradient 8H%) //1 oo - o B
W02008/077592 0] HPLC X 28 (US 8383340)
- AEEL mRNA B8A| dsRNA & 22 HAH-> CHHE 2s] STt

—

s =

HZZ CfAF M A IVT cellulose2 dsRNA K 7Hst =2 Q2.
0|85t 22| FHlst =& AUS

- EOL} #A2 Oligo dTE ol
= = = ol =
[ MRNA B2|%H 2 =0 =0 L 29 (1) )
A= a
Cellulose ] F‘!’Tﬂ' t}?—;g‘-’i)
Chromatography . Cellulose
WO 2017/182524 | Immunity (2020) 53: 724-732.e7. H &5 L&

3to|xl/
HRo| @ el

WO 2021/213924
WO 2021/213945
WO 2021/214204

Magnetic partides
WO 2021/213924
WO 2021/213945

HEH Ol mTW-5"-triphosphate (TriLink #N-1081)S = AFE 310! mRNA &8 — cap1
analog(CIeanCap TriLink #N-7413)2 AFE510{ 5 Capplng — Cellulose Z T & (Sigma-Aldrich #
11363-250G) 2 AH83t0] mRNA —~ —20°C 'S H#, W02021/214204

2. Cellulose Z& % HPLC

WO 2017/182524
Molecular Therapy: Nucleic Acids Vol. 15 (2019) https://doi.org/10.1016/j.0mtn.2019.02.018.
Nucleic Acids Research (2011) 39: e142 (Kariko et al)
(HPLC purification of RNA, RNA isolation from column fractions)
Methods Mol. Biol. 969:43-54 (protocol 7| &)
3. Magnetic particles 22| H|
A xt=

Nature (2021) 592:283-289 BNT162b2, @ZH= Cj At
Appl Microbiol Biotechnol (2006) 73:495-504 1121, &

25 ¥=
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WO02014/152030 DNA template K| 72}

@ DNase |, DNase | resin

@ DNA template| EA|(HIO|2El & chemical label/Tag, ¥ 3t 0|8 FX| 7ts)

* LabellT® Tracker™Intracellular Nucleic Acid Localization Kit (Minis Bio, LLC), PHOTOPROBE® (Vector
Laboratories, Inc) S

OligodT
.y affinity W02014/152031 Oligo dT sepharose resin, & A|0f|5 &1

2Eu purification | In vitro transcription -> Oligo dT purification (DNA template 225 X A)
W02014/152027 Oligo dT chromatography2 DNA H| 71
(B 23
Nature 586:567-571(2020)
Transcription — 5' capping— oligo-dT affinity Z& 228 H —» -20°C 4522

HPLC WO02019/036683, WO2019/036685
ol HPLC WO02008/077592 (WO2021/156267 7| Xl)

4 | mRNA-XIZU=2XHINP) HIZE 83

- Zlo|x} WAlo] ALEE oFo]&4 A&l ALC-0315 ¥ ALC-01599]
A ESFQ olFEl: EF o
Esl= 1714 ESA1AH H o
* \WW02017/049245 (St=2X); **x =X
(OFFEA)2 ZUO|| AMAPY RS AFEjO| 22 S2HQj0f TSt 24201 DLEY LQ

[ MRNA-LNP &3 F2 06| & E™ (1) ]

Wo2009127060 | ol | ey | us cosaney
WO02017/049245 DLt Cationic lipid(SM-102), PEG-Lipid Zt&

€ W02018/170306 DLt SM-102 Zgt M & (50:10:38.5:1.5)
"1"5042706231’/1‘?3328' DL 47~51:11.5~9.5:38.5:3~ 1(HI 2t XI5 H|S 2 7| X})
WO02017/075531 = ES Cationic lipid Z+&(ALC-0315) § (E329| 3), WO2016/176330
W02015/199952 OF | EfA lipid 22 ALC-0159
W02018/081480 OF | Bt LNP H|H, Cationic lipid7} 40-50 mol%, (47.5:10:40.8:1.7 &).
WO02018/078053 | OrF|EtA, FO{8 | ALC-0159, ALC-0315 5 LNP M|&(50:10:38.5:1.5 or 47.5:10:40.8:1.7 5)
WO02021/156267 Foju ALC-0315:DSPC:Chol:ALC-0159=47.4:10:40.9:1.7 (EA)
WO02021/213924 HFO|  QHEdl ALC-0315:DSPC:Chol:ALC-0159=47.5:10:40.7:1.8

- KELH-YRHUNP*2 2t J2 (53] &0|2d X, PEG-AI ), ZEH| Q; 0|0f M2} #H S ety
- ROouU=E DR Fol2d XA 0|8,
- HiO|2QHE/StO[X}, FO{2 OFF|EfA2| 0|29 X| it PEG X[ ALE
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[ MRNA-LNP &3 F2 56| & ¥ (1) ]

(MRNA-LNP H| = & 28)

1. Immunity (2020) 53: 724-732.e7 O+ A Cj &

Cellulose ZEH 22| ™M E miw(HHMHLHE T2tk RNAL} Of EH2 X|E =8 (jonizable cationic lipid
+ phosphatidylcholine + cholesterol and polyethylene glycol-lipid) 2 4t pHO| A 2 =2 =gt
BNT162b2 2. Nature (2021) 595: 572-577

mRNAS} X| & =8HH(ALC-0315, ALC-0159, DSPC and cholesterol ; sucrose, NaCl, KCI, Na,HPO,and
KH,PO,)2 =250 RNA-LNP A| X, 8Ll o 2 XYoot £ —80 °COf|A| E2t

N 3.W02021/213924 5
30| Xt/ ALC-0315:DSPC:Cholesterol: ALC-0159=47.5:10:40.7:1.8

H OH Edl

tol2 A=y ALC-0315 (CAS No. 2036272-55-4; lonizable lipid, WO2016/176330 (O}? Et2), WO2017/075531
Mz (Ot Et2, formula 111-3) DSPC (CAS No. 816-94-4), Cholesterol (CAS No. 57-88-5),
ALC-0159 (CAS. No. 1849616-42-7; PEG-lipid, WO2015/199952 (O} Ef2))

(MRNA-LNP H| = 2+ 23)
Molecular therapy: the journal of the American Society of Gene Therapy (2013) 21: 1570-1578;
doi:10.1038/mt.2013.124

SA7|E
tols LNP =7 : ionizable lipid L319, distearoylphosphatidylcholine (DSPC), cholesterol and PEG-DMG at a
molar ratio of 55:10:32.5:2.5 (L319:DSPC:cholesterol:PEG-DMG)
(&= |AL bioRxiv. 2020 doi: 10.1101/2020.09.08.280818. (BNT162b2 E&&F A&a) #EH
ALC-0315:DSPC:Chol:ALC-0159 = 50:10:38.5:1.5 or 47.5:10:40.8:1.7 or 47.4:10:40.9:1.7
oI CVnCoV' | w0 2021/156267)
(W02021/159130, 154763, 159040)
ionizable lipid:DSPC:cholesterol:PEGlipid=47~51:11.5~9.5:38.5:3~1
(MRNA-LNP X = 2 Z9)
Mol. Ther. Nucleic Acids (2019) 15: 1-11
2o ana. | onizablelipid DSPC chalesterolPEGIpid 5010335159 I 82 E120f 8|
W02021/ mLNP " | B:mRNAZS Z &3t A 24550 mM sodium citrate (pH 4.0) E=
159130 25 mM sodium acetate (pH 5.0)
154763, -> A% B 84S 251 (lipidsmRNA)©| | £ 2 microfluidic mixers At830] 2t
159040 -> PBS (pH 7.2) or 20 mM Tris (pH 7.4) with 8% sucrose Z& 40| A & X(dialysis)
-> &% (Amicon, ultra-centrifugal filters)
-> ZE (022 um)
-> B3 (4°C (PBS) or —20°C (20 mM Tris-8% sucrose))
iz LNP 74 2& : ionizable lipid (SM-102 : CAS N0.2089251-47-6 : W0O2017/049245), DSPC (CAS No.
816-94-4), cholesterol (CAS No. 57-88-5), PEG lipid (PEG2000-DMG: CAS No. 160743-62-4)

* The lipid mixture was combined with an acidification buffer of 50 mM sodium citrate (pH 4.0) or 25 mM sodium
acetate (pH 5.0) containing mRNA at a volume ratio of 3:1 (aqueous.ethanol) using a microfluidic mixer (Precision
Nanosystems, Vancouver, BC, Canada).

[ MRNA-LNP &3 F2 8= 297 ]
0|23} QFo| 24 2| & PEG-Z| ! DSPC, Cholesterol (Z-&)
iI'OI xI‘/ V\mSOWNWOH NW((’\/OI\/\O/ /\/\/\/\/\/\/\/\)OL i
o] 2 oHEy o ALK
\/\/\/\/\/\/\/\/Y
ol e ’
}_ o
4 ALC-0315 ALC-0159 DSPC
EE1 |_|. \/\/\/\/\/\O)KAH /\/\/\/\/\/\io/\(\o{’\/oko’
DOSOB PPN 2w e
SM-102 PEG-DMG Cholesterol
W02018/081480 (OF EfA) WO 2015/199952 (Ot Et£), WO 2017/75531 (O ErA), W02016/176330 (OFH EtA),
= £33 | W02017/049245 (25 L), WO 2009/127060 (OF5-E{ &), W02012/000104 (Ot E{ &),
WO02021/159130, 154763, 159040 (2 CjLt) W02021/156267 (3018H)W02021/213924 5(HFO| 2HE)
A 7|= | mRNA-LNP &2 : (W0 2012/135805 4 A| 0]|9 Sephadex G-25), (WO 2013/151663 A A| 0| 10 dialysis)
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o (&AWY #H 53) =AWIYF EAT olHrE & 53 US8058,0609 B2
ghol] E5]414 22 2102 Yehd

Z| R LFE 91 2f
SO 22 Mg 2

OFHE{A US8,058,069 B22| Z/JH]

YOI 4RI B AL B2 AE| & PEGR| Y
50:10:38.5:1.5
50-65:4-10:30-40:0.5-2
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(EP 3492109) Claim 1. An isolated polynucleotide encoding a polypeptide of interest, said isolated
polynucleotide comprising:

(@) a sequence of n number of linked nucleosides or nucleotides comprising at least one modified
nucleoside or nucleotide as compared to the chemical structure of an A, G, U or C nucleoside or
nucleotide, (b) a 5' UTR, (c) a 3' UTR, and (d) at least one 5' cap structure,

wherein the at least one modified nucleoside or nucleotide comprises 1-methylpseudouridine, and is
not pseudouridine or 5-methyl-cytidine; wherein the polynucleotide exhibits a reduced cellular innate
immune response when introduced into a population of cells, as compared to the cellular innate
immune induced by a corresponding unmodified nucleic acid; wherein the polynucleotide has a
Protein:Cytokine ratio of greater than 100; and wherein the Protein :Cytokine ratio is the ratio of the
amount of encoded polypeptide produced in a cell, tissue or organism to the amount of one or more
cytokines whose expression is triggered in the cell, tissue or organism as a result of administration or
contact with the polynucleotide.

(US 8058069) Claim 1. 1. A nucleic acid-lipid particle comprising:

(@) a nucleic acid; (b) a cationic lipid comprising from 50 mol % to 65 mol % of the total lipid present
in the particle; (c) a non-cationic lipid comprising a mixture of a phospholipid and cholesterol or a
derivative thereof, wherein the phospholipid comprises from 4 mol % to 10 mol % of the total lipid
present in the particle and the cholesterol or derivative thereof comprises from 30 mol % to 40 mol %
of the total lipid present in the particle; and (d) a conjugated lipid that inhibits aggregation of particles
comprising from 0.5 mol % to 2 mol % of the total lipid present in the particle.
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WO02018/081318 Claim 1.

An immunogen, comprising: a recombinant coronavirus S ectodomain trimer comprising protomers
comprising one or two proline substitutions at or near a junction between a heptad repeat 1 (HRI)
and a central helix that stabilize the S ectodomain trimer in a prefusion conformation.
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(W02007/024708) Claim 1. A messenger RNA comprising a pseudouridine residue.
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WO 2018/081480 Claim 1. A lipid nanoparticle comprising: i) between 40 and 50 mol percent of a
cationic lipid; ii) a neutral lipid; iii) a steroid; iv) a polymer conjugated lipid; and v) a therapeutic agent, or
a pharmaceutically acceptable salt thereof, encapsulated within or associated with the lipid nanoparticle.
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GBP510 , , ,
L ASO3 O ('21.1.26.) O ('21.1.26.) 0 ('21.8.10.)
T2y st (DNABEAD GLS-5310 O ('20.12.4)) O ('20.12.4.) -
AdCLD-CoV19 '20.12.4. '20.12.4. -
MBI (HO|B|ATITHA| WAl > O ) O )
AdCLD-CoV19/19-1 O ('21.7.23) - -
FHIO|QZAA (ehdat@l Al L A8k 19 O (21.1.21) O ('21.1.21) -
ZLE| A HH Al
FEFEIS (MRNASL) QTP104 O ('21.7.19) ; i
HK O| =l (ghdat@d A IN-BO09ZF O (21.7.22) - .
OFO| &l (mRNA Bl Al EG-COVID O ('21.8.31)) O ('21.8.31) -
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SARS-CoV-1 MERS 41 e
SARS-CoV-1 ‘&M WAl OIAF AF MERS ‘24 OIAHAF  SARS-CoV-2 sigg?c;\?-z
\ 4 24 A 713

ArESe

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

[ |
[ |
[ |
A A A OH ] 4 mRNA H=E mRNA
mRNA L& AS QF WAl QIAF Al QF Al QIAMZ M} Hig QF HHAL QA FHA|
a- ™~
III““‘ m
a | |
WHO aunnt®® =
SARS-CoV-2 SARS-CoV-2 -
A‘I%-E_Aﬂ-l ““I ﬁ%%ﬂ?_‘l -
) [ ]
-"‘“ -
L [ |
[ |

2020 = = = = =| 2 838 9E 10 11 128

20204 %
SARS-CoV-2

SARS-CoV-2 DCiL  HjO|OoHH|  Hio|QOHE| mC{L} HO| 2 HEY, S L}
mRNA 21 7} UMY UMY U At2/34 o

e

Clin Cancer Res 2021, 27:2136 &=
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SARS-CoV-1
A1 QJAH A

\4
2007

\4

2005

MERS 441
ALY

\4

T
0

Al

F
Acl-,l

MERS SARS-CoV-2

2015 2017

SARS HIO|2{A +=8X AL,
2 ohd3el Ano|3 THHE i

43 gl

/)

2020.12. H}0|s'>_<.>ﬂEil, 2Lt
SARS-CoV-2 mRNA-LNP
HH A ZIZ AL

b
=

220|
oo L

n:l_ll"lltfl\jA 2017 2019
HEAS S| M 17t 4 mRNA Ho| 2 el SrE B E{LHQ2016)
MRNA Ubi Al 8] OF HHA| OlAF A|E/ mRNA 24 Azl e/ HFO| @ QHEHl (2018)
EHESHAL 0|8 mRNA CHEF B C{LE, mRNA @ B A Q1AF 7 A LNP 20| M A
Riojuts 2a wy —

2013 2015 2017 2019

M2 axtolg &0|=4 SET-INEX | JHME 0|2 INEX->Tekmira->Arbutus(2015)
SHAF HME(INEX A & 7 ) (‘,‘Tﬁ’ﬂ = X|& 712 MC3) Acuitas(Arbutus Z5E| 2H0|MA,2013)
ol 1=(2006) Genevant(2 X8| A} HE,2018)
RNAi 27 QZHYZolM  _ RNA MY oHHs 7 = 2P, siRNA 2E, siRNA-LNP(MC3)
siRNA &4 ) " QIAFA|E THA| FDA 5¢2/(2018)
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Q}O| X}/H}O] 2 OHEl
Comirnaty (tozinameran) Spikevax, CX-024414, TAK-919
BNT-162b2 MmRNA-1273

ALC-0315/DSPC/Cholesterol/ALC-0159 SM-102/DSPC/Cholesterol/PEG-DMG

164 O] &, 12-15M|(B] =, 78, et= 5) 18A| O] 4; 12A] O] (7 &, 7H4H)

T -dy

3% 744, 23] 4% 7t7, 23|
95% 94.1%
90-95% 83% L= AW ES
62% 62-7T7% (LA 1/62. =2 ZH4)
88% (B = 2 1t) 64-96%(NJEM) 05%(13] EO{A] Ei AIBIA 2T
40%(0] 221, T Z 50|42 91%) 72-95% (18] FOIA| fE= HEH 21 NJEM)

o

2-8& 5¢ Hi - QI 7} H I} G7HSY ZF7| -
QEA|-70 £;-15-255 2% B It FrO% 0SB oG 20%, B 0%

—

SK Hf0| 2AfO|A1A R 5 EIE GC 5417t 85 44 HO| 2 2 YA Q)

[ = <)

2,012, EU, 3H2, WHO £ &9 0|2, EU, HHLiCh ¥ 2, 3H2, WHO 5 29

© O L

. WO 2021/159130 ('21.8.12), WO 2021/159040
WO 2021/213924, 213945('21.10.28.) ('21.8.12.)WO 2021/154763 ('21.8. 5)
N O §30] | £E| SOk DL LE= COVID-19 2+
SUANRASMEST | S5 g YAleh 98 auAl Btol A oy
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® 0 =2 mRNA

No| BHY £ SR, MY 2

2to[MA

ret
U
AL
o

Ad=LH19 mRNA

0| 2(72%) > 2 (65%) > 7| LICH43%) > & 3 (39%) > Y £ (37%) > S 2(30%) > = HO}A| 0}(24%) > £ S 21 (18%) > LHO}H|
2| 7H18%) > 3+ (17%) > 2} A| OH(13%) > O] A 2}l (11%) > O} Z 2| 7H3%) > S E(0%) =

_sazomsa

—~|1 0 . u] e = g /|
O XA} @ mRNA & Sl B © mrRNA 225X @ mRNA-LNP O Mzt 33
& 0| %| Traslate , . ]
- M 2oLt (Bi)lgtz}ch) Fofu TraBsiI:te Acuitas Arbutus Acturus Alnylam Glaxosmith E-|A§|O} HH Equ‘(Biio}lgltZt:h) Fofuy Traslate Acuitas Arbutus Acturus Alnylam Glaxosmith . pabs| E_E‘ILP (Bﬁ)}NIterch) Fojul raBsi: € Acuitas Arbutus Acturus Alnylam Glaxosmith
134 14 o0 1 13 128 11 0 1 10 13d 17 4 11
23d 14 5! 1 2 4 22d 8 3] 0 1 3] 233 19 5 1 2 4
33 7 0 1 1 3 33 2 0 1 0 1 33 5 0 1 0 2
4349 72 8 5! 0 10 6 8 2 5! 10 438 24 4 0 0 2 3 0 3 7 43" 94 14 7 0 8 9 13 2 8 10
52X 22 0 5 9 528 12 0 3 8 588 22 0 5 9
3}0| x| o Traslate
A BOLt (BioNte Fojuy Acuitas Arbutus Acturus Alnylam Glaxosmith
138 23 2 14
239" 21 5 2
338 9 0 1
30| Xt " Traslate 437 102 15 0 13 10 13 2 10 10
_ Y =G L}(BioNtech) Fojuy Acuitas Arbutus Acturus Alnylam Glaxosmith 528 26 0 10
128 43 12 4 20 < ]
22d 41 14 1 10 ! (=] 3|
3:_2_,5; 16 7 1 2 2 U | = A 2Lt (Bis?glfl)ltzth) Foju Traslate Acuitas Arbutus Acturus Alnylam Glaxosmith
43% 116 20 = = L 12 13 4 9 10 ., A 2oyt (Bﬁz@cn ofuy TraslalE Acuitas Arbutus Acturus Alnylam Glaxosmith 13% 42 14 4 18
5Z% 46 3 7 21 5] N 1 n 22% 43 17 1 3 4
o
(=] f_i_-l 229 8 1 1 5 1 32’5;. 23 11 1 3 6
T Sto|xt Traslate 329 5 o 1 1 3 437 131 20 8 0 13 15 15 6 14 10
My L HY ! i - S b o
i 2 r(BloNtech) Fofud Bio Acuitas Arbutus Acturus Alnylam Glaxosmith 129 28 2 3 o 3 4 P 5 0 583%™ 45 3 6 19
128 4 0 1 8 52" 12 0 4 6
23" 8 3 1 2 2
328 5 0 1 0 4 <
43" 29 2 2 0 3] 6 5! 2 5! 0
528 5 0 3 0 <
= <
S ot o}
<+ T_ (&b
t 2= =
=2 HAy 2o (Biio}l\elt:t:h) Fofuy Traslate Acuitas Arbutus Acturus Alnylam Glaxosmith - ‘g’
Mitm=
ol_]IEI;I_ gt s Ql-ﬂ'||E|?}
—— 128 20 2 3 13
228 11 3! 2! 3! il
< 328 2 o0 1 0 1
43% 52 6 6 0 7 2 6 1 6 9
52X 15 0 4 9 _.|-0|_D“a| ?l_
=
' HAR 30| X} .
- - Traslate Glaxosmit
zF 0| X| Traslate BHald HH 2L} (BioNtech L] Acuitas Arbutus Acturus Alnylam
OrZ2|7} HA| 2Lt (Biio}ﬁlt?ch) Frofuy Traslate Acuitas Arbutus Acturus Alnylam Glaxosmith %‘rQTE!_E A 2ot (&%}Nlterch)ﬁoiu“ Bio  Acuitas Arbutus Acturus Alnylam Glaxosmith %rﬁl I 2L ( ) ol y! h
128 1 o0 1 0 128 21 2 4 13 128 12 0 1 11
228 4 2 0 0 1 23%d 19 4 2 3 23d 12 4 1 2 3
32 1 0 1 0 0 32 9 0 1 1 =1 338 3 0 1 0 1
428 4 1 1 0 0 0 1 0 0 0 42" 92 14 7 0 8 10 2 10 9 = 42" 37 5 4 0 6 1 2 0 5 10
5% 0 0 0 0 524 24 0 6 7 524 11 0 4 6
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O &A% X3} @ mRNA

2IgdEF

(E3|mUa)

3%  16%  10% 9% 4% 3% 3% 3% 2% 2% 1%
B o5 99%  99% 100% 100%  100% 100%  100%  92%  91%  75%
18% 7% 27% 13% 8% 14%  17% 0% 17%  18%  25%
BEEE ¢ s 6% 72% 88%  76%  79%  100%  83%  82%  50%
63%  83%  51% 78% 84%  62%  63%  72%  67%  64%  50%

26%  31%  27% 70% 60%  43%  63%  61%  33%  55%  50%

14%  37%  31% 47% 48%  29%  33%  44%  17%  36% 0%

14%  36%  16% 53% 40%  10%  29%  50% 8%  18%  25%

1%  31%  16% 28% 56% 5%  33%  28% 0%  27%  50%

9%  26%  13% 20% 28% 5%  13%  22% 0% 0% 0%

3% 1% 1% 13% 0% 0% 4% 6% 0% 0% 0%

7% 7% 16% 27% 0% 29%  21%  28%  17% 9% 0%

0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

21% 3% 49% 75% 40%  38%  S0%  72%  25%  55%  50%

30%  42%  51% 75% 60%  48%  63%  72%  25%  55%  50%

OFHI=! 7 9%  29%  18% 42% 48% 5%  17%  39% 0%  18% 0%

(HA|R, 22HH)

3l B, @ mRNA 22| |, @ mRNA-X| L 2IXHLNP) @ MEs &7

Translate $}O| X} .
HH
DLt (HI'OI_‘Z?l'E—*I) Alnylam VICAL | UBC | Cellscript| TRILINK
211 108 67 60 25 21 24 18 12 11 4 4 2 1 1
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, & mRNA &
T'_‘E|I-|%”
SH, @
» @ MRNA-
(5 Wik
:I_l_
o o

o
=
7|(%J'E¢ Az
g K
DL} 122 ﬁol;,a W
" 16 mTE O (WO
30| X} 329 (only)| &=
101 ! 8% 100%  13% =
S 21 4o 100% 09 ° 2 M| wz [ 5
. 22 2% 1009 — 1 EE =
StO[ X} 419 % 09 3 1009 % 139 SEHot &+
2 1% 10 7 2% 0% 1009 % 0% sad ppe
014 4% 0%  23% 52% IR 0% 100% % 13% t=E|
B CLt 12 229 100% ) 7 95% 529 235 759 i 9 di i
s 12 2% 10 0% 7% 649 % 629 5% 759 0% 09 A
5 3% 1009 7% 0% 500 % 239 2% 529 5% 2 0% CA |o
Fofe % 0% 8% 17% YL % 50% 3% 14% 2%  48% fo 25 0%  13% EE
QL 3 100% 6t 83% 179 50% 1 9% 2 0% 2 0% 6 13%
— t 31 11% 1 50% 92% 589 7% 179 00% 14% 14% 100% 0%
<HOIxt 16% 00% 0% 50% REZ 8% 0% 7% 25% 50% 0% 9%  14% 0%  62% 100%  25%
=04 9 5(y° 97% 26;’/ 33% 100; 50%  50% 0% Ocy° 17% 80/" 0% 500/" 0% 180° 67% 5200
oL 1 o — T o — T — T — T R 0% 1001; 23% 18;’
. (] (o) (o] o (] o (] (o) (o]
S}o| R} 3 69 100% 1 33% 65% 33% 0% 0% 0% 100%
% 009 899 45% 0% 509 09 259 5
Fofd 0 2 e 00//0 of % 78 2% 1o =l of - 50/00/ 0% oi//o 17% 13/
oEL 21 o] v B 0% 09 < | U ol = s { 0% 6 0% 6 0% -
= f 5 41%  95% 279 T 100% 100% 0% = 67%  33% 13% 3% 0% 0% 50%  50% 0%
Xl_ 299 (o] 0% ) 559 (o} 0% (o] 0% (o} 0% (o] 69 (o} 3 (o} 5
=0fu 0 %  100% o %  64% 4 0 0% o 0% o 11% % 0% 3%  33% 0%
2l o 0% 0% 920% 1 5% 0% 0% 22% 45% 0%
2L 0% % 0% 0% pauw Oe) 4. Ao | B % 0% e 0% 0% 78 48% 169
Solxt s o o W o T T T ——— — o
= o 32 6 94% - o O 6 0% 6 43% o 0% 6 0% o A’
4 5 11% 1 18% 0% . 0% 50% 38% 27% 0% 0%
0 00% 10% 0% 0% 0% 0% 0% 0%
17% 1 w 3 74% 0% 0% 0% 0% 55% 0%
00% 1 34% IV 60% 269 0% - 0% . 0% 0% 559%
22% kY % 759 % 149 % 09 0% o 0% 48%
% 749 % 479 % 09 % o 0% 0% 29%
% 249 % 509 o, 1 0% 0% 0%
% % 0% 0% 0% 0%
30% 28% 3% 0% 0%
(] 28Cy (o] 22Cy (e} 80/ (o] 00 (o} Oo
(o} 220 (o] 1 o o 1) A) 0, /O
% 18% 6%  25% 0% 30% 0% 0%
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(o] 24%
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MRNA B2 538 12

ol 2 mRNAG| C{ &t mRNAZS| ALY
at Houtg I8 oPHE Mg
3%
(,/ )
v l\'\? |
TZDH RNA polymerase LNP
5S'UTR RNA oAt =8, X8|
Signal sequence 2P QEE & K| = ek
& e IS RS,
7% A A3t 1Y 55
3'UTR 2t g4
Poly A tall
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®o T8 mRNA WAe FRW Fa SR, AW B4 AF L dolds A% B

q 5'UTR | Sig.Seq ATHO| 3 THEE A 3'UTR | Poly(A)

(UTR: untranslated region, Sig. Seq:AlSA Y, mRNAQ] uridine N1-methylpseudouridine2 2 x|Z})

( 2F111 ) Assemblies of putative SARS-CoV2-spike-encoding mRNA sequences for vaccines BNT-
= 162b2 and mRNA-1273.

##version 0.21Beta 04/14/21: (updates intended to (i) clarify the clinical and research importance of sequence information and
strand topology measurements, and (ii) clarify that the mRNA sequence is not a recipe to produce vaccine)##

Dae-Eun Jeong, Matthew McCoy, Karen Artiles, Orkan Ilbay, Andrew Fire*, Kari Nadeau, Helen Park,
Brooke Betts, Scott Boyd, Ramona Hoh, and Massa Shoura®

Departments of Pathology, Genetics, Pediatrics, and Medicine, Stanford University School of
Medicine and Veterans Affairs Palo Alto Medical Center
*Correspondence: afire@stanford.edu and/or massa86@stanford.edu

« MRNA AL 2 242 S5 XL 0fl4f 42

™= o

(RF112) 2tO|A}/HO| @QHE! HHAI CAS No 2417899-77-3 (BNT162b2, Comirnaty)

(RFA13) FOfHH WO 2021/156267 ('21.8.12, Bt S 163 &) uridine AF-& Z3t
BELt WO 2021/159130 ('21.8.12, MEH = 6 5), WO 2021/159040 ('21.8.12.)
WO 2021/154763 ('21.8. 5)
HFO| @ QHEH WO 2021/213924(MEBH = 19, 20 &), 213945, 214204(°21.10.28.)

_62_



2hY StO|A}/H}O| R QHEY
2tz ZLIHHS W02021/159130 W02021/213924
A ME MEHS 6 MEHS 19, 20
Capping /mG(5")ppp(5')NImpNp | M, 73 OGppp(m; #©)ApG
H'UTR AMEHS 2 MEHS 12
A& (sig.seq I MEHS 7 8 MAHS 7
2t) (3 AF, OFO| = AF ME) (OFO] Ak M E)
3'UTR AMEHS 4 MEHS 13
Poly(a) tail MEEH S 14
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ol o
W02018/081318 U.S. A, T ELIHO|2{ A AINO| 3 THEHZL pre-fusion QHE 3} SHEHO|
W02021/159130, 154763 = 2oLt TELF9 mRNA HiAl E5
W02015/085318 DL GC &&, H|& 3td, 5'UTR, W02018/213789
WO 2021/213924,213945 HIO| @OHE! | F2L{19 mRNA BiAl E5]
¢W02017/060314 HIO| QQHE! | 3" UTR(AES&12S RNA) A&|E, mRNA & 321 g1t
W02016/005004 HFO| QQHE! | A30-linker-A70 ;L2
W02021/156267 7O FELT19 mRNA HiA £5, HA[01, B4 EHAQ 5 =X,
W02002/098443 101 &t GC &F Z|AHSE 3 mRNA HY =21
¢W02013/143698, 143699, 143700 THOf B 5 TOP gl= 5UTR
WO02012/019780 T30 EH histone Stem-loop L&

- 5'UTR-A = MG(signal sequence)-&-3'UTR-poly (A) tail T+&*
- ST ZLiHO|{A AIO|3 EHHAS pre-fusion HENE HFYTIA|ZI S AHHO 2l
- 5'UTR, 3'UTR, poly (A) tail2 siiE7|=&0F SX|=El YoM MEH = 2PE2 M

* W01999/14346, EP1083232('99 £8!), EP726319('96 =&) UTR, ¥, poly(A) tail Z& mRNA 7|xj
— 64 —



mRNA 3HAd
ol B34
X L. O

17 —
' ; A C}HH XI '
Promoter 5'UTR Sig.Seq Anto|3 THEHE! 3'UTR Poly(A)
WO02021/213924
XXMz I& ME ZP 5'UTR aacu aguauucuuc ugguccccac agacucagag agaacccgec ace
310|Xty | ¥Ih =228 MG, MEHZ: 12
HfO| 2 (5'UTR 0f]) SEQ ID NO: 21(RNA) ggcgaacuaguauucuucugguccccacagacucagagag aacccgecac ¢
QH &4} WO 2020/150152 SEQ ID NO: 22(DNA) ggcgaactag tattcttctg gtccccacag actcagagag aacccgecac ¢
MEHD 21-24 (ZEF M E*) SEQ ID NO: 23(RNA, short) uucuucuggu ccccacagac ucagagagaa cccgecacc
M 19,40, 42(22) 5 SEQ ID NO: 24(DNA, short)) ttcttctggt ccccacagac tcagagagaa cccgecace
W02021/159130, 154763 & GGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACCCCGGCGCCGCCACC
WO02015/085318(%1) WO02021/159130 MEHS 2
BCLt (5'UTR 0] UCAAGCUUUUGGACCCUCGUACAGAAGCUAAUACGAC
US 10,702,600, US2020/0254086 (O) UCACUAUAGGGAAAUAAGAGAGAAAAGAAGAGUAAG
WO02014/164253, WO2013/151663 AAGAAAUAUAAGAGCCACJAUQUCACCGCARCGAGAC
5 0{uH vagzzggﬂig?% 143699 143700 HSD17B4 72l 5UTR &; (5" & oligo pyrimidine track® = 5'UTR)
oI} HW|E} 222 H| 5 Xt _
(Qut7]|2) Eﬂ';ﬂ FERESUTR + 23| 45 202070254086 [0122]-[0131] S &=
= O

g 2 (restriction enzyme)=2 M3 3t **xKozak sequence: 5'-(gcc)gccRccAUGG-3 (R=A or G, AUG start codon)
5
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T7 : : - . ,
TR Ig. Auo|3 THuH X TR Poly(A
promoter 5'U S g Seq I- I (L | 3'U Oy( )
I
20| Xt/ | ALHO[3 THME LY A E(1-16aa)
HHO| Qi Ell | WO2021/213924 (HIO| 2QH&) [ MFVFLVLLPLVSSQCV
DL, W02021/159130, 154763 (2 C{L})| (auguucguguuccuggugcugcugccucuggugucc agccagugugug)
o8 | W02021/156267(3-0f tH)

oLt =2
S5{0f| A
Sig seq=
Ar87ts
Sictn
7™ = o

(Sig seq. H10f)
US10,702,600
SEQ ID NO: 15-19 &

WO02013/151663
#5 Signal sequence
ss-001~060 O] [000226] & =

HulgG, signal
peptide

IgE heavy chain
epsilon -1 signal
peptide

METPAQLLFLLLLWLPDTTG

MDWTWILFLVAAATRVHS

Japanese
encephalitis PRM
signal sequence

MLGSNSGORVVFTILLLLVAPAYS

VSVg protein MKCLLYLAFLFIGVNCA
signal sequence
Japanesge MWLVELAIVTACAGAR

encephalitis JEV
signal sequence
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mRNA 4]
Y 2y

T7 , ) — ,
oromoter | 3 UTR Sig.Seq Amto|3 tHHAE 3'UTR Poly(A)
I
|
SARS-CoV-2 AI}0O| 3 ©HEE21-MN908947.3, QHD43416.1
510| 2t/ (1-16aa signal peptide) @ 5+ 2% 3t
H}O| 2 OHE o - Eqo| £0loz i Z ORI
OIZRR | (anpo 2 crm e 221 £31) o 5015081 s )
Bt WO 2018/081318(4H A}: GRAHAM, Barney, NIH-NIAID et al, & ¢!: USA, °
Dartmouth college, The Scripps RI) S5 2245 0! ObO| L AFS. T LI 5O
Sopuy | 2P mutation (K98EP/ VO87P), Prefusion 2 2 b3 5t @ ;Ec}icﬂ ir, =S il-i||§h; IS Aot
=1 - ST =
W02002/98443 (701 1H)
(G0 961 TLVKQLSSNFGAISSVLNDILSRLD AEVQIDRLITGRLQSLQTYVTQQLIRAAEIRA 1020
961 TLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQAQLIRAAEIRA 1020 S WO A EE =2 =2 2 2| &

.+ 0L W02021/159130 MEHE 7 &=

. H}IO|29HEI W02021/213924 M EHS
. F0{¥ W02021/156267 AMEHHS 10
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mRNA %4
kS

7 , , _ ,
promoter 5'UTR Sig.Seq Auto|3 THudE 3'UTR Poly(A)
|
I
W02021/213924
WO 2017/060314 cucgagcuggu acugcaugcacgcaaugcua gcugccccuu ucccguccug gguaccccga
§|.0| ZI./ 3'UTR(CAS 2417899-77-3) gucuccCcCg accucggguc ccagguaugc ucccaccucc accugcccca cucaccacceu

HFO| 2 OHEA

amino-terminal enhancer of
split(AES)2F mitochondria-
encoded 12S ribosomal RNAS-2j

cugcuaguuc cagacaccuc ccaagcacgc agcaaugcag cucaaaacgc uuagccuage
cacaccccca cgggaaacag cagugauuaa ccuuuagcaa Uaaacgaaag uuuaacuaag
Cuauacuaac cccaggguug gucaauuucg ugccagecac acccuggage uag

WO02021/154763 UGAUAAUAGGCUGGAGCCUCGGUGGCCuaGCUUCUUGCCCCUUGGGCCUCCCCCCAG
DL W02021/1591 30, A E 4 CCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUGAGUGG
oot 2 2Hl g2 GCGGC (au)
2t =24 F2l (Center, cc-complex-binding portion of the 3'UTR of an a-globin gene)
K= PSMB3 Faf
FojuH WO02021/156267

GCCCGaTGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCG
Ptz = AHO| = 2Rl UTR, muag)
(WO2013/1437002| A €= 1393, muag; WO2012089225 1 & 3-5)

*ARE(AU rich element, mRNA destabilizing); miRNA binding site & 1.2
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mRNA gHd
e 22 A
= L. O

pror-lr-17oter 5'UTR Sig.Seq Anlo|3 THEH A 3'UTR Poly(A)

A30 L A70 (30 adenosine - linker(10 nt, GCAUAUGACU) -70 adenosine) W02016/005004, WO2021/213924
3}o| X}/ aaaaaa aaaaaaaaaa aaaaaaaaaa aaaagcauau gacuaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa
HIO| QOHEl | aaaaaaaaaa aaaaaaaaaa aaaa

Poly (A) tail WO 2020/150152, W02016005324(US10,717,982), WO2016/005004
WO02021/159130, 154763 100 nt, up to 400 nt

=10
(EE212) | (poly (A) tail o) US 10,702,600 : [0350], 16 SEQ ID NO: 53, 83 B0+ = 2%

WO 2021/156267, WO2016/180430, WO2016/097065, WO2018104538, W02012/019780 =
Foful A64-N5-C30-hSL-N5* or hSL-A100, hSL A{€2 178, 1798 M
*N=non-A; C=cytosine, hSL(histone stem loop)

<223> histone stem—loop (histoneSL,hSL) <228> histone stem-loop (histoneSL.hSL) mRNA

<400> 178 <400> 179
Caaaggotot tttoagagoc acca Caaaggcucu uuucagagcc acca
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& af, HE} US9012219 ot H|Et US9012219
=24l =24l
TOP W02015/101414, 101415, Hod H|E} US2012/0195936
(FO{uH) 062738, 024667 =24 W02014/071963
HSD17B4 WO02015/024667 ot} WO2015/101415, 024667
Ga%EL) =24l
ATP5AT W02015/024667 Y20l H &5 =2
CMV IET US2014/0206753, Growth hormone W02013/185069
W02013/185069 US2014/0206753,
W02014/152774
Ribosomal L32 WO02015/101414, 101415, Rps9 W02015/101414
062738
GGGAUCCUACC W02014/144196 FIG4 W02015/101415

WG02015/085318 (#1, #2)

(Z= X ™ =2H W02002/098443, (H 41 HHhH W02017/07062, WO2018/170347
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=OI8 WO2021/156267 &1 £

5'UTR 3'UTR polyA
HSD17B4, RPL32, ASAH1, ATP5AT1, PSMB3, ALB7, alpha-globin
MP68, NDUFA4, NOSIP, RPL31, SLC7A3, | (“muag”), CASP1, COX6B1 , GNAS,
TUBB4B, UBQLNZ2 NDUFA1, RPS9 Histone stem-loop
W02019/077001 WG02019/077001
WO02013/143700 W0O2016/107877 WO02012/019780
WO02016/107877 W02017/036580
W02016/022914 WO02016/022914

-1 (HSD17B4/PSMB3), a-2 (NDUFA4/PSMB3), a-3 (SLC7A3/PSMB3), a-4 (NOSIP/PSMB3), a-5 (MP68/PSMB3),

1 (UBQLN2/RPS9), b-2 (ASAH1/RPS9), b-3 (HSD17B4/RPS9), b-4 (HSD17B4/CASP1), b-5 (NOSIP/COX6B1),

1 (NDUFA4/RPS9), c-2 (NOSIP/NDUFA1), c-3 (NDUFA4/COX6B1), c-4 (NDUFA4 /NDUFA1 ), c-5 (ATP5A1/PSMB3),

1 (Rpl31/PSMB3), d-2 (ATP5A1/CASP1), d-3 (SLC7A3/GNAS), d-4 (HSD17B4/NDUFAT), d-5 (Slc7a3/Ndufal),

1 (TUBB4B/RPS9), e-2 (RPL31/RPS9), e-3 (MP68/RPS9), e-4 (NOSIP/RPS9), e-5 (ATP5A1/RPS9), e-6 (ATP5A1/COX6B1),
f-1 (ATP5AT/GNAS), f-2 (ATP5AT/NDUFA1), f-3 (HSD17B4/COX6B1), f-4 (HSD17B4/GNAS), f-5 (MP68/COX6B1),

g-1 (MP68/NDUFAT1), g-2 (NDUFA4/CASP1), g-3 (NDUFA4/GNAS), g-4 (NOSIP/CASP1), g-5 (RPL31/CASP1),

h-1 (RPL31/COX6B1), h-2 (RPL31/GNAS), h-3 (RPL31/NDUFA1), h-4 (Slc7a3/CASP1), h-5 (SLC7A3/COX6B1),

i-1 (SLC7A3/RPS9),i-2 (RPL32/ALB7),i-2 (RPL32/ALB7), ori-3 (alpha -globin gene).

5'UTR/3'UTR =&H

(
a
b
C
d
e

(DNA HlE{) W02009/150222 (R =%[H3}t) W02002/098443, W0O2015/062738 (CHEA[) WO2017/081082
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®e 8 mRNA WAlS AW Fo SR, ANY B4 AT © doldx F 24

@ mRNA &8

=c| A

In Vitro Transcrlptlon(IVT)OIIkl 3] oH
mRNA 2|0 ojgt HAUIZ 2 Zfaotn HHEfR L2 St

EC (U.Penn S81) #E st (REL S3) @ s
O 0 0]
H;C
2 ¢ ohiH HNT 23 NH 3 \N'234NH
6 , 6, 4 =G5
=5
HO 8 N “o HO " o HO & 0
OH OH OH OH OH OH
Uridine Pseudouridine N1-Methylpseudouridine
IR E WA ALE

CHeH Al 2i5] H| g 1 2.79 6.46
IFN-y 1 0.65
TNF-a 1 1.40

(W0O2013/052523, #27, 28 & X)
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mRNA #4554 1

WO02007/024708 | UPENN | Pseudouridine= 0| 250 RNAO|| Cjjst HAEI2S ZFAA|Z
MYl LS Ol 8 2 MAISE 5 ZA|5F0] A|SITHLHO|| A AR5 CrH
¢N02011/071931 UPENN ;I EI-_“_ | OE IVT= RNAS difet = 4 J[oF0] Al HHAM 22 S =
4 Aol Z Yol AHE
N1-methylpseudouridine= 0| 2510 RNAO|| Ojjsr HAHIL2 S ZFAX| 7|11 LA S
=
W02012/045075 | 2H4 =7FA|Zd (N1-methyl-pseudouridine AF2 A A |0, H3)
< N1-methylpseudouridine 2 0| 250§ RNAO|| CH3F HHEI2 2 ZFAA|7| 1 35S
= = - 1L O 2 L=
N02013/052523 | =H 4 Z7HAZ]. 25 HHS] oHAE CHEHZR] MM S N1-methyl-pseudouridine AFE(H28 &
EP 3590949 A1 2E L | N1-methylpseudouridine 28k RNA(Z 1H Y, 3, 12 2B)
- HAHSMAZ 0| 2510 A ZHLH mRNA 4 : RNAG| CHo HYEES ZHA(UPENN 20073 =X S7HS E)
- DCLQL HIO| 2 M El/5tO| K} B A O A AR =l N1-methylpseudouridine S & a4t 0| A| RNAO| CH
of HAELE ZtA S CHEHE S5 Z0f 2510 M= 2012-2013E S70E 2L I HSHSE & &
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@ mMmRNA &8

=c 84

k=3 EH Sy o Co g
(IVTEEH 23)
Uridine-> Nature 592;283-289 (2021): BNT162b2, A& & CH4t
20| Xt/ T7 RNA N1-methylpseudouridine : T7 RNA polymerase + cap1 analogue ((m27,3'-O)Gppp(m2'-
HFO|HE [ polymerase TriLink(Cat No. N-1081), 0)ApG) (TriLink) + N1-methylpseudouridine-5'-triphosphate
poly
Thermo Fisher Scientific. (m1YTP) (Thermo Fisher Scientific)
magnetic particle= A8 RNA E |
T7 RNA Uridine-> o S _
Polymerase ﬂ]-me;f}ylpse(;]doy(;!d|ne (IVT|_ e |_) Nature 586,567—571 (2020)
- t "

T3 RNA (T-methylpseudouridine) (VTR £3]) W02012/135805, WO2013/151663

Polymerase
-1 [ I W02012/045075 1. DNA Template(5'UTR-Sig-S protein-3'UTR-poly(A))

o Onar W02012/135805 2. @Ak (pseudouridines), T7 RNA polymerase

W02008078180 | w02013/151663 (in-vitro transcription)

US8,101,385 W02013/052523 3. oligo-dT affinity 23 22| &X|

US2010/0120024 | (pseudouridine+5-methyl 4. -20°C Y= 2

T7 RNA HEe A
agk olvmerase pseudouridine W02021/156267

poly N1-methylpseudouridine
U.PENN W02007/024708 MRNA comprising a pseudouridine residue.

_74_



mRNA &Hd
Y Y

Cap k=R R-IPN, o
SOIA/ oy a2z TriLink’s (Capping & F9 - IVT 2F 54| 0f| =3Y)
H}O| 2 QH Ed ((nf’ 13- CleanCap® Nature 592:283-289 (2021): BNT162b2, Q22 At
W02021/ O)Gz (M2-9)ApG) (CatNo.N-7413) [ W02021/213924 (Capping is performed co-transcriptionally using a
213924 = PP P ALEO Q2 trinucleotide cap 1 analogue ((m,7'3- 9)Gppp(mMZ-0)ApG: TriLink).
Vaccinia (Capping & 291)
capping enzyme [ Nature 586:567-571(2020)
Cap1 2! Vaccinia 2°0- || Transcription — 5" capping(mRNA, Cap 1 structure, vaccinia capping enzyme
) ) methyltrans- (New England Biolabs), Vaccinia 2" O-methyltransferase (New England
Zn”;gf )ppP(3INI f ferase Biolabs) — oligo-dT affinity Z & £2| & —>-20°C Y522
2EL - VT SA0| £35H= S |- T30 4UsH=FS
(Cap &¥ 59)
W02013/151663 5'Cap analog A2 Vaccinia Virus Capping Enzyme &' 2'-0
W02017/066781, ? 3-0-m7G(5)ppp(5°)G (the ARCA | methyl-transferase& Ar&51
782,789,791,793,7 cap); G(5)ppp(5)A; G(5)ppp(5)G; | M7G(5)ppp(5)G-2'-0-methyl A4
97 m7G(5)ppp(5)A: m7G(5)ppp(5)G | (B& 100%, Al 7 A3, 1H[-&, Hhg H )
(New England BioLabs)
FojuH Capl % WO_2_O1 7_/053297 m7G(5)ppp(5)(2’0MeA)pG or m7G(5 )ppp(5’)(2'0OMeG)pG. A preferred cap1
W02021/ m7GpppG or 3-0-Me &838:%,/075827 analogue that may suitably be used in manufacturing the coding RNA of the
156267 | m7G(5)ppp(5)0) invention is m7G(5')ppp(5')(2'0MeA)pG.(W02021/156267)

(Arcturus) &
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® mRNA 28] BX

IVT ¥ BH &8 F£Q EU| (0 o o= =vj= 2X|2|AE &)

THHZ sa0l HHUS
W02014/152031 2Lt Oligo dT 0| & dH|(MIt==, #+X oHd)
W02014/152027 BELE Oligo dT O|& dAl(uncapped RNAS £2|, Z4E, 0| £2])
WO02014/144767 2L AEX(Anion exchange), HPLC(O|= &5, dX| 25 S 1)
WO02017/223195 2EL Oligo dT K= hydroxyapatite Z &
W02018/111967 2L Rnase Il 17 ZH 0|8
W02019/036683 2EL HPLC ¢t A, =4 Claim 1. Z* & F2°| RNA H3
WO BN, DHMORN Y
W02019/036685 2oLt HPLC &% FH|, &4 AT O|EANS AFZEHE HPLC Ei
©W02017/182524 HFO| 2 HE | Cellulose O|8 ‘S|, WO2021/213924 ) o 2 RAAE HAsta, D&%ﬁﬁﬁ
X F| e X T4 A4S OFBA HYLE B
W02014/160243 UPENN | HPLC 8X| & (B]= S5, gradient 2H) /1 ST IRl
W02008/077592 T Of =4 HPLC B 2 (US 8383340)

A& 2L mRNA gdA| dsRNA & 2= H7H-> CHHE & S7t
_ HFO| QOHE! /&1O| K} HAAIS EFE2 [HAF MBI A| VT cellulose® dsRNA M3t =2 9|2
- ROLt A2 Oligo dTE 0|&8510] 22 ATt ==& AUS
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mRNA WA

® mRNA 22| T

$}0| Xt/
HRo| @ OH e

T2 e
Ha|XMH 2 23
Cellulose g ECI "11|| & ;4'549_4)
Chromatography | '- “€lUlose =

WO 2017/182524
WO 2021/213924
WO 2021/213945
WO 2021/214204

CC
—_

rir

HPLC

CC
_

rir

Magnetic particles
WO 2021/213924
WO 2021/213945

Immunity (2020) 53: 724-732.e7. &5 CH4

M MOl m1W-5'-triphosphate (TriLink #N- -1081)2 AF&3H0 mRNA 28 — cap
analog(CleanCap : TriLink #N-7413)2 AF&3}0] 5' Capping — CeIIquse 1 2 (Sigma-Aldrich #
11363-250G)= AHE 510 mRNA — —20°C 'HSH & W02021/214204

2. Cellulose Z&™ % HPLC

WO 2017/182524
Molecular Therapy: Nucleic Acids Vol. 15 (2019) https://doi.org/10.1016/j.omtn.2019.02.018.
Nucleic Acids Research (2011) 39: e142 (Kariko et al)
(HPLC purification of RNA, RNA isolation from column fractions)
Methods Mol. Biol. 969:43-54 (protocol 7|XH)

3. Magnetic particles 22|’dx|

Nature (2021) 592:283-289 BNT162b2, &7 CH&f
Appl Microbiol Biotechnol (2006) 73:495-504 1 &!1,

H2 & &=
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3® mRNA 24| BX|

= o

W02014/152030 DNA template A| 7 &t

@ DNase |, DNase | resin

@ DNA template0i| EA|(HIO| 2 El S chemical label/Tag, T 2tE 0|8 EX| 7ts)

* LabellT® Tracker™Intracellular Nucleic Acid Localization Kit (Minis Bio, LLC), PHOTOPROBE® (Vector
Laboratories, Inc) &

OligodT
- affinity | WO2014/152031 Oligo dT sepharose resin, AA|0][5 & 11
2H4 purification | In vitro transcription -> Oligo dT purification (DNA template &% X #)
W02014/152027 Oligo dT chromatography= DNA XA

(2d 29)

Nature 586:567-571(2020)

Transcription — 5' capping— oligo-dT affinity Z & 228X —» -20°C 4522
HPLC WO02019/036683, WO2019/036685

THO{HH HPLC WO02008/077592 (W02021/156267 7| XH)
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@ mRNA LNP X3 2}
— WA X|ELH- X TR

2005 2007 2009 2013 2015 2017
XE 7ol ol A H-INEX 7H M E 2ol2d INEX->Tekmira->Arbutus(2015)
SHAF HR(INEX) X E A RNAj HE X|E 7Hemc3) Acuitas(2H0] 4 2, 2013)
2}0[ 41 2(2006) Genevant(ZH=EH3| A} 2018)
4 * it'iit‘ Wl B *
RNAI QIZHAZ _ RNA MY SIES AT . SIRNA . siIRNA-LNP(MC3)
v s?ﬁﬂa i'ﬁ' - EAME A FDA £%l(2018)
~ U4
pal e - Y 4
ke /
1 1
%o|2d | 1

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

. — ~ RNA X|Z Lt QIX}
2 =zF 2A 2| ZE E2UE PEG-Z|ZZ O XE L A XL FDA 59!

> 3 ) O " P (] ) WA ‘“

g o S . & > o .

A G e = &3 feo 2 otz & o s | o = S e, P 90
| @ L7 % orz | TH xIZ=Of <

=

Surfactant shell

Lipid Nanoparticles—From Liposomes to mRNA Vaccine Delivery, a Landscape of Research Diversity and Advancement &=
ACS Nano, 2021, https://doi.org/10.1021/acsnano.1c04996
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@ mRNA LNP X5 2t
LIt QI 221 2124/2[0| M A Bigy

University OnPattro (siRNA-LNP) hATTR E}Z
of British Dlin-MC3-DMAO| &
Columbia AlCana A FDA 52! ('18) siRNA-LNP

BlO|M A AE-2lo|MA

Alnylam Roivant Pfizer

|
18 MNE- 18 H

A DAL E E 2ol &
"""" Genevant? BioNTech
N N CureVac
©E, 2tojd A e, 2tojd A
2ol M A
Acuitas Moderna
ME-2o|MA

4 7)] Bro|2f A Al 5Hy
LNP 7| % AP

Protiva

1) Genevant(A|YEtE)= Arbutus®?} RoivantZf 4:6 A 222 Z=MESE 3|AIE, Arbutus= BF 7IEHEHAIS
A 2let LNP 2= AEH=2 Genevantdf| 20|44

2) BE{L7H AcuitasZHE| A{E 2o|MA ¥ Arbutus LNP 7|22 474 Hfo|2| £ EFO] 5y
BHH, Acuitasi= ZH%| {3t 0|24 2|2 52 0|83 LNP 7|2 BioNTech(H[O| 2o#El) Tt &2 =

* Cullis(UBC), Ian Maclachlan(Tekmira, Protiva) Thomas Madden(Acuitas)
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@ mRNA LNP X% 2t
— SHAF K| ELp X IH

2o| X}/
- e H}O| 2 QHEl. DLt
e s N oy
1)’; {:;,m § m t -. | ? L. I ‘
Ay e TEIN %o|2d x| & ALC-0315 SM-102
;‘-E‘c ‘e W\..’ |
- . &5 (o] b |
. e L e N 2= DSPC DSPC
o "1,[\ L I "",r,a\ i‘ ; ‘
s 1@ oY e "  zE2HE RPN =R PN
e g
- .’. * PEG-X| & ALC-0159 PEG-DMG
U ¥ W )z |
WS i e (L ~51: ~9.5:
“ Jf .te’” . 47510407~408 | TSRO
(P N NS N Lagds
=7 7 = A H| 1.7~1.8 50:10:38.5:1.5
(W02021/156267) 5021/159130
(WO02021/213924) | WO2021/1539130,
154763, 159040
Component Function Proportion (mol%)
ALC-0315 Functional lipid 47.5
WQ02021/213924 ALC-0159 1 Functional lipid 1.8
OH E| DSPC (3 Structural lipid 10.0
(|:||-O|2 '—H _‘) Cholesterol, synthetic Structural lipid 40.7
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®0 8 mRNA Ao a4d Fa8 S324, AA4d 24 dsk & gholdx dsk £4

@ mRNA LNP X| '3 2t

Wo2009/127060 | OlE | o P | us sosanes
WO02017/049245 2Lt Cationic lipid(SM-102), PEG-Lipid &
€ W02018/170306 DLt SM-102 =g H& (50:10:38.5:1.5)
"1"_:?42706231’/1133323' =}l 47~51:11.5~9.5:38.5:3~ 1(H} 2 &St H| 82 7| )
W02017/075531 OFFEf2 Cationic lipid 22 (ALC-0315) & (E32| 3), WO2016/176330
W02015/199952 OFF{Ef lipid 23 ALC-0159
W02018/081480 OFF{EfA LNP X, Cationic lipidZt 40-50 mol%, (47.5:10:40.8:1.7 S).
¢wozo18/078053 OFF|EfA, FO{H | ALC-0159, ALC-0315 S LNP H|&(50:10:38.5:1.5 or 47.5:10:40.8:1.7 5)
W02021/156267 T Of 24 ALC-0315:DSPC:Chol:ALC-0159=47.4:10:40.9:1.7 (EA)
WO02021/213924 HO| 2 O &l ALC-0315:DSPC:Chol:ALC-0159=47.5:10:40.7:1.8
- KEL=URHLNP)*C| 2+ M2 (53| Y0|24 K&, PEG-X|E), =dH| 58, 0|0f et A £ Hatz
- ROLUE IR0 Y024 X|H 0|8,
- HIO|QOHE/SLO| X}, FO{H2 OFFEfAC| 0|2 X[ D} PEG X[ & AHE
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@ mRNA LNP H| 3%t

MRNA-LNP &2 =0 E5{(2)
SIHHYE S@ol HEHE WS
W02019/046809 O3} LNP
W02020/061295 PEG-Lipid
W02020/061457 LNP A=
W02020/061367 AT Lipid (LNP)
W02020/061284 | =HM | pEG-Lipid
W02020/160397 LNP-X| 2=
W02013/090648 CtRFst RNA HE 7|&
WO2015/164674 gg_@;;?itiﬁ(é%—_ﬁ%‘é igggjﬁolfd)cationic lipid: 5-25% non-cationic lipid:
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@ mRNA LNP X| g 2t

MRNA A
e =] Al
=X L. O

(MRNA-LNP HI = B £9)

1. Immunity (2020) 53: 724-732.e7 O} A CH 4

Cellulose Z8 2|3 = miy(HIHLHE ZLotSE RNAQ} O EH2 K| & =2t (ionizable cationic lipid
+ phosphatidylcholine + cholesterol and polyethylene glycol-lipid) & 4t pHO| A W2 £ =2 =g
BNT162b2 | 2- Nature (2021) 595: 572-577

mRNAZ2} X| & =3t (ALC-0315, ALC-0159, DSPC and cholesterol ; sucrose, NaCl, KCI, Na,HPO, and
KH,PO4)= 20H0] RNA-LNP A=, #4102 2 Kzl = —80 °COflAM 22

N 3. W02021/213924 &
2}0| X}/ ALC-0315:DSPC:Cholesterol: ALC-0159=47.5:10:40.7:1.8

H OH EdI

t0] M=y ALC-0315 (CAS No. 2036272-55-4; lonizable lipid, WO2016/176330 (O} EtA), WO02017/075531
ME | (OFFIELA, formula 11-3) DSPC (CAS No. 816-94-4), Cholesterol (CAS No. 57-88-5),
ALC-0159 (CAS. No. 1849616-42-7; PEG-lipid, WO2015/199952 (O} EtA))

(MRNA-LNP X = 2 %)
Molecular therapy: the journal of the American Society of Gene Therapy (2013) 21: 1570-1578;
doi:10.1038/mt.2013.124

LNP =4 : ionizable lipid L319, distearoylphosphatidylcholine (DSPC), cholesterol and PEG-DMG at a
molar ratio of 55:10:32.5:2.5 (L319:DSPC:cholesterol:PEG-DMG)
(=4 FALL bioRxiv. 2020 doi: 10.1101/2020.09.08.280818. (BNT162b2 S& 7 AMe) HIED

ALC-0315:DSPC:Chol:ALC-0159 = 50:10:38.5:1.5 or 47.5:10:40.8:1.7 or 47.4:10:40.9:1.7
HH
O CVnCoV' | \wo 2021/156267)

AL 7lE

—e

r
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mRNA 2Hd
ol 5
X L- O

2L}

WO02021/
159130,
154763,
159040

(W02021/159130, 154763, 159040)
ionizable lipid:DSPC:cholesterol:PEGlipid= 47~51:11.5~9.5:38.5:3~1, 50:10:38.5:1.5

(MRNA-LNP H| = Bt 23)
Mol. Ther. Nucleic Acids (2019) 15: 1-11

A :ionizable lipid:DSPC:cholesterol:PEGlipid& 50:10:38.5:1.52| H| &£ Of Et

fo
=2
ofo
el

mmlf' B : MRNAS Z&dH= A4 2550 mM sodium citrate (pH 4.0) EE=
25 mM sodium acetate (pH 5.0))
-> A2} B U2 2.5:1 (lipidssmRNA)2| H|-& £ microfluidic mixerE AFESI0] =gt
-> PBS (pH 7.2) or 20 mM Tris (pH 7.4) with 8% sucrose 2% £ 0f| A &M (dialysis)
-> &3 (Amicon, ultra-centrifugal filters)
-> ZH (0.22 um)
-> E3 (4°C (PBS) or —20°C (20 mM Tris-8% sucrose))
WS LNP 7’4 =& : ionizable lipid (SM-102 : CAS N0.2089251-47-6 : WO2017/049245), DSPC (CAS No.

816-94-4), cholesterol (CAS No. 57-88-5), PEG lipid (PEG2000-DMG: CAS No. 160743-62-4)

* The lipid mixture was combined with an acidification buffer of 50 mM sodium citrate (pH 4.0) or 25 mM sodium
acetate (pH 5.0) containing mRNA at a volume ratio of 3:1 (aqueous.ethanol) using a microfluidic mixer (Precision
Nanosystems, Vancouver, BC, Canada).
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@ mRNA LNP H|Bzt

=] 84
0| 23} Yo| 24 2|2 PEG-A| 2! DSPC, Cholesterol (8-&)
spojzyy | ey ¥ a2 PO BN
H}O|  QHEY o iR A
\/\/\/\/\/\/\/\/Y
o ooew !
=z
7= ALC-0315 ALC-0159 DSPC
=] E_I LI' \/\/\/\/o\/\ MMMio/T\o{'Vok\o/
\mok/\/\/\/"/\/o” M
SM-102 PEG-DMG Cholesterol
W02018/081480 (O3 Eft£) WO 2015/199952 (OF3 E+t ), WO 2017/75531 (OFF Et ), WO2016/176330 (OFH Et ),
2 £5] | W02017/049245 (25 L}), WO 2009/127060 (OF 5 E{ A), W02012/000104 (OFHE{ A),
WO02021/159130, 154763, 159040 (2. Lt) W02021/156267 (70184)W02021/213924 5 (H}O| LHE!)
& 7= | mRNA-LNP £2] : (W0 2012/135805 4 A| 6|9 Sephadex G-25), (WO 2013/151663 A A| 6| 10 dialysis)
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XL AR

5'UTR 3'UTR \a§
et US9012219 o}, H|Ef US9012219 W02014/152027
H| Ef =24l W0O2018/053209
=24 W02019/036682
(RNA pol H¥)
TOP WO02015/101414, 3l H|E} US2012/0195936 B ol A
i |:||
1014(; 2521 gg72738, =y=1] W02014/071963 WO2013052523
W02014093924
HSD17B4 WO02015/024667 ot} W02015/101415, W02015051173
=24l 024667 WO2015051169
W02015089511
ATP5AT W02015/024667 2l H S5{E
CMV IET US2014/0206753, Growth W02013/185069 Oligo T beads,
W02013/185069 hormone | US2014/0206753, HPLC, RP-HPLC,
WO2014/152774 HIC-HPLC
Ribosomal L32 WO02015/101414, Rps9 WO2015/101414
101415, 062738
GGGAUCCUACC W02014/144196 FIG4 WO2015/101415

WO02015/085318 (1, &2)

WO02017/049245
WO02017/112865
WQ02017/218704
WO02015/164674
(HI=)
WO02017/075531

WO2017/117528W

WO02017/031232
W02017/099823
WO02016/118724
W02017/223135
W0O2015/038892
W0O2017/049074
W02013/090648
WO02017/180917

(2= X3} W02002/098443, (44l

5t

—

) W02017/07062, WO2018/170347
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UTR polyA
WO02019/077001 WO02012/019780
WO02016/107877 VT 8H|
WO02016/022914 W02008/077592
WO02017/036580 WO02016,/180430

WO02016/193206 HPLC, TEF, AEX

W02008/016473, W02008/157688, W02009/149253,
W0O2011/015347, WO2013/059475, WO2017/066793,
W0O2017/066781 W0O2017/066791 WO2017/066789,

WO02017/053297, WO2017/066782, WO2018/075827

W02017/066797 WO02018/075827 (1’da L)
W02016/193226 (co-capping) W02015/101416

WG02017/212008 WO2017/212006 WO2017/212007

W02017/212009 WO2010/053572
W0O2011/026641 W0O2012/013326 W02009/030481

S84z MY

W0O2016/165831 WO2011/069586 WO2016/184575
WG0O2016/184576 WO2017/109161 WO2015/188933,
W0O2016/180430, W02008/077592, WO2016/193206,
W02016/165831 W0O2011/069586, WO2016/184575,

WO2016/184576, W02006/122828

(Fol28 X F)
W02010/053572 WO2012/170930 US20150140070

US20100324120, WO2017/075531 WO02015/074085
WO2017/117530 US 9,593,077 US 9,567,296,
W02018/078053, W02009/086558, W02009/127060,
W0O2010/048536, WO2010/054406, WO2010/088537,
W02010/129709, WO2011/153493, WO 2013/063468,
US2011/0256175, US2012/0128760, US2012/0027803,
US8158601, WO2016/118724, WO2016/118725,
WO2017/070613, WO2017/070620, WO2017/099823,
W02012/040184, WO2011/153120, WO2011/149733,
WO2011/090965, WO2011/043913, WO2011/022460,
WQ02012/061259, WO2012/054365, WO2012/044638,
W02010/080724, WO2010/21865, W02008/103276,
W0O2013/086373, WO2013/086354, US 7,893,302, US
7,404,969, US 8,283,333, US 8,466,122, US 8,569,256
US2010/0036115, US2012/0202871, US2013/0064894,
US2013/0129785, US2013/0150625, US2013/0178541,
US2013/0225836, US2014/0039032, WO2017/112865

(PEG-lipid)
US2015/0376115A1, WO2015/199952, W02018/078053

(liposome)
W02019/222424, WO2019/226925, WO2019/232095,
W02019/232097, or W0O2019/232208

(DNA HiE{) W02009/150222 (Z=%[H 2 W02002/098443, W0O2015/062738 (CHEA|) WO2017/081082
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— Z2EL mRNA

A 701242 RNA FA]

O] 2% o1z = xe)

& DELt= OfEE{AQ|LNP E3 E5{0f| o3| oj=m@d)2t FEH)HM 27

& BCLL E 10| CHl HIO| QOHEH /A TI| 7} QZ O A| O|Q|AIH =
So|AX} B+l HH|= O & £51 Z2E F2o 58 o7
L HEO| QHE | @RNA THA! 7|2 EP 3492109 o = o 2 ol Spmed)
SEHY g gem | NHEREU) | wo2013/052523) | D€ S |OIR0 RO, 220,250
US 9404127 DOLSESR) | 0130 SEXx LEX $H=X
US 9364435 eEL s | om0 920 =g sHEX
= o
OpEE| A 2y |@ NP 7lE EP 2279254 =
RO RE
US 8058069 () 0120, 980, 2&0, 3HX
o0
» oL © RNA A 7= US 8383340 IR o3y QB B2 02)

« D KR 10-2014061, KR 10-2019-0099538; 2
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2—3. K| A=

(st}

— 2L mRNA =&

2 = = A O E &l gl HH O ~ ES
v DE{LHs OMRE{20 INP S5] 3 FO{#O  RNA R S310 1 e sike msiste Mo 5.
& DCLF E&] 1740 CHsl HFO| QOHEH /AL IO 7} S 21 0| A] O]9/ UR, 3-UTR & 5 cap 425 ZElol=
a0z A,
Es|3x | H7ol B 4 E 3] o8 e HiERERsTS
 EEBHL(AEQR|Y, SHYAE
oy | HOISUH |@RNA DY Tl ER3402109 T 9], o Ofah ksl Gy
Ol Ap-| (N1-0{EF52U) | (WO2013/052523) \ ‘ZILHO| A ABAEE|= AJO|EF}OIQ
H|- 0| 100 =IOl ZHo=Z 3Ky,
US 9404127 EI Ea ~ ©
OtF H A& oLt A NP 7= US 9364435 DO EES  [Oj20 930 URQ Sk
= EP 2279254 = ! i
US 8058069 oS | 020 §7i0 YEQ $HEX
RNA A 7|
T 0{ e 2oLt e(HPLC)O 17181 ys 8383340 ZHLSER) | 050,180 ¥&0,2 502

« T KR 10-2014061, KR 10-2019-0099538; 2 KR 10-1183173
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% ZC{LbE OHRE{ 22| LNP

=0 &

| FO{E 2| RNA S|

=o{0f CHol O] =(4)1t

SHIO)0M =

Claim 1. (a) SHAE (b) Q0|2 2|2
(50~65=%), (c) H| 0| 2/d 2| 2 (13~49.5)
2 (d) ‘aggregation & #{olfol=
conjugated lipid'(0.5~2)& ZE3lot=
RN b=

Claim 1. (a) ali1k, (b) YO[=FA|A
(50~65=%), (c) H|YO|=2dA|H 2
QUR[Z(4~10) & S AH|E (30~40)
(d) “aggregation = *{sfot=
ZSI5H=

ng

conjugated lipid’(0.5~2)&

< BOELE ES| 10| CHoH HIO| QM EY/ALT| 7t S B0 A O] A H &
ES5AXL | Hpol HH7|& CH A& E 5
m= HFO| 2 QHE! ' @ RNA &M 7|& | EP 3492109
gl AL (N1-0 E 7= V) (\N02013/052523)/
US 9404127 /.~
US 9364435
HE{ A oL 7|=
OBl 2ot |@INPIE EP 2279254 |
US 8058069<
N
® RNA 8H| 7|=
by oL
F0feH 2oL} oty US 8383340
« 2 £35{9| assignee= Protiva (Protiva’ TekmiraOi| 2t =l O

SHA-2| UYL,

D2)
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2—3. K| Xl

B Ui

— L} mRNA 2l

S0 2o

HH A |
=

S (ped))

G

¢ L= OFRE{AO[LNP 535 & FO{H o] RNA FX| S50 T3l 0| =42t 73 (14)0 A

24 5
< ROL} E5{ 10| Cid HFO| QHEH /AL T 7L R RO M O|2ME &
E5{3X | HFo HH%|= O & 5 Z2E F2 58 o7
HHO| 2 HEl | @ RNA &4 7|& | EP 3492109 _
EE_ILI_ N EIC(,'I;I %3— O oeln olEHN & 1)
Ol AbL | (N1-H El == U) | (WO2013/052523)
Claim 1. 4| & 2o RNA HA| YHo2A,
US 9404127 DHAOEN CHEY F4 U O] 54 ArESt
= = OoF L AFOF OHZ
~ T = HPLC & Hgf i 4o 43 120pE1
OF=E|A ool @ LNP 7% 2ol ofsl RNAS FH|5tD, o 7|4 CHE4 o
ER 2279254/ uro i3y s|wzsl B2 Aoy LUl
US 8058069 ///4 e
® RNA FH| 7|&
Fofu 2oL (HPLO) US 8383340 2HUSER) |0|20,830,YE20,31202)

« T KR 10-2014061, KR 10-2019-0099538; 2 KR 10-1183173

« O] Qo= EAY 7 HOLE FZLHM9ImMRNA B

A1 A 2HE0| gle At
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- Uf°|2°._“ E"(ETOIIH

% HRO|Q el Fofo)

=
HEE

% HHO| QHE/ AT = B EILE £

MmRNA =l

of, Mg, B2 mRNA At 2t £
5o 1710 sl 7 oA O[2AlE &

| E0 E¥ o1z =ane)

ESAR | HFO B27|e ASs | HE | Fe3 sdox
=101 PN
oo & 32 £ 0f EP3292873 | g%
'ﬁ'O'IH—Illl |' | L1 o PD-L1 3HH e Dlaq OE4 OEII_ ) -°.:|'=_I=|I'O
24U M3 S (PD-LL 2N Es) EP2958588 | Zsi=
HH HIO| @ QHEl 28+ EP3116535 XsH= | O o2 2 SkX
ﬁ'o-l_l |' | (Al (OX—40 @'X‘” tg%) oo |£Q , El_X |_|'5|L
0] @ OH el
EP3153179 | TAF
HH RNA AN S ozi0 ol -
F.0f e eTheRNA m FALA EP18B1847 | sy 0j=0 FEO =0 =X
immunotherapies
24 mRNA Eg N N
=N L H}O| @ QH Edl x2 EP3319622 Xgi= | 020 L300 220 =0
2.0f LOoIE EN(G/C % H3l oM7) | EP2680881 A= | 020 820 =0 sHx
SojH AlMOF S0(G/C% W3} $H) | EP2680880 | x#Z | 0]20 QB0 A0, dhax
oleds | @R BEIE | o] )
BEL X8 = | 0|20, 2230, 2RO, 8

2523)
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2-4. B}O|MA(LICENSE) ¥1% 4

*2fO| A9 TYO| Bl So(H)e UL A HotM, HE 7|e& EHtl S5 €RE AR 7|AsiRA a4,
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& 0P8 2t £0{: NIH(NIAID)

< O] NIH(NIAID)*= ‘pre-fusion Z2LIHO|H A ALMO|3 HHEHA HHO = Ol E5| 5

* HE| Xt 0|2 HEEAEX|E), Scripps ¥4, Dartmouth CHE 25

= HFO| QQHEl Al-I|, GSK 50| NIAID®} SHE 7| =0 CHst 2ol MA H A
BC{Lb= NIAIDSF B ZELF9 mRNA HiAl 7jet

ME71= TAEE O] = e 2= U

FELHO| A
ATHO| 3
pre-fusion -t

US2020-061185 A

W02018/081318 US10960070 B2 | EP 3532095 A1 X X

WO02018/081318 Claim 1.

An immunogen, comprising: a recombinant coronavirus S ectodomain trimer comprising protomers
comprising one or two proline substitutions at or near a junction between a heptad repeat 1 (HRI)
and a central helix that stabilize the S ectodomain trimer in a prefusion conformation.
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el EE AHESIY HARYE a4 Sz 13de Oj= 5o

% UPenne 'FA}
= DL}, HIO|QOHE! 52 UPenn 2R H #HZ|0|F 22 Cellscriptet s 7|=0] CHst 2to|MA X E
(B0 A SE LX) UPenn — mRNA RiboTherapeutics — Cellscript — 2Lt

=X

M&7|= A= o= i 2= U
US 08,278,036
US 08,691,966 EP 1979344
US 08,748,089
EP 2510099 B1
US 08,808,982
EP 1979364
US 08,835,108
EP 2578685 B1
US 09,012,219
US 09 163213 EP 2798064 B1
oAroz | A2 | WO2007/024708 PO EP 3112467 B1 KR10-2171849
RNA 354 7|4 us 09,371,511 EP 3144389 B1 JP06842495
=o 7= 1 W02011/071931 | US 09371544 KR10-2020-0124331
e EP 3287525 BI1
US 09,750,824
EP 3421601 B1
US 10,006,007
EP 3611266
US 10,201,620
EP 3623474
US 10,232,055 EP 3477678
US 2019-321490
US 2020-030460
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2—4. 2fO|MA(LICENSE) ¥

—Spike HEHE O Tt £01: NIH(NIAID)

(WO02007/024708) Claim 1. A messenger RNA comprising a pseudouridine residue.

(W02011/071931) Claim 1. A method for reprogramming a human or animal cell that exhibits a first
differentiated state or phenotype to a cell that exhibits a second differentiated state or phenotype
comprising: introducing into the cell that exhibits a first differentiated state a purified RNA preparation
comprising modified mMRNA molecules that encode at least one reprogramming factor and culturing
the cell under conditions wherein the cell exhibits a second differentiated state.

(KRA|10-2171849=%) **? ZRS= MZ7F otLt ol ¢l M= HHHAES HUSHEE REots Al W

g 1.
(in vitro) HEOZ A, A7 gt

a) OfLf O|Ato| AlE 2t Lf-BH =l mRNA ZHZ - Al 2HLl-3h - =l mRNA 2+2t
S HPIC: 58 9= x| I 20rE 24D % RNase Il 2312 RNase Il £
ol-o|.'— Iﬁxﬂ —I—I‘i oz I—Ixﬂ |._,_ o|-L|- o|)\|-o| Iﬂx-||5| mRNA E—',Z—% '6#5|.o:|

= —
A=ZXM, o M7| SHe, 48N BY #HSS oL &7] MZ0AS #HYS AY = AFH2=E &

— 1 = "1

= "1

AANZOZM M=o CHsl HYAM(immunogenic)0| Z4QI RNA ¢ £X} - 47| RNA 2LE &
dsRNA EXtE ZootC) - E KAHst= A0|0{AM, A= Qld 7| FAE XMA= dsRNAZE 10 A |it01| CH 5i
HARl-H0| ofL|x, off M7| HHE RNA XA 2| &7] Algdat Li-ghdE mRNA 222 Al 2t AR
o8 &S|, IZ-IOIM HAHE|X| 2= FALR2I Tl (pseudouridine)(P), 1- ﬂil'.% A2 El(m1y), 5- I]1|E'°E|
El(m5V), 5-HIS A FE[El(mo5V) A 2-E|72|El(s2u)2 2 O[FO{T ERE MEHE HAHE 32
AOIEE F2|Tl CfAl Zotst= AR, A, &

b) ZRS=2 MZE Y359 AO[EFICIC M-d3i0] 47 XA E RNA HAet = & St BEAA, &7 &
=2 M=7I HESED StLt O &fo| TfxT T A S EUHst= A E Zetst=, B,




% OIHE{A(Arbutus)= ‘& 0|27d XI"'O ILSHSH= 6_I1M_I|§0,=W_7F_Jg§' inl¥=

& BOLL= sublicense #3H0|
otH 20| Xp(HIO| 2 E)= 2HH J|=2 Iil'—‘ll“*

ME|= e aa O] = o A= LRI
US 9.006,417
US 9,404,127
US 9,518,272
US20190032051
mMRNA-LNP | Ww02012/000104 | ;520130303587 X X X
US20160032320
US20160251681
US20170260523
US 8,058,069
US 8492359
mRNA-LNP W02009/127060 US 8,822,668 EP2279254 B1 | JP5475753 X
(RAMH| &) |US 9,364,435
US20200113832

9
r|r
>
e)
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N
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N
2t
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el
=2
°
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o
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fUS 8,058,069 Claim 1. A nucleic acid-lipid particle comprising: (a) a nucleic acid; (b) a cationic lipid comprising from 50\
mol % to 65 mol % of the total lipid present in the particle; (c) a non-cationic lipid comprising a mixture of a phospholipid
and cholesterol or a derivative thereof, wherein the phospholipid comprises from 4 mol % to 10 mol % of the total lipid
present in the particle and the cholesterol or derivative thereof comprises from 30 mol % to 40 mol % of the total lipid
present in the particle; and (d) a conjugated lipid that inhibits aggregation of particles comprising from 0.5 mol % to 2 mol %

kof the total lipid present in the particle. )
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=42 PN,

=0

< 20| XH(H

10| 2 Q&= COVID19 mRNA B4 210]| AcuitasS| 0|24

X| &, PEG-Lipid Z& LNP 7|& 0| &

o e b =X =5 0= e 2= =2
US 09,737,619
e US 09,738,593 JP 06594421
ALCOny) | WO2015/199952 |US 10106490 | 2o 3P BT ()P 2017-522376 X
US 10,723,692 JP 2019-218403
US 2021-107861
Fol=2g AlE US 10,166,298 EP 3532103 .
(aLC-0315) | WORVIO7S531 1y 1100112 | EP 336507 | T 2018793073 X
A LR KR 10-2019-
(ALC-0159 | W02018/078053 | US 2020-0163878 | EP 3532094  |JP 2020-504764
_ 0093816
ALC-0315)
EP 3368507
ZAH _ _
JH) | W02018/081480 | US 2020-121809 | cp oo % |JP 2018-533573 X

: Acuitas

WO 2018/081480 Claim 1. A lipid nanoparticle comprising: i) between 40 and 50 mol percent of a
cationic lipid; ii) a neutral lipid; iii) a steroid; iv) a polymer conjugated lipid; and v) a therapeutic agent, or
a pharmaceutically acceptable salt thereof, encapsulated within or associated with the lipid nanoparticle.
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2—4. d=LH19 mRNA 2l J|s HA X

; 2o
FERIE 2 1-HERERE[E
I8 mRMNA

duyny mRNA-LNP
: University
of British
Cellscript :
C b
MC3 e B8 alsenba
22| 0i 2p0| M
Roivant Mﬂ)"ﬂl‘l‘l epﬂ@ﬁ
oA HLol © ol El )
HII;;[NMID] o] 2 A=, 20| M A = 381l '|z|
25,
;ﬂﬁflll:r?;g BE, 2l0jHs / Genevant "E:-m'- Arbutus =
oEu |
LR PPS ok o
OnCore Protiva
20| M=

1) Genevant(A|4|2tE)= Arbutus® Roivant?Z} 4:6 A| 22 £5dHEHS SJALE, Arbutus= BYE ZHEHL =
A 25t LNP 2= AF2H S Genevant0j 240 All4

2) AcuitasE S9F 20 UL Arbutus M B0l d A= 47 HJO|2{ £ HELIO] 3
oHME, Acuitas< AR ZIE3F oI 249 A2 5= 0|88t LNP 7| == BioNTech(H[o] M H)0] 2fo]d £

==
« Nature Biotachnology volume 39, pagess46-548 (2021); https://www sec.gov/Archives/edgar/data/1447028,/000119312512479696/d443535dex 992 .him

https.//www.sec.gov/Archives/edgar/data/1447028/000117184312004102/newsrelease.htm ;
https® Mhwww.sec.govfArchives/edgar/data/1776985/000156 4590210146 723/bntx-20f 2020123 1.htm &
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© mRNA 22| HA|

@ mRNA-LNP

« 5'UTR
o « T7 RNA pOI . 4 .|
qg SRS e EEEE ColluloseZ % ¢ INP(R| Lb QR 42
= |.3UTR . ap s g == - Oligo-dT & ©
« Poly A tail =e
A 2) UPENN £3{(3t=0)
1) E o}
w[\cl)lglo? ;’)(()51;_?2 W02007/024708, ) AR ZAMH|0f 2t Zab
Al E35 (US10,960,070) WO2011/071931 0il) WO2009/127060, WO2018/081480
i 120% (KR10-2171849) S
ATLto|3 CHEE A s o
fépgﬂ S| H SIS AL 0|2 LNP ZMH| 8
WO02021/159130, WO2012/45075 WO2017/049245
WO02021/154763 WO02013/52523 vagggljﬂ gggg; W02018/170306
Eﬁ;—t{ W02018/213789 (KR10-2014061) (KR10-2019-0132405)
kad ES
HIEt 2 2 LIHIO| 2 A HY A O] 2 . =
WO2015/199952,
‘\',Vv%i%ﬂ’fzﬁggi“s' WO02017/182524 WO02017/075531
H}O| Q OHEll/ WO2017/060314 (KR10-2018- W02018/081480
50| At 2= WO2016/005004 = 0135451) W02018/078053
=35 ° (KR10-2019-0093816)
0] EIA ES
3lUTR, pOly (A) A-I OE:| Cellulose Ol% gX'” 0t0|£=rl)|\* I-X| PN XA'l Hl
=g WO2013/525232+H WO2008/775922+ W0O2009/1 270604 2
M HFO| 2 &l vs REfLt 2Lt vs 7O DL} vs OFRE{A

=517t S LA

BHOLM 7|E

Soiet ==

=0l Ol =gt
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2oL

o= NIH(NIAID), UPENN(Cellscript),
2o MA Acuitas(Arbutus) S
O|E Spikevax, CX-024414, TAK-919
MRNA MRNA-1273
SM-102/DSPC/cholesterol/
|
LNP =75 PEG-DMG
CH & 18| O| &; 12M| O (&= U -3)
Sz 4= 7HA (2| 6%), 28]
Y% 94.1%
2~8% 30U 7H B,
>
&I 670 -20%, 27| -70%
ST /AU GC 5HA 75,
Y&t (=) o /d HIO| R E 2] & QIEFHLL
EHO| H}O| 2] A & BH A J F
FH0| A&E = &2, COVID-19
H| HHAl 43 ES{HZ WA U3

Ol RYA| 2f0[d £ 078

WO 2021/159130, 159040, 154763

SCiL WA

Corden, Lonza
Recipharm

Lonza,
Corden

0

Rovi
Moderna, Lonza
Corden, Thermo
Fisher, Catalent ,
Baxter, Sanofi

HEHZE Corden pharma, Lonza, moderna

&%l Baxter, Catalent, Recipharm, Rovi, Sanofi,
Samsung biologics, Thermofisher

https://launchandscalefaster.org/covid-19/vaccinemanufacturing
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BCiLE FA
AZ2LH9
uy AL 2

£¢

AR WA

mRNA g
L

NI- IEA4E292]H Z3F mRNA+LNP | US10,403,789
H|EFZ 2 LHH}O| 2 A mRNA BEAI [ US10,702,600 (MERS HH AL W02017/070626
NT-HEAE=82|H Z3F mRNA+LNP | US10,577,403
QFO| 244 R|ZA(SM102) &3 | US10,442,756; 10,266,485; 9,868,692 W02017/049245
NT-HEAE=S82/H Z3F mRNA | US10,064,959 W02012/045075
HAL WO02017/070626
H Al ?ﬂf i‘{;_?ih?,\irﬂ.ﬁ'\,m MHEFE MERS) WO 2021/159130 ('21.8.12), WO 2021/159040
e (‘'21.8.12.) WO 2021/154763 ('21.8. 5)
UHILAM | 5’UTR-ORF-3'UTR-poly (A) tail, 2z} L&, W02014/164253, W02018/144778 W02016/077125,
IE=E|IE A5 W02017/201317, W02020/263883
5 UTR B ZRIQIZHTEE), ramp S5 A E, purine £, W02014/093574, W02016/077123, W02016/100812
G/C Y =2 &+&F W02018/213789, W02014/081507, W02019/200171
ORF | ORF-C &t g¢&l, targeting moiety, Al S M & W02014/159813, W02015/085318,W02013/0236974
3J'UTR | miR 23 Mg W02014/093574, W02016/011306, W02017/062513
24 | RNA Polymerase®?f capping 84 g%, HO| W02014/028429, W02019/036682, W02020/172239
N NI-D[ L AE 00| cl 22 Bial aHA W02012/045075, W02013/052523,W02014/092924,
B &4 3H AF L ; W02015/051169, W02015/051173,
HYHA ZF ALG
W02015/089511,W02015/196128, 118, 130
capping | cap analogue W02017/066781, 782, 789, 791, 793, 797
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Oligo dT | Oligo dT W02014/152027, W02014/152031,W02017/223195,
W02021/030533
23 ™A - g | AEX. Dnase, labelled DNA, SEC, filtration, HPLC | W02014/144767, W02014/152030,W02014/144711,
At W02017/223176, W02019/036683,W02016/036685
Z2132| | RTPCR, mapping, 242 5 W02014/144039, W02014/144711
W02012/135805, W02013/090648, W02015/164674,
A H|S | 0|24 2| PEG-R| A Q1| A 2Y AH = WO02016/118724, W02016/118725, W02018/089540,
W02018/170306, W02020/061367
WO02017/112865, W02017/049245, W02018/232120,
W02018/170306, W02020/061284, W0O2020/061295,
r@ﬁ%@;;’gp 22190y | 9F0| 24 |2 (SM-102 £), PEG-Z|X W02020/061317, W02020/061332, W02018/170322,
Cholesterol/ W02018/232120, W02021/055835, W02021/055849
PEG-DMG W02020/061367
X3 | ofo| o AF T3 W02015/038892
" W02017/218704, WO2017/223135, W02018/053209,
o | NP HZHY B 4, 52UZE W02019/046809, W02018/089540, W02020/061457,
°=rT W02020/160397, WO2017/031232
Eq | 25 59, Ot &0, 068 O &4 W02013/090648
SE | Circular 8#AH 2 H 2 RNAGIZ; 22|l AL W02015/034925, W02016/011222, W02015/034928,
e &n WO02016/011226; W02017/049275
27t | AR AN E B Y5t 221 EA W02015/085318; W02021/026358
HeEO| | Mo XA CHHR T RNA E5t W02016/201377
> 0371 E8], SH=o 2L T olf, SEEs{o| HRHQ(0 M2 &3 E5 22 4l 7|&o| ANAMAET} ShapE 4

2oL
OOI:(2)

X 0E

-|-.I_I.—|

AeoZ, X&XQ TLIEY e
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O 2RxE[HL @ mRNA ghd Sl B © mRNA 223K @ mRNA-LNP O Nzt 578 0O 3E/7IEt
1020190099538 - -~
HelE =3 ol =32 Elo|=E Ol SHAlL Ol o|=0| 2
1020140068245 ('N;’_;;{h?ﬂ's‘fﬂol;ai’;eaﬂlsﬁ“L';y S R OIEAEE | Wo2013052523 | 20121003 | 20111003 | @
(10-2014061 S5) EeniE =E
1020140102759 | HAHE= 22| QLAO|E, 722 QEIO|E & it T HF W02013090648 | 20121214 | 20111216 (2]
1020160008521 | SHAHE &2 HE0%= =d= A U WO02014152540 | 20140314 | 20130315 (6)
1020160067219 | M UL X|CHH Rl 2212 A SS18l= Z2| 52| QEIO|E WO02015051214 | 20141003 | 20131003 (6]
1020180094859 | =5 CHAZZI HIO|2 A (VZV)E floh st At B A W02017070601 | 20161021 20151022 (6]
1020180096592 |2 57| MZ&¢g HIO|2{A Al WO02017070622 | 20161021 20151022 (6)
1020180096593 | Ths= LTI HEO|2{A HHAI WO02017070623 | 20161021 20151022 (6]
1020180096591 | &H 2| QUZF AKX} HEO| 2 A EHA WO2017070620 | 20161021 20151022 (6)
1020190026670 | Z2HAIS OlACISt= Z 2| =22 QEI0|E WO02017201340 | 20170518 | 20160518 (6]
1020190008890 | QIE{F71-12 (IL12)E A Yst= Z2| 52 QEIE X 10| 85 WO02017201350 | 20170518 | 20160518 (6]
1020190020299 | HY =7 Z2|HEIO|EE Y= 2t5h= mRNAS| £¢t= Ul 0|9 WO2017201325 | 20170518 | 20160518 (6)
A ZZ2|HEO|EE O|ALCISE HE K| 0 1gq £
1020190039066 \éfg’;EA SCIBEOI=S 2R 5ors HSE RNA, Olof HE MM\ 02017214175 | 20170606 | 20160607 | @
o
1020190086681 | HY HI-SS 2atA|7]7] QI AKX 2|22 At Bl 9| ALE HhHE W02018081459 | 20171026 | 20161026 (6]
1020190120233 | RNA & HHAI WO02018144082 | 20171026 | 20170201 6]
SIS =00 X EdHQO|™MEIEEO|DESIE HAXA
1020190110612 | 2S=r SSHEAX SAHO| BEI=S QA== AR AR WO02018144775 | 20180201 | 20170201 | @
mRNA =N E
1020190132405 | X|2H[2| M =L MES fict eletE U =H = (SM-102 &) W02018170306 | 20180315 | 20170315 | @
A ZZ|HEIO|EE O|A LIS HH K| =2 QH}sky| 9|
1020200081420 | VEGF-A ZEIBEOIEE Q1A G5t= B RNAS 2&5H7] 72 W02019089818 | 20181031 | 20171031 | @
X & L Xt
1020210038886 | 7H Q== QF HAl Of| I E = M EH WO2020006242 | 20190627 | 20180627 (6)
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Exl-
o £ E5j2Y

T 23 $y 2

o
=
=
>
ret
ot
A

=,

US2014/0179771 |GIcNAc-1-p transferase CHEHE AE X| 28 RNA
US2017/0028085 |SH0j| =X|dl= b=l AC] RNA A€ -
US2018/0243225 |of =2} uHAl
US2019/0192646 |Atm'dla} HHA
WO2013/151665 |Zl=t 22 CHEEEL 32l RNA A & St
US9050297 aryl hydrocarbon receptor nuclear translocator RNA
US9149506 septin 4 Z & RNA
US9675668 7t A HFO|2{A EHAI
US9828416 EH| CHHE A RNA MY oA
W02012/019168 |GCSF = RNA
W02013/039857 |2 microbial HEO|E A S mRNA
WO02013/039861 |&t HIO|2{A HEIO|E 2 Y mRNA
WO2013/090186 |RNA =& MG oHH
WO2013/096709 |HAAKXXN =T mRNA O|-&
WQ02013/101690 |AM|=E 1t CHEdA 3 2l RNA
WO02013/106496 |BBB £1} CHEHE [ E RNA
WO02013/130161 |biothreat L& Bt
WO2013/151663 |M|Z=at CHEdA A& RNA, 5'UTR, 3'UTR AA|
WQ02014/113089 |t &t2d CrHEHZ!
WO02014/152540 |nX|HZ= X285, RNA A< 3HA
W02014/158795 |89 F X|&E, VEGF 22 RNA
WO02015/006747 |CRISPR &t24 CHEHZEL 3 2l RNA, 5'UTR 3'UTR{-2 7|
WO2015/034925 |circular polynucleotide 2t
WO02015/034928 RNA Ct A
WO02015/048744 |HY7|s5 =& CHEHA RNA ZE
WO02015/051214 |LDLR R Z RNA
WO02015/058069 |HAZE FEEC
WO2015/085318 |&tl1f =X|AF M|ZZ EX ZO|O{E|] T Z RNA
W02015/105926 |&X| 22 RNA
W02016/011222 |circular polynucleotide
WO02016/011226 |RNA 2i7{ 0| A

- JIEt &1 (88

e E L

) =04

W02016/014846 |INTRABODIES =& RNA

W02016/022914 |QtntEIst M &

WQ02016/036902 |EYAHE =¥ 2 4dtH dl M
W02016/164762 LDLR =& RNA

WO02016/201377 |&t&l+HA XA ciEl Z(Pd-1 OX40 TIM3, IL16 S)
WO02017/011773 st ZE RNA

WO02017/015457 |Of| =2} B4l

WQ02017/015463 |X|7} EHAl

WQ02017/015630 |steA & RNA

WO02017/019935 |F=&5F mRNA &t LNP

WO02017/020026 |QFEHAl

WO02017/049074 (A ZEF2E2d CHEHEL 3Gl

WO02017/049275 |[3UTR 2Zz|L 0| ¢ Z
WO02017/049286 |3'UTR 22|k 0|8 H&A
WQ02017/062513 ORF F[0f| miR-142- 3p microRNA binding site EE =
WO2017/070601 |VZV BH Al

WQ02017/070613 |CMV HHAl

WO02017/070616 |sexually transmitted disease vaccine
WO02017/070618 |QFHHAI

W02017/070620 |ZH2| influenza BHAl

WO2017/070622  |Rsv Al

WO2017/070623 [HSV EH Al

WO2017/070624 |tropical disease S{ A (X|Z7} BHAl 5 )
WO02017/100562 |UGT1 2 E mRNA

WO02017/106799 MCM ZZ|EEIO|E T Y mRNA + LNP
WO02017/112943 OX40L 2 mRNA

WO02017/120612 |CTLA4 & & Y MRNA

WO2017/127750 |M|ZL EFAHO| AESt= M ELY THEHE A gl RNA
WO02017/201325 |IL23 EE = il36gamma +OX40L 2 & mRNA
W02017/201328 |GLA Z & mRNA

WO02017/201332 |VLCADD X|=2&
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W02019/104152

OTC =& RNA

W02019/104160 |PAH T Z/ RNA

W02019/104195 |PCCA &l RNA

WO02019/136241 | X|Z220F 3t S RNA

W02019/143910 |0f2f 7§ 8IS ACIdt= &HLEO| RNA
WO02019/148101 RSV EH Al

WO02019/152557 |HAMNZO| MES= S22 AHESHY HANZO
W02019/226650 |DNA Mg

WO02020/006242 |7§QIE OF O T EZ AFE Qe Al

W02020/023390 |2t0|=Z &4 TSl RNA

W02020/047201 |VLCADD %28

W02020/056147 |G6Pase 2! RNA

W02020/056155 |BCKDC =% RNA

W02020/056239 |UGT1A1 &l RNA

WO02020/056304 |2t HH Al Ox40LT} MO ZZI8 AFO|E 74O &}
W02020/056370 |ABCB4 = 2! RNA

W02020/069169 |ARG1 =&l RNA

W02020/097291  |QtHH Al

W02020/097409 |OX40L = &} mRNA, QF HH Al

W02020/190750  [HIV 4 Al

WO02020/227510 |HAMNEZR} Zotsts E2+HANE AR BE2 Z
W02020/227537 |miRoj| O|sliA| EfZIEl £|= HES 5 = 3UTRO
W02020/227615 |MUT =&l RNA

W02020/227642 |AX%X|2L

WO02017/201333 LDL =%, mRNA
WQ02017/201340 relaxin @ & RNA
WO02017/201342 |JAG1 =& RNA
WO02017/201346 |PBGD =& RNA
WQ02017/201347 |CFTR =& RNA
W02017/201348 GALT =& RNA
WO2017/201349 [citrin 22 RNA
WO2017/214175 VEGF-a 2 & RNA
WO02018/075980 [CMV HH Al

WO02018/081459 |[HAEIE S SXIA|7|= Z2|HEIO|E AL RNA
WO02018/089851 [QIZ=F X} Al
WO02018/107088 [hMPV B Al

W02018/144082 |2t HH A

WO02018/144775  [reAl(tetel mRNA + S I El mRNA)
WO02018/151816 [X|Z} €Al

WO02018/157009 |25 & =2/0f O|22 THEE S 3 Y SH= RNA
W02018/170245 [QIZZQlIX} Al
WO02018/170256 [HSV Hi Al

W02018/170260 RSV EH A

W0O2018/170270 |varicella zoster virus B Al
WO02018/170347 |2FAIHIO| A S HHAI
WO02018/175783 |M|-=# &8 T = RNA
WQ02018/200737 [HSV HiAI

W02018/213731 IL-12 7 &

WO02018/231990 [(MCM ZE

W02018/232006 [Factor viii 2 &
WO02018/232355 |atx| A

W02019/018765 [propionyl coA carboxylase & &
WO02019/023179 |[Glucose 6 phosphatase 3 &l
WO02019/035998 [RNA EtS =2l A|AH
W02019/055807  |X|F} HH Al

WO02019/089818 [VEGF-a =& RNA
WO02019/103993 [EBV EH Al

W02020/227690 |VEGF-a & RNA
W02021/026358 |LNP M|& E}H(Z S22 2)
W02021/050864 |CMV EHAI
WO02021/055811 |RNA mapping &&
W02021/076805 |il-12 2 Y
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9t0| X}/H}0| @ O EM

ZEJEICIISES

NIH(NIAID), UPENN (Cellscript),
Acuitas, Genevant

0]

Comirnaty (tozinameran)

BNT-162b2

ALC-0315/DSPC/
cholesterol/ALC-0159

16M| O] &f; 12-154
Ol=, 78, = 35)

35 HA (= H6=) 22

95%

2-8% 5¢ Hit S Al -70K;
-15~-25E 2% HE Tt

SK HIO| 2AQ|HL F& FS

WO 2021/213924, 213945

¥} ©lo|X}/H}O| @ OHEM

BioNTech, Evonik,
Sanofi, Baxter,
Siegfried, AGC,
Rentschler, Allergo-
Croda pharma, Dermapharm

Delpharm Polymun

Pfizer, Croda, FO:U
Exelead

BioVac

HEH =/
ZXl HO|OHE SIO|Xl, Dermapharm

EHX HO|QAUE AGC HIO|ZEZZA Dermapharm, Evonik, 3,
20| Xt, Polymun, Rentchler, Croda, Exelead

=% HIO|QHE! L HIE|A 2}O|Xf, AbeI, Siegfried,
Allegropharma, Baxter, Fosun Pharma, Delpharm, BioVac

https://launchandscalefaster.org/covid-19/vaccinemanufacturing &1l
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O Gigy 2r0|xr/ur
x O

Uridine & 7

A

W02017/036889

T 4L

5'UTR

=24l UTR

WGO2007/036366,

WO02017/060314, WO2017/059902,

iz
SRl x| M|
3UTR, | 3 UTR (AES&12S R:A), WO32017/059902
poly (A) | A30-linker-A70 T2 BNT162b2 W02016/005004, WO2016/005324
mRNA &3 i | W02019/175356, WO2011/015347
ﬂ*| ﬁoo:l capping | cap analogue y
A | Cellulose WO02017/182524
=c| dA|
SHY W02021/008708, W02021/009368
é ) WO02013/143555, WO2015/043613, WO2015/176737,
WO02016/000792, WO2016/045732 WO2020/200472,
B|EE 2RI A FOjQt4Yd 12 T2EHD 0|8,
mRNA-LNP ) = o W02020/201383, WO2011/003834, WO2013/143683,
. A | 8 2, pH EFSY A1 - & E& cationic polymer,
/H|S £ 2/0r1510[01 0| 8 WO02013/143555, WO2016/155809, WO2016/156398,
sTEEsTE e W02020/069718, WO2021/001023, WO02021/001417,
\ p WO02018/010815, WO2018/011406, WO2019/137999
A | 2l Z2E H=EE W02019/077053, W02020/070040,
3
[ TAZL}19 HHAI ] i:l‘f BNT162b2 £ WO 2021/213924, 213945

> 192 RO 8T

72 (W02018/77385), 39 5H% £l mRNA i Al CH4
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00 7o mRNA WAle] 34U Fo EFRA, AAN B4 AF 2 eolix @ ¥4

1Y sjo|xyHIO| Qo E

—[HIZEHIT] U4 T E95{(1)

O XX} @ mRNA g 3l HH © mRNA =28 @ mRNA-LNP O Mzt 38 0O 3&/7IEt

1020210043008
1020150125642 | St T 2 & Zsto| X| 2| W0O2014075788 20131112 20121113 (6]

(102240664)
1020160030101 THZE OLEZS HARIM 0= gt W02014180569 20140507 20130510 (6]
1020160034417 | & =7|M=Z2 Atz 0| RICH 8l X[ &2 W02015014870 20140730 20130731 (6]
1020160044033 | xoto| . Tl o|sl ube Ol
1022419730000 | 3 AOo| ZAt A{EEIO|EHZ ot &t Bl 7| E WO02015024942 20140819 20130819 (6]
1020170063780 =1L 3| T 2= 0| Obxl e

(102264820) X &t 2|ZEFo| oHE =l K| | WO02016046060 20150917 20140925 (5]
1020210041634
1020170132717 | &8d TNF =X Z&X| WO02016110584 20160108 20150108 (6]

(102238326)
1020170117514 | OHE SO FEoH T M Z oD EZ O] of = B H W02016128376 20160209 20150212 (6]
1020170121215 | Q| ZItH Sl X2 E ot D= U 9 WO02016146639 20160315 20150317 (6]
1020170140266 | =2t Tl-182-S0|H HAL-EH U T MZE QuEZ W02016180782 20160509 20150511 (6]
1020180027414 |4 BHAMEBI Z 0| 8% CAR-ZXEIT MEZO| 21t FX WO02016180778 20160509 20150511 (6]
1020180057647 | RNAS| QHH3SIE /ot 3' UTR M €& W02017060314 | 20161005 20151007 (1]
1020180057648 | 510/ ~o4y ol 0| 2
1020180127356 o - - =

CLOkSE T S X0l OK HIS5{ 2 0o|& —=al=a

(102161607) FESID 2280 RN EHEZ 28 RNA HEEZE WO02017162460 20170313 20160321 (6]
1020180127360 | EZHA-EX| RNA WO02017162461 20170313 20160321 (6]
1020180135451 | T 7= RNA H|-& 2 (Cellulose 8 | tHtH) WO02017182524 | 20170419 20160422 (3]
1020190008218 | HY X2 E ot T A E= CHEHA CHHO| 874 of|F 8| W02017194610 20170510 20160513 (6]
1020190028508 | CD40 & CD1379| Cist CHESE0|X™ A W0O2018011421 20170714 20160714 (6]




mRNA = Al

=

O1%+  3ro|Xxp/Hio] Q OHEM

— [HIZHIT] U Z1g S0{(ll)

(1 R ENESEe) @® mRNA 2Hd Sl B © mRNA E273| @ mRNA-LNP O K=t 33 0O S&/7|Et

1020190029588 | RNA & M H WO2018011406 20170714 20160715 (5]
SEAIE| S L2 ZtL K22 2olst R _ EQ|I M gHOo 2 M L

1020190027832 gﬂﬁ’léﬁﬂ_‘l’mﬁ,‘“ =S flet 2E-S0IH #Ho2M L2 WO02018015433 20170719 20160720 (6]
SR 0 2 @ Motz X 2o17| et 22t Te £= 222

1020190052002 | £j1g 5 51 CD30] 75'@62}5 O|=E0|& 37} Bt W02018054973 20170920 20160923 6]

1020190073376 | HY QHX|of CHBt 2 Z2H WO02018077942 20171025 20161025 (5]

1020190128683 | & =24 U 0|9 = WO02018167151 20180314 20170315 (6]

1020190134765 | AH7HS Heto| X| 2 & 92 RNA W02018189193 20180410 20170411 (6]
HH QS 9|3t Rist EQ|A OfO| At HElo| 22 M2 o=

1020200014311 ag%ﬁf Fieh 22 SOIR o= HBA REBSS US| 02018204405 201806071 20170609 (6]

— o Hd

1020200064062 | PD-L1 & CD1370f Zgtst= ASA X 19| 8= WO2019025545 20180802 20170804 (6)

1020200050964 | TLR72| ESXH| 2 A2 jtI§ Zl o|O|Ct=F =&l W02019048353 20180831 20170906 6]

1020200050963 | X|2t=l O|O|Ct x| = W02019048350 20180831 20170906 6]

1020200049856 | M|ZZ O] A RNA & d% %@AI?IE = W02019053003 20180911 20170913 6]

1020200100619 | X|Z2H0f| Motor 2| L2 RNA Mo M= H HE WO2019077053 20181018 20171020 (4]

1020200109310 | RNAS| £ E ¢lot A Y W02019137999 20190110 20180111 (5]

1020200120632 | AtO|EZtQI Q1A T RNAE AFESH X W02019154985 20190208 20180212 6]
5-W-E2|mEEIE-E& X9 2|2 E|IE 2

1020200143391 = 9{. 0|S 9| RNA OFE ) ErAl sy 9l X| 20| A o] Al WO02019175356 20190314 20180315 (2]

1020210020006 | &= TICHS! X|=517| et 2 d= U S W02019234190 20190606 20180608 6]

1020210039376 | 7HQ! SHEad F Hi A W02020020894 20190723 20180724 6]

1020210038549 | IL2 =X W02020020783 20190719 20180724 6]

1020210092717 | Z22|AFEZ A S E2HSH= RNA X} W02020070040 20190930 20181001 (5]
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rot
ol
HI
2

G1Z}  3jo|Xp/HIO| Q OH El

— J|E &11(88) =04

W02005/038030 IMHC £21} g2t El & T RNA WO2014/082729 [QHEH Al 22

W02007/031222 | &£t W02015/014375 |+ HH Al 2t

W02009/040443 |Ct st L 27| ot et RNA Hi4 W02015/014869 |Q+ HH Al 2h2

W02010/066418 |flt3 T Z RNA W02017/102010 |cytokine fusion TH Al

W02010/094490 | £+ W02017/162266 [RNA replicon, 5'repliation recognition seq Zgt.
W02013/087083 |ssSRNAQ} dsRNA 2 IR}, M HX}-3-8, cationic lipid(protamine) 2 || W02018/172426 |QAZ 2 X} N CHHE A Z RNA S2ff HAX3A RNA EX}; OfFHE
WO02014/075697 |claudin & WO02018/188730 [X}7}B x| 2L

W02015/150327 |CAR- claudin 6 £0|X W02018/189193 |X}7}H A K| 2 2

W02017/067593 |danger signals 0| 85t0] HHEIS F = W02019/053003 | EAF}LE HHO|2{A NS CH#HEIS RNAQ} & K| 23t0] s S7l
W02017/068013 |[RNAZ} M Z=-dSH 1t SFZA Y0 cationic polymer0|-& HE W02019/053012 [M|Z 2|Z 21222 RNA

W02018/160540 |IL-12 IL-15, IFN, GMCSF 2 & RNA W02019/053056 |T cell =249 #2012 L8} RNA replicon

W02020/041655 |IL-12 IL-15, IFN, GMCSF .2 RNA W02019/154985 [AFO| E 7}l Sl RNA

W02020/150152 [Pd-1 Z&tK|2F RNA BiAlS SA|F0{510] 2 X[ =20 K& WO2020/020444 |QtEH Al H| 2 HitH

W02009/077134 [stem cells S =& W02020/182869 |1 21 A1 QF HH Al

WO02017/162265 |alphavius replicase 2919 2 RNAZ} trans replication W02020/200481 |IL2 o} OIE{ |2 e E0f, RNAZ.

W0O2012/159754 [ e Al 2+ W02020/234410 | A QF BHA|

W02014/071963

vaccinia virus B18RZ &
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7o (TS 8S

SEJEILISES

NIH(NIAID), Acuitas &

CVnCoV

(H[HyHAL0| g BE H 23

ionizable amino lipid,
DSPC, cholesterol and
a PEGylated lipid(0|-&7H)

CHEF 18M| O]

4% 717, 23] £

48~53%(YE= 100% o)

2-8& 371E Y

WO 2021/156267 (21.8.12)

Celonic, Rentschler,
Curevac, Bayer

7|5 8% CureVac, Celonic, Novatis, Rentschler, Favera
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008

0|

-I-LI-—l

Soj Qo

W02002/098443, WO2019/092153, WO2016/091391,

=] BH|

r

\.

mRNA-LNP
/HE

~

J

DE, U4 |G/C B AN, BE A
= 2| G/C ==k, B WO02016/107877, WO2017/036580, WO2017/081082
, W02013/143699, WO2013/143700, WO2019/077001
SUTR | TOP WO02003/059381.
FUTR | L& Ol QMK S2f FIGA Laf, 2| 2S S| WO02013/143698. WO2015/101414, WO2015/101415
Siel L ol% W02012/019630, WO2013/120497, 498, 500, 628
x AR
Exlf: Histone Stejmx'fglp T2 iy % DNA 1 W02019/122371, W02017/009376, WO2016/180430
STUE| | template, Mgtz 018 WO02016/174227, WO2017/009376
53 A | Bt Al o2 W02008/052770, WO2009/127230 WO2003/051401
&4, | 1A= Ppase, I E poly(A)polymeraseO|& | WO2017/162297, WO2016/174271, WO2016/193226
HAeH | DS JHID § & n7f CHE RNA S4A| §HA WO2017/109134
i R WO02018/211038, WO2017/140345, WO2020/002598
2| ArH L 2P| QE|E 0|8, HTtHO I5t
ST 88 | HPLC, j =e 28 =018, 7 WO2017/140345, WO2020/127959, WO2015/101416,
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SARS—CoV—2 mRNA mRNA adjuvant mixture method for SARS—CoV-2

M 2020-09-27
S/HL 2020-10-15 e oYz E3
=/ LEE, HO-JUN (KR)
Fa £F SARS-CoV2 mRNA, cationic lipid =& LNP, EXX| (CFA, IFA)

The present invention relates to an mRNA adjuvant for preventing SARS-CoV-2
(corona virus), and aims at preventing the antigen as a vaccine against corona
virus. The idea consists of a complete protein adjuvant (CFA) and an incomplete

29 protein adjuvant (IFA) corresponding to the adjuvant, mRNA optimized in
translation and stability, mRNA carrier, and cationic lipid nanoparticles, and has an
improved effect in terms of efficiency and stability compared to conventional
vaccines.

1. An alum complete protein adjuvant (CFA) that can lengthen the immune
response in corona virus prevention via a stabilized mRNA adjuvant synthesis
IEE T2  method into the human body can be removed from the human body Cationic
lipid nanoparticles for delivering subcutaneous and intramuscular stable mRNA
synthesized in laboratory the same way as known mRNA of SARS-CoV-2.
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US10702600
US10933127
2017-11-30 US10064934
CiE T2 5  US10272150
US10543269
US10702599

US2020/0405844

2015-10-22

MODERNA (US)

Betacoronavirus mRNA Vaccine

The disclosure relates to respiratory virus ribonucleic acid (RNA) vaccines and
combination vaccines, as well as methods of using the vaccines and compositions
comprising the vaccines.

1. A respiratory virus vaccine, comprising: at least one RNA polynucleotide having
an open reading frame encoding at least one respiratory virus antigenic
polypeptide, formulated in a cationic lipid nanoparticle.

US10702600 (Pub.Date 2020-07-07) Betacoronavirus mRNA vaccine

1. A composition, comprising: a messenger ribonucleic acid (mMRNA) comprising an
open reading frame encoding a betacoronavirus (BetaCoV) S protein or S protein
subunit formulated in a lipid nanoparticle.

US10933127 (Pub.Date 2021-03-02) Betacoronavirus mRNA vaccine

1. A method comprising administering to a subject a messenger ribonucleic acid
(MRNA) comprising an open reading frame encoding a betacoronavirus (BetaCoV)
S protein or S protein subunit formulated in a lipid nanoparticle in an effective
amount to induce in the subject an immune response to the BetaCoV S protein
or S protein subunit, wherein the lipid nanoparticle comprises 20-60 mol %
ionizable cationic lipid, 5-25 mol % neutral lipid, 25-55 mol % cholesterol, and
0.5-15 mol % PEG-modified lipid.
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Efficacious mRNA vaccines

M 2017-08-18
S 2019-02-21 CHE DjUE] §8 US2020/0254086
=@l MODERNA (US)
ZzQ EX BIE 3

High quality vaccines are identified and formulated based on a threshold
L2kl differential T-cell activation potential. The vaccines are mRNA vaccines formulated
in a carrier, wherein the mRNA encodes an antigen.

1. A vaccine composition, comprising
an mRNA encoding an antigen formulated in a carrier, wherein the vaccine
composition exhibits a threshold differential T cell activation potential (dTCAP) in

a mammalian subject.
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mRNA vaccine and synthetic method and kit thereof

P 2020-02-06

S 2020-10-27 CHE DUz E3

= o0l SHENZHEN RHEGEN

BIOTECHNOLOGY (CN)
F2 EF 2019nCoV mRNA Hi4l

The invention discloses an mRNA vaccine and a synthesis method and a kit
thereof, wherein the mRNA vaccine comprises the following components in parts
by weight: the epitope antigen gene sequence of the trimeric spike glycoprotein
S, and/or the epitope antigen gene sequence of the transmembrane

Qo protein-envelope E, and/or the epitope antigen gene sequence of the membrane
glycoprotein M, and/or the epitope antigen gene sequence of the nucleocapsid N,
and/or the epitope antigen gene sequence of the receptor binding domain RBD
in the trimeric spike glycoprotein. The technical scheme of the invention designs
the mRNA vaccine by a genetic engineering method so as to realize the
immunity to the novel coronavirus.
1. An mRNA vaccine, characterized in that the mRNA vaccine consists of:
epitope antigen gene sequence of trimeric spike glycoprotein S, and/or
epitope antigen gene sequence of transmembrane protein-envelope E, and/or
epitope antigen gene sequence of membrane glycoprotein M, and/or
epitope antigen gene sequence of nucleocapsid N, and/or
the epitope antigen gene sequence of the receptor binding domain RBD in the

HEE s trimer spike glycoprotein is prepared,

wherein, the epitope antigen gene sequence of the trimeric spike glycoprotein S
is selected from SEQ ID: 1 or 2, the epitope antigen gene sequence of
transmembrane protein-envelope E is selected from SEQ ID: 3 or 4, the epitope
antigen gene sequence of the membrane glycoprotein M is selected from SEQ ID:
5 or 6, the epitope antigen gene sequence of the nucleocapsid N is selected
from SEQ ID: 7 or 8, the epitope antigen gene sequence of the receptor binding
domain RBD in the trimeric spike glycoprotein is selected from SEQ ID: 9 or 10.
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Delivery of mRNA for the augmentation of proteins and enzymes in human
genetic diseases
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US10143758

2011-06-09 CHE D22l £8 US10576166
US2019/192690

TRANSLATE BIO (US)
mRNAZ ZEH X2

Disclosed herein are compositions and methods of modulating the expression of
gene or the production of a protein by transfecting target cells with nucleic acids.
The compositions disclosed herein demonstrate a high transfection efficacy and
are capable of ameliorating diseases associated with protein or enzyme
deficiencies.

1. A composition for modulating the expression of a protein in a target cell,
wherein said composition comprises at least one RNA molecule and a transfer
vehicle.
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MERS—CoV vaccine

fdd 2013-11-29 US10016497
US10548971
370 2015-06-04 g oYUz £
°= = US2020/222527
=zl UPENN (US) KR2016/0091350
o EX MERS coV vaccine

Disclosed herein is a vaccine comprising a Middle East Respiratory Syndrome
coronavirus (MERS-CoV) antigen. The antigen can be a consensus antigen. The
29f consensus antigen can be a consensus spike antigen. Also disclosed herein is a
method of treating a subject in need thereof, by administering the vaccine to the

subject.

1. An immunogenic composition comprising a nucleic acid molecule, wherein:

(@) the nucleic acid molecule comprises a nucleic acid sequence having at least

about 90% identity over an entire length of the nucleic acid sequence set forth
CHEETE  in SEQ ID NO: 1; or

(b) the nucleic acid molecule comprises a nucleic acid sequence having at least

about 90% identity over an entire length of the nucleic acid sequence set forth

in SEQ ID NO:3.
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mRNA and vaccine for coding a SARS—CoV-2 viral antigen and preparation
method of vaccine

SR

OH
=
ne

T
o
ro

Sk
10
m
(o)l

=]
ot
4
oot

2020-02-27

2020-06-02 E DY £
ZHUHAI LIFANDA
BIOTECHNOLOGY (CN)

5'UTR, 3'UTR, S A

The invention provides mRNA and a vaccine for coding a SARS-CoV-2 viral
antigen and a preparation method of the vaccine, and relates to the technical
field of vaccines. The mRNA for coding the SARS-CoV-2 viral antigen at least
contains at least one of S protein and N protein for coding SARS-CoV-2 virus
and/or a coding region of a fragment of the at least one protein, and the mRNA
is delivered intoa body to enable the body to generate an immune reaction.

1. mRNA encoding an antigen of SARS-CoV-2 virus, wherein the mRNA contains
at least a coding region encoding at least one of S protein and N protein of
SARS-CoV-2 virus, and/or a fragment of at least one protein.
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SARS-CoV-2 mRNA vaccine

The present invention is directed to a nucleic acid suitable for use in treatment
or prophylaxis of an infection with a coronavirus, preferably with a Coronavirus
SARS-CoV-2, or a disorder related to such an infection, preferably COVID-19. The
present invention is also directed to compositions, polypeptides, and vaccines. The
compositions and vaccines preferably comprise at least one of said nucleic acid
sequences, preferably nucleic acid sequences in association a lipid nanoparticle
(LNP). The invention is also directed to first and second medical uses of the
nucleic acid, the composition, the polypeptide, the combination, the vaccine, and
the kit, and to methods of treating or preventing a coronavirus infection,

preferably a Coronavirus infection.

1. A nucleic acid comprising at least one coding sequence encoding at least one
antigenic peptide or protein that is from or is derived from a SARS-CoV-2
coronavirus, or an immunogenic fragment or immunogenic variant thereof,
wherein the nucleic acid comprises at least one heterologous untranslated
region (UTR).
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The disclosure relates to SARS-CoV-2 messenger ribonucleic acid (mRNA) vaccine

compositions as well as methods of using the vaccines,

1.

A method comprising administering to a human subject a composition
comprising a messenger ribonucleic acid (mRNA) comprising an open reading
frame (ORF) that encodes a SARS-CoV-2 prefusion stabilized Spike (S) protein,
wherein the mRNA is formulated in a lipid nanoparticle, and wherein the
composition is administered in an effective amount to induce in the subject a
neutralizing antibody response to SARS-CoV-2 S protein, wherein the effective
amount is a 25 mg or 100 mg dose. (52f)

9. The method of claim 8, wherein the composition comprises 10 mM - 30 mM

10.

11.

18.

19.

20.

21.

Tris buffer, 75 mg/mL - 95 mg/mL sucrose, and 5 mM - 15 mM sodium
acetate, optionally wherein the composition has a pH of 6-8.

The method of claim 9, wherein the composition comprises 20 mM Tris
buffer, 87 mg/mL sucrose, and 10.7 mM sodium acetate, optionally wherein
the composition has a pH of 7.5.

The method of any one of claims 1-10, wherein the composition comprises
0.5 mg/mL of the mRNA. (5&f)

The method of claim 17, wherein the mRNA comprises the nucleotide
sequence of SEQ ID NO: 6.

The method of any one of claims 1-18, wherein the lipid nanoparticle
comprises: ionizable cationic lipid; neutral lipid; sterol; and PEG-modified lipid.
The method of claim 19, wherein the lipid nanoparticle comprises: 40-55
mol% ionizable cationic lipid; 5-15 mol% neutral lipid; 35-45 mol% sterol; and
1-5 mol% PEG-modified lipid.

The method of claim 20, wherein the lipid nanoparticle comprises:

47 mol% ionizable cationic lipid; 11.5 mol% neutral lipid; 38.5 mol% sterol;
and 3.0 mol% PEG-modified lipid; 48 mol% ionizable cationic lipid; 11 mol%
neutral lipid; 38.5 mol% sterol; and 2.5 mol% PEG-modified lipid; 49 mol%
ionizable cationic lipid; 10.5 mol% neutral lipid; 38.5 mol% sterol; and 2.0
mol% PEG-modified lipid; 50 mol% ionizable cationic lipid; 10 mol% neutral
lipid; 38.5 mol% sterol; and 1.5 mol% PEG-modified lipid; or 51 mol%
ionizable cationic lipid; 9.5 mol% neutral lipid; 38.5 mol% sterol; and 1.0
mol% PEG-modified lipid.
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The disclosure relates to coronavirus ribonucleic acid (RNA) vaccines as well as
29 methods of using the vaccines and compositions comprising the vaccines. The
RNA vaccines encode domains and subunits of coronavirus.

1. A messenger ribonucleic acid (mRNA) comprising an open reading frame (ORF)
that encodes at least two domains of a SARS-CoV-2 Spike protein, and less
than the full length spike protein.

2. The mRNA of claim 1, wherein one of the two domains is an N-terminal

domain (NTD) of a SARS-CoV-2 Spike protein.

3. The mRNA of claim 1 or 2, wherein one of the two domains is a receptor
binding domain (RBD) of a SARS-CoV-2 Spike protein.

. The mRNA of claim 2 or 3, wherein the ORF encodes a transmembrane
domain (TD) linked to the NTD and/or RBD.

5. The mRNA of claim 4, wherein the TD is an influenza hemagglutinin

ozt
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[
i

transmembrane domain.

6. The mRNA of claim 3 or 4, wherein the ORF comprises NTD - RBD - TM.

7. The mRNA of any one of claims 1-6, wherein the at least two domains are
linked through a cleavable or non-cleavable linker.

8. The mRNA of claim 7, wherein the non-cleavable linker is a glycine-serine (GS)
linker.
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The disclosure relates to coronavirus ribonucleic acid (RNA) vaccines as well as

methods of using the vaccines and compositions comprising the vaccines.

1.

10.

15.

16.

17.

18.

19.

A messenger ribonucleic acid (mRNA) comprising an open reading frame (ORF)
that encodes a SARS-CoV-2 spike (S) protein having a double proline
stabilizing mutation. (5 2f)
The mRNA of claim 5, wherein the 5 UTR comprises the nucleotide sequence
of SEQ ID NO: 2 or SEQ ID NO: 36 and/or the 3" UTR comprises the
nucleotide sequence of SEQ ID NO: 4 or SEQ ID NO: 37.
The composition of claim 7, wherein the lipid nanoparticle comprises a
PEG-modified lipid, a non-cationic lipid, a sterol, an ionizable cationic lipid, or
any combination thereof.
The composition of claim 8, wherein the lipid nanoparticle comprises 0.5-15
mol% PEG-modified lipid; 5-25 mol% non-cationic lipid; 25-55 mol% sterol; and
20-60 mol% ionizable cationic lipid. (52f)
A messenger ribonucleic acid (MRNA) comprising an open reading frame
(ORF) that comprises a nucleotide sequence having at least 80% identity to
the nucleotide sequence of SEQ ID NO: 28 and encodes a polypeptide
comprising the amino acid sequence of SEQ ID NO: 29.
The mRNA of claim 10, wherein the RNA comprises a 5' untranslated region
(UTR) and a 3' UTR.
The mRNA of claim 15, wherein the 5 UTR comprises the nucleotide
sequence of SEQ ID NO: 2 or SEQ ID NO: 36.
The mRNA of claim 15, wherein the 3' UTR comprises the nucleotide
sequence of SEQ ID NO: 4 or SEQ ID NO: 37.
The mRNA of any one of claims 10-17, wherein the mRNA comprises a
chemical modification.
The mRNA of claim 18, wherein the mRNA is chemically modified with
1-methyl-pseudouridine, such that each U in the sequence is a 1 -methyl
-pseudouridine
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This disclosure relates to the field of RNA to prevent or treat coronavirus
infection. In particular, the present disclosure relates to methods and agents for
vaccination against coronavirus infection and inducing effective coronavirus
antigen-specific immune responses such as antibody and/or T cell responses.
These methods and agents are, in particular, useful for the prevention or
treatment of coronavirus infection. Administration of RNA disclosed herein to a
subject can protect the subject against coronavirus infection. Specifically, in one
embodiment, the present disclosure relates to methods comprising administering
to a subject RNA encoding a peptide or protein comprising an epitope of
SARS-CoV-2 spike protein (S protein) for inducing an immune response against
coronavirus S protein, in particular S protein of SARS-CoV-2, in the subject, i.e,
vaccine RNA encoding vaccine antigen. Administering to the subject RNA
encoding vaccine antigen may provide (following expression of the RNA by
appropriate target cells) vaccine antigen for inducing an immune response against
vaccine antigen (and disease-associated antigen) in the subject. In December
2019, a pneumonia outbreak of unknown cause occurred in Wuhan, China and it
became clear that a novel coronavirus (severe acute respiratory syndrome
coronavirus 2; SARS-CoV-2) was the underlying cause. The genetic sequence of
SARS-CoV-2 became available to the WHO and public (MN908947.3) and the
virus was categorized into the betacoronavirus subfamily. By sequence analysis,
the phylogenetic tree revealed a closer relationship to severe acute respiratory
syndrome (SARS) virus isolates than to another coronavirus infecting humans,
namely the Middle East respiratory syndrome (MERS) virus. On February 2nd, a
total of 14'557 cases were globally confirmed in 24 countries including Germany
and a subsequent self-sustaining, human-to-human virus spread resulted in that
SARS-CoV-2 became a global epidemic.

1. A composition or medical preparation comprising RNA encoding an amino acid
sequence comprising a SARS-CoV-2 S protein, an immunogenic variant thereof,
or an immunogenic fragment of the SARS-CoV-2 S protein or the
immunogenic variant thereof.

2. The composition or medical preparation of claim 1, wherein an immunogenic
fragment of the SARS-CoV-2 S protein comprises the S| subunit of the
SARS-CoV-2 S protein, or the receptor binding domain (RBD) of the SI subunit
of the SARS-CoV-2 S protein .
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3.

The composition or medical preparation of claims 1 or 2, wherein the amino
acid sequence comprising a SARS-CoV-2 S protein, an immunogenic variant
thereof, or an immunogenic fragment of the SARS-CoV-2 S protein or the
immunogenic variant thereof is encoded by a coding sequence which is
codon-optimized and/or the G/C content of which is increased compared to
wild type coding sequence, wherein the codon-optimization and/or the increase
in the G/C content preferably does not change the sequence of the encoded
amino acid sequence.

4. The composition or medical preparation of any one of claims 1 to 3, wherein

()

the RNA encoding a SARS-CoV-2 S protein, an immunogenic variant thereof,
or an immunogenic fragment of the SARS-CoV-2 S protein or the
immunogenic variant thereof comprises the nucleotide sequence of nucleotides
979 to 1584 of SEQ ID NO: 2, 8 or 9, a nucleotide sequence having at least
99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the nucleotide
sequence of nucleotides 979 to 1584 of SEQ ID NO: 2, 8 or 9, or a fragment
of the nucleotide sequence of nucleotides 979 to 1584 of SEQ ID NO: 2, 8 or
9, or the nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of nucleotides 979 to 1584
of SEQ ID NO: 2, 8 or 9; and/or

(ID a SARS-CoV-2 S protein, an immunogenic variant thereof, or an immunogenic

fragment of the SARS-CoV-2 S protein or the immunogenic variant thereof
comprises the amino acid sequence of amino acids 327 to 528 of SEQ ID NO:
1, an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the amino acid sequence of amino acids 327 to 528
of SEQ ID NO: 1, or an immunogenic fragment of the amino acid sequence of
amino acids 327 to 528 of SEQ ID NO: 1, or the amino acid sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the amino
acid sequence of amino acids 327 to 528 of SEQ ID NO: 1.

5. The composition or medical preparation of any one of claims 1 to 4, wherein

()

the RNA encoding a SARS-CoV-2 S protein, an immunogenic variant thereof,
or an immunogenic fragment of the SARS-CoV-2 S protein or the
immunogenic variant thereof comprises the nucleotide sequence of nucleotides
49 to 2055 of SEQ ID NO: 2, 8 or 9, a nucleotide sequence having at least
99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the nucleotide
sequence of nucleotides 49 to 2055 of SEQ ID NO: 2, 8 or 9, or a fragment
of the nucleotide sequence of nucleotides 49 to 2055 of SEQ ID NO: 2, 8 or
9, or the nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of nucleotides 49 to 2055 of
SEQ ID NO: 2, 8 or 9; and/or
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(i) a SARS-CoV-2 S protein, an immunogenic variant thereof, or an immunogenic

6.

0)

fragment of the SARS-CoV-2 S protein or the immunogenic variant thereof
comprises the amino acid sequence of amino acids 17 to 685 of SEQ ID NO:
1, an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the amino acid sequence of amino acids 17 to 685 of
SEQ ID NO: 1, or an immunogenic fragment of the amino acid sequence of
amino acids 17 to 685 of SEQ ID NO: 1, or the amino acid sequence having
at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the amino
acid sequence of amino acids 17 to 685 of SEQ ID NO: 1.

The composition or medical preparation of any one of claims 1 to 5, wherein

the RNA encoding a SARS-CoV-2 S protein, an immunogenic variant thereof,
or an immunogenic fragment of the SARS-CoV-2 S protein or the
immunogenic variant thereof comprises the nucleotide sequence of nucleotides
49 to 3819 of SEQ ID NO: 2, 8 or 9, a nucleotide sequence having at least
99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80% identity to the nucleotide
sequence of nucleotides 49 to 3819 of SEQ ID NO: 2, 8 or 9, or a fragment
of the nucleotide sequence of nucleotides 49 to 3819 of SEQ ID NO: 2, 8 or
9, or the nucleotide sequence having at least 99%, 98%, 97%, 96%, 95%, 90%,
85%, or 80% identity to the nucleotide sequence of nucleotides 49 to 3819 of
SEQ ID NO: 2, 8 or 9; and/or

(i) a SARS-CoV-2 S protein, an immunogenic variant thereof, or an immunogenic

fragment of the SARS-CoV-2 S protein or the immunogenic variant thereof
comprises the amino acid sequence of amino acids 17 to 1273 of SEQ ID NO:
1 or 7, an amino acid sequence having at least 99%, 98%, 97%, 96%, 95%,
90%, 85%, or 80% identity to the amino acid sequence of amino acids 17 to
1273 of SEQ ID NO: 1 or 7, or an immunogenic fragment of the amino acid
sequence of amino acids 17 to 1273 of SEQ ID NO: 1 or 7, or the amino acid
sequence having at least 99%, 98%, 97%, 96%, 95%, 90%, 85%, or 80%
identity to the amino acid sequence of amino acids 17 to 1273 of SEQ ID NO:
1 or7.

7. The composition or medical preparation of any one of claims 1 to 6, wherein

the amino acid sequence comprising a SARS-CoV-2 S protein, an immunogenic
variant thereof, or an immunogenic fragment of the SARS-CoV-2 S protein or

the immunogenic variant thereof comprises a secretory signal peptide.
(O35t &
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Disclosed herein are RNA polynucleotides comprising a 5 Cap, a 5 UTR
comprising a cap proximal sequence disclosed herein, and a sequence encoding a
payload. Also disclosed herein are compositions and medical preparations
comprising the same, and methods of making and using the same.

fo
e

1. A composition or medical preparation comprising an RNA polynucleotide comprising:
a 5" cap comprising a Cap! structure; a cap proximal sequence comprising positions +1,
+2. +3. +4, and 43 of the RNA polynucleotide: and a sequence encoding a payload, wherein:
(1) the Capl structure comprises m7G(5')ppp(5')(2'OMeN)pN2, wherein N is position
+1 of the RNA polynucleotide, and Nz is position +2 of the RNA polynucleotide, and
wherein Ni and Nz are each independently chosen from: A, C, G, or U; and
(ii) the cap proximal sequence comprises N and N2 of the Cap1 structure, and:
(a) a sequence selected from the group consisting of: AzA4Xs (SEQ ID NO: 1);
C:A4Xs (SEQ ID NO: 2); A3sCsAs (SEQ ID NO: 3) and AsUsGs (SEQ 1D NO: 4); or
(b) a sequence comprising: X3Y4Xs (SEQ ID NO: 7);
e wherein X (nucleotide X at position +3 in SEQ 1D NO: 7) or X5 (nucleotide X at
position +5 in SEQ ID NO: 1 or SEQ ID NO: 2) is each independently chosen from A, G,
C, or U; and
wherein Y4 (nucleotide Y at position +4 in SEQ 1D NO: 7) is not C,

2. The composition or medical preparation of ¢claim |, wherein;

(1) the Ny position is A and the N2 position is G, and the Cap] structure comprises
m7G(5")ppp(5")1(2'OMeA1)pGa;

(ii) the Ny position is A and the N2 position is U, and the Capl structure comprises
m7G(S )ppp(SNH2'OMeA )pUz, or

(iii) the Ny position is G and the N2 position is G, and the Cap] structure comprises

m7G(5")ppp(SN2'OMeGi )pGa.
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Disclosed herein are RNA polynucleotides comprising a 5 Cap, a 5 UTR
comprising a cap proximal sequence disclosed herein, and a sequence encoding a

payload. Also disclosed herein are compositions and medical preparations
comprising the same, and methods of making and using the same.

1. A kit comprising: a) a primary container; b) a payload container; c) at least one
tray placed within the payload container; and d) a dry ice container; wherein
the at least one tray has dimensions A x B x H, where A is about 228 to
about 233 mm, B is about 228 to about 233 mm, and H is about 38 to about
46 mm.

2. The kit according to claim 1 , wherein the payload container has the
dimensions of about 229 mm x 229 mm x 229 mm.

3. The kit according to any of claims 1 -2, wherein the at least one tray contains
a temperature-sensitive material.

4. The kit according to claim 3, wherein the kit is capable of maintaining the
temperature of the material within the tray at -50°C or lower for at least 10
days.

5. The kit according to any of claims 3-4, wherein the kit is capable of
maintaining the temperature of the material within the tray at -70°C or lower
for at least 10 days.

6. The kit according to any of claims 3-5 wherein the kit is capable of
maintaining the temperature of the material within the tray at -80°C for at
least 10 days.

7. The kit according to any of claims 1 -6, further comprising a temperature
monitoring system.

8. The kit according to any of claims 1 -7, further comprising a light sensor.

9. The kit according to any of claims 3-8, wherein the temperature monitoring
system comprises a temperature sensor and a display, wherein the temperature
monitoring system is capable of displaying or warning when the temperature
inside the payload container is greater than about -80° C.
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A range of therapeutic mMRNA molecules expressible to provide a target
polypeptide or protein. The RNA molecules can contain one or more
5-methoxyuridines and 5-methylcytidines. Further provided are DNA templates,
which can be transcribed to provide a target mRNA, and can have altered
nucleotides, such as reduced deoxyadenosines. This invention also provides
processes for making the therapeutic mMRNA molecules. The RNA molecules can
be translated in vitro or in vivo to provide an active polypeptide or protein.

1. A RNA that is expressible to provide a target polypeptide or protein, wherein
the occurrence of uridines in a coding sequence region of the RNA is reduced by
at least 20% as compared to a wild type mRNA that is expressible to provide the
target polypeptide or protein, and wherein the RNA contains one or more
5-methoxyuridines.
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This invention provides expressible polynucleotides, which can express a target
protein or polypeptide. Synthetic mRNA constructs for producing a protein or
polypeptide can contain one or more 5 UTRs, where a 5" UTR may be expressed
29 by a gene of a plant. In some embodiments, a 5 UTR may be expressed by a
gene of a member of Arabidopsis genus. The synthetic mRNA constructs can be
used as pharmaceutical agents for expressing a target protein or polypeptide in

vivo.

1. A synthetic mRNA construct for producing a protein or polypeptide, the mRNA
construct comprising one or more 5" UTRs.
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The invention relates to the stabilisation of RNA, in particular mRNA and to the
increased translation of mMRNA. The invention specifically relates to three
modifications of RNA, in particular in vitro transcribed RNA, which produce an

increased transcript stability and translation efficiency.
1. A nucleic acid molecule comprising, in the 5 '— 3' direction of transcription:

(@) a promoter;

(b) a transcribable nucleic acid sequence or a nucleic acid sequence for
introducing a transcribable nucleic acid sequence;

c-1) a first nucleic acid sequence corresponding to or derived from the
3'-untranslated region of a gene; and

(c-2) a second nucleic acid sequence corresponding to or derived from the
3'-untranslated region of a gene.

EP1934345B1
1. A nucleic acid molecule comprising in the 5 — 3' direction of transcription:

(@) a promoter,

(b) a transcribable nucleic acid sequence or a nucleic acid sequence for
introducing a transcribable nucleic acid sequence,

(c-1) a first nucleic acid sequence,

(c-2) a second nucleic acid sequence and, where appropriate,

(c-3) at least one further nucleic acid sequence, wherein the nucleic acid
sequences (c-1), (c-2) and, where appropriate, (c-3) are selected from the group
consisting of:

(I) a nucleic acid sequence which corresponds to the 3'-untranslated region of a
globin gene and

() a nucleic acid sequence which is at least 90% identical to the nucleic acid
sequence under (I), wherein the nucleic acid sequences (c-1), (c-2) and, where
appropriate, (c-3) are independently of one another derived from a gene selected
from the group consisting of alpha2-globin gene, alphal-globin gene and
beta-globin gene and wherein the nucleic acid sequences (b), (c-1), (c-2) and,
where appropriate, (c-3) under the control of the promoter (a) can be transcribed
to give a common transcript in which the nucleic acid sequences transcribed from
the nucleic acid sequences (c-1), (c-2) and, where appropriate, (c-3) are active so
as to increase the translation efficiency and/or the stability of the nucleic acid
sequence transcribed from the transcribable nucleic acid sequence (b).
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The present invention relates to RNA therapy and, in particular, decreasing
immunogenicity of RNA. Specifically, the present invention provides methods for
decreasing immunogenicity of RNA, said methods comprising modifying the
nucleotide sequence of the RNA by reducing the uridine (U) content, wherein said
reduction of the U content comprises an elimination of U nucleosides from the
nucleotide sequence of the RNA and/or a substitution of U nucleosides by
nucleosides other than U in the nucleotide sequence of the RNA. Using RNA
having decreased immunogenicity allows administration of RNA as a drug to a
subject, e.g. in order to obtain expression of a pharmaceutically active peptide or
protein, without eliciting an immune response which would interfere with
therapeutic effectiveness of the RNA or induce adverse effects in the subject.

1. A method of decreasing immunogenicity of RNA, said method comprising
modifying the nucleotide sequence of the RNA by reducing uridine (U) content
thereof, wherein said reduction of the U content comprises an elimination of U
nucleosides from the nucleotide sequence of the RNA and/or a substitution of U
nucleosides by nucleosides other than U in the nucleotide sequence of the RNA.
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The present invention relates to nucleic acid molecules containing poly (dA:dT)
regions which are stabilized in E.coli, methods of propagating such nucleic acid
molecules in E.coli, methods of obtaining RNA, peptides or proteins using such

29 nucleic acid molecules and to RNA which is obtained from such nucleic acid
molecules and its use. In particular, the poly (dA:dT) regions contain at least one
disruption by a sequence not encoding a sequence solely composed of A
residues.

1. A nucleic acid molecule comprising in the 5' — 3' direction of transcription:

(@) a promoter;

(b) a transcribable nucleic acid sequence or a nucleic acid sequence for
introducing a transcribable nucleic acid sequence; and

() a nucleic acid sequence which, when transcribed under the control of the
promoter (a), codes for a nucleotide sequence of at least 80 consecutive
nucleotides in the transcript, wherein said nucleotide sequence of at least 80
consecutive nucleotides in the transcript is a polyadenyl sequence comprising
within the polyadenyl sequence a sequence of one or more consecutive
nucleotides containing nucleotides other than A nucleotides.
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The present invention relates to stabilization of RNA, in particular mRNA, and an
increase in mRNA translation. The present invention particularly relates to a
modification of RNA, in particularin vitro-transcribed RNA, resulting in increased
transcript stability and/or translation efficiency. According to the invention, it was
demonstrated that certain sequences in the 3'-untranslated region (UTR) of an
RNA molecule improve stability and translation efficiency.

1. A nucleic acid molecule comprising in the 5' —» 3 ' direction of transcription:

(@) a promoter;

(b) a transcribable nucleic acid sequence or a nucleic acid sequence for

introducing a transcribable nucleic acid sequence; and

(c) a nucleic acid sequence which, when transcribed under the control of the

promoter (a) , codes for a 31 -untranslated region in the transcript, said 3 '

-untranslated region comprising a nucleic acid sequence which is selected from

the group consisting of:

(c-1) the nucleic acid sequence of the 3 ' - untranslated region of FCGRT, a

fragment thereof, or a variant of said nucleic acid sequence or fragment,

(c-2) the nucleic acid sequence of the 3'- untranslated region of LSP1, a fragment

thereof, or a variant of said nucleic acid sequence or fragment,

(c-3) the nucleic acid sequence of the 3'- untranslated region of CCL22, a
HEMTE  fragment thereof, or a variant of said nucleic acid sequence or fragment,

(c-4) the nucleic acid sequence of the 3'- untranslated region of AES, a fragment

thereof, or a variant of said nucleic acid sequence or fragment,

(c-5) the nucleic acid sequence of the 3'- untranslated region of PLD3, a

fragment thereof, or a variant of said nucleic acid sequence or fragment,

(c-6) the nucleic acid sequence of the non- coding RNA of MT-RNRT1, a fragment

thereof, or a variant of said nucleic acid sequence or fragment,

(c-7) the nucleic sequence of the 3'-untranslated region of HLA-DRB4, a fragment

thereof, or a variant of said nucleic acid sequence or fragment, and

(c-8) any combination of two or more of the nucleic acid sequences, fragments

and/or variants under (c-1) , (c-2) , (c-3) , (c-4) , (c-5) , (c-6) and (c-7).

EP3636764B1
1. A nucleic acid molecule comprising in the 5' — 3' direction of transcription:
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(@) a promoter;

(b) a transcribable nucleic acid sequence comprising a nucleic acid sequence
coding for a peptide or protein; and

() a nucleic acid sequence which, when transcribed under the control of the
promoter (a), codes for a 3'-untranslated region in the transcript, said
3'-untranslated region comprising a combination of a nucleic acid sequence of
the 3'-untranslated region of Amino-Terminal Enhancer Of Split (AES) and a
nucleic acid sequence of the non-coding RNA of Mitochondrially Encoded 12S
RNA (MT-RNRT),

wherein the nucleic acid sequence of the 3'-untranslated region of AES
comprises or consists of a nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 86 to 89 or a nucleic acid sequence being at least
90% identical to a nucleic acid sequence selected from the group consisting of
SEQ ID NOs: 86 to 89, and

wherein the nucleic acid sequence of the non-coding RNA of MT-RNR1
comprises or consists of a nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 105 to 121 or a nucleic acid sequence being at least
90% identical to a nucleic acid sequence selected from the group consisting of
SEQ ID NOs: 105 to 121.
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Pharmaceutical composition containing a stabilised mMRNA optimised for
transiation in its coding regions
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2003-11-03 CHE D22l £5 US10568972
US2019/0134222
CUREVAC (DE)
G/C &2 X3}, 5'UTR, 3'UTR, ORF 78 &% mRNA Y X7

The invention relates to a pharmaceutical composition containing an mRNA which
is stabilised by sequence modifications in the translated region and is optimised
for the translation. The inventive pharmaceutical composition is especially suitable
as a vaccine and as a therapeutic agent for tissue repair. The invention also
relates to a method for determining sequence modifications used to stabilise
mMRNA and to optimise the translation of the same.

1. A pharmaceutical composition comprising at least one modified mRNA that
encodes at least one peptide or polypeptide, wherein the peptide or polypeptide
is biologically active or antigenic, and a pharmaceutically compatible carrier and/or
vehicle, wherein said modified mMRNA encoding the peptide or polypeptide
comprises an increase in Guanine/Cytosine (G/C) content relative to that of a wild
type mRNA encoding the peptide or polypeptide, wherein the modified wild type
mRNA and the modified mRNA encode a peptide or polypeptide comprising an
identical amino acid sequence; and/or wherein said modified mMRNA encoding the
peptide or polypeptide comprises a substitution wherein at least one codon
recognized by a rare cellular tRNA is replaced by a codon recognized by an
abundant cellular tRNA, and said abundant and rare cellular tRNAs recognize the

same amino acid.
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Nucleic acid comprising or coding for a histone stem—-loop and a poly(A)
sequence or a polyadenylation signal for increasing the expression of an
encoded protein
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KR10-1720063
histone stem loop Z¥, Z2A X

The present application describes a coding nucleic acid sequence, particularly a
messenger RNA (mRNA), comprising or coding for a histone stem-loop and a
poly(A) sequence or a polyadenylation signal and the use thereof for increasing
the expression of an encoded protein. It also discloses its use for the preparation
of a pharmaceutical composition, especially a vaccine e.g. for the use in the
treatment of tumours and cancer diseases, cardiovascular diseases, infectious
diseases, autoimmune diseases or genetic diseases, or in gene therapy. The
present invention further describes an in vitro transcription method, in vitro
methods for increasing the expression of a protein using the nucleic acid
comprising or coding for a histone stem-loop and a poly(A) sequence or a
polyadenylation signal and an ex vivo and in vivo method.

1. Nucleic acid sequence comprising or coding for

a) a coding region, preferably encoding a peptide or protein; provided that the
coding region does not code for histone proteins, reporter proteins selected from
EGFP and Luciferase and marker or selection proteins selected from alpha-Globin,
Galactokinase and Xanthine:guanine phosphoribosyl transferase (GPU)

b) at least one histone stem-loop, and

c) a poly(A) sequence or a polyadenylation signal.

KR10-1720063 (&1 2017-03-27)
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Nucleic acid comprising or coding for a histone stem-loop and a poly(a)
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sequence or a polyadenylation signal for increasing the expression of an
encoded therapeutic protein
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histone stem loop ZE%

The present application describes a coding nucleic acid sequence, particularly a
messenger RNA (mRNA), comprising or coding for a histone stem-loop and a
poly(A) sequence or a polyadenylation signal and the use thereof for increasing
the expression of an encoded protein. It also discloses its use for the preparation
of a pharmaceutical composition, especially a vaccine e.g. for the use in the
treatment of tumours and cancer diseases, cardiovascular diseases, infectious
diseases, autoimmune diseases or genetic diseases, or in gene therapy. The
present invention further describes an in vitro transcription method, in vitro
methods for increasing the expression of a protein using the nucleic acid
comprising or coding for a histone stem-loop and a poly(A) sequence or a
polyadenylation signal and an ex vivo and in vivo method.

1. Nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

c) a poly(A) sequence or a polyadenylation signal;

wherein said peptide or protein comprises a therapeutic protein or a fragment,
variant or derivative thereof, selected from

(i) therapeutic proteins for use in the treatment of metabolic or endocrine
disorders,

(i) therapeutic proteins for use in the treatment of blood disorders, diseases of
the circulatory system, diseases of the respiratory system, cancer or tumour
diseases, infectious diseases or immunedeficiencies,

(iii) therapeutic proteins used for hormone replacement therapy,

(iv) therapeutic proteins used for reprogramming of somatic cells into pluri- or
omnipotent stem cells,

(v) therapeutic proteins selected from adjuvant or immunostimulating proteins;
and

(vi) antibodies.

KR10-2072013 (31 ¥ 2020-01-31)

- 152 -



mRNA #HAl E58A Hiur ee

41

) - StLt O|&fe| HE|E E CHHEZ 2236l=, 2Y I,
- StLt O|9| S|lA=E A”H-FEx Gl

CC L

——

- 22l A) ME, A
- StLt O] ¢ S|AE A”R-ZFXE 50N 3 W2 ZEStAL A ESt= SHAO|H,
Oi7|M, i) EE i) St O[O BAE AH.-2ZE CFSO| BB (I) Ei
(HEFH MEiE|D,
I
2% A 2455 =354 v 29-F= 44
[No-2GN3s] [Ng(U/MNG.] [IN5 sCNg ;]
e Z= 2¢2
[EFet A ]
24 AA ALEE X8 AQ-Fx A4
NI-& [NO-ZGN3-S] [NO-I(U/T)NUAI] [N3<5CN0.2'] N]_&
LYJL*W_“# G v N ~ Aﬁ’_}
- 28N S 282 2H2
A 84 A oz
A7) 4 5,
A" 1 EE A" 2 A 22 (bordering element)?! N1y 2 1~672] No 2
20T % MYO|E, NS ZZ SYHOE A U, T, G X CREE M™gs
72U EE, = O|AS2 2 QEIE RAMZRE MEEE= 722QEE0[2;
A A H

o1 [NoGNaslE 24 AH 20F 3 MEY b 22 o NENORA,
5~7749] FEHLEISE O|Z0IT A% AYO|g,

Nooi= 0~27H2 NO2 O|Z0fZl 1% Ao, ojmf N

G U CREEH M¥EH: H2He

Mejgls 2 oE sol,

Nast 3~5742) NO2 O[20{T @iz Ao|m, ojuf N
G 9 CREEH M¥EH: SIYQES, Tt HS9 &
Meig|s 2 eE S0,

GE TOHzAl i 0] SAHZA, AIEIE i 0|9 AN ofsf Yol= xE
& QUE|, CHBE AH 2 Lf Ol MEY HEHQESQl AT oA o

242t EYNOZ A U, T,

2|
S REIE FANZFH

rl

2T MYZ [Nos(U/MNosl2 QA5 28 11t A" 2 AtO|of] QXIS MEZA,
3~5742] REREIEE ORI AL ME0|g|
N

.
Noss 22t SHHOZ 0-4712l NOZ O[RO{T ChE @i% Aolm, ojn N2
27t SYNOZ A U, T, G X CRRPE MHYEE FIQEE, TE 025
SEYQEIC QANERY MYEE R3YEco|D,



=
il
Hor,o
B

<
7!

~

K
0

o

iz

ARy MYRA,

.
(=]

L HHE o
= To— =

CC

i

2 [N3.5CNg-7]
5~7702] REYREIER O|FROZl HH MEO|g|

NEWS

=
—

TEUREIE FAMZEEH

0~2742| N Z Of

1
—

No-2

S REIE FANZFH

I

Y LE|E0[H,

a4

=

ofel FAAOf 2f

2 2E|

CC
o

AEIE & O]9 FAMZAM, FOt=4

=

TO=A2 A[E[EOf ofsy

= ol
—_

2y 53

At
(=]

Lf o<

ofnu

2 ALO[0|A &I

A

|, ofmj AE 1}

A
TS\)A

!

Sk
o=

70

IH

iy,
(V]
Z0
<
oK

]

<l

<0
1

u
u

4

4

u
u

U]
il

160

|

A ol MEM Moz 80%2 d5ds 7HAl

C
O

W)

g

e
CH T o| i

S
o7|M Kz CHHAEZ2 CI2o 8

Ab
(e}

-

o
1o

i

E=
w

xd

X

—_

Kl

i)

-

() CHAF 2= WZ2H| 22 X=20| A= K=

J4

Klo
i

iz

K| 20| AtEEL]
(i) 22 A QEO AFEZ= X2

A

(vi)

- 154 -



110 WO2013/120498

0 wamme

Nucleic acid comprising or coding for a histone stem—loop and a poly(a)
sequence or a polyadenylation signal for increasing the expression of an
encoded allergenic antigen or an autoimmune self—antigen
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The present invention relates to a nucleic acid sequence, comprising or coding
for a coding region, encoding at least one peptide or protein comprising an
allergenic antigen or an autoimmune self-antigen or a fragment, variant or
derivative thereof, at least one histone stem-loop and a poly(A) sequence or a
polyadenylation signal. Furthermore the present invention provides the use of the
nucleic acid for increasing the expression of said encoded peptide or protein. It
also discloses its use for the preparation of a pharmaceutical composition,
especially a vaccine, e.g. for use in the treatment of allergies or autoimmune
diseases. The present invention further describes a method for increasing the
expression of a peptide or protein comprising an allergenic antigen or an
autoimmune self-antigen or a fragment, variant or derivative thereof, using the
nucleic acid comprising or coding for a histone stem-loop and a poly(A)
sequence or a polyadenylation signal.

1. Nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

c) a poly(A) sequence or a polyadenylation signal;

wherein said protein or peptide antigen is an allergenic antigen or a fragment,
variant or derivative of said allergenic antigen, or an autoimmune self-antigen

asscociated with an autoimmune disease.
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Nucleic acid comprising or coding for a histone stem—loop and a poly(a)
sequence or a polyadenylation signal for increasing the expression of an
encoded tumour antigen
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histone stem loop Z&}

The present invention relates to a nucleic acid sequence, comprising or coding for
a coding region, encoding at least one peptide or protein comprising a tumour
antigen or a fragment, variant or derivative thereof, at least one histone
stem-loop and a poly(A) sequence or a polyadenylation signal. Furthermore the
present invention provides the use of the nucleic acid for increasing the
expression of said encoded peptide or protein. It also discloses its use for the
preparation of a pharmaceutical composition, especially a vaccine, e.g. for use in
the treatment of cancer or tumour diseases. The present invention further
describes a method for increasing the expression of a peptide or protein
comprising a tumour antigen or a fragment, variant or derivative thereof, using
the nucleic acid comprising or coding for a histone stem-loop and a poly(A)

sequence or a polyadenylation signal.

1. Nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

c) a poly(A) sequence or a polyadenylation signal; wherein said peptide or
protein comprises a tumour antigen a fragment, variant or derivative of said
tumour antigen.
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MAGE-B5, MAGE-B6, MAGE-B10, MAGE-B16, MAGE-B17, MAGE-C1, MAGE-C2,
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PTPRK/m, RAGE-1, RBAF600/m, RHAMM/CD168, RU1, RU2, S-100, SAGE, SART-1,
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Nucleic acid comprising or coding for a histone stem—loop and a poly(a)
sequence or a polyadenylation signal for increasing the expression of an
encoded pathogenic antigen
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The present invention relates to a nucleic acid sequence, comprising or coding for
a coding region, encoding at least one peptide or protein comprising a
pathogenic antigen or a fragment, variant or derivative thereof, at least one
histone stem-loop and a poly(A) sequence or a polyadenylation signal.
Furthermore the present invention provides the use of the nucleic acid for
increasing the expression of said encoded peptide or protein. It also discloses its
use for the preparation of a pharmaceutical composition, especially a vaccine, e.g.
for use in the treatment of infectious diseases. The present invention further
describes a method for increasing the expression of a peptide or protein
comprising a pathogenic antigen or a fragment, variant or derivative thereof,
using the nucleic acid comprising or coding for a histone stem-loop and a
poly(A) sequence or a polyadenylation signal.

1. Nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

c) a poly(A) sequence or a polyadenylation signal;

wherein said peptide or protein comprises a pathogenic antigen or a fragment,
variant or derivative thereof particularly an antigen from a pathogen associated
with infectious disease.
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Artificial nucleic acid molecules
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The invention relates to an artificial nucleic acid molecule comprising at least one
open reading frame and at least one 3'UTR element comprising a nucleic acid
sequence which is derived from the 3'UTR of an albumin gene or from a variant
of the 3'UTR of an albumin gene. The invention further relates to the use of such
an artificial nucleic acid molecule in gene therapy and/or genetic vaccination.
Furthermore, the invention relates to the use of a 3'UTR element comprising a
nucleic acid sequence which is derived from the 3'UTR of an albumin gene or
from a variant of the 3'UTR of an albumin gene for the stabilization and/or
prolongation of protein expression from a nucleic acid sequence comprising such
3'UTR element.

1. An artificial nucleic acid molecule comprising

a. at least one open reading frame (ORF);

b. at least one 3'-untranslated region element (3'UTR element) comprising a
nucleic acid sequence which is derived from the 3'UTR of an albumin gene or
from a variant of the 3'UTR of an albumin gene, wherein the variant of the 3'UTR
of an albumin gene is at least 80% identical to the naturally occurring 3' UTR the
variant is derived from, and

c. a histone stem-loop.
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Arfificial nucleic acid molecules for improved protein or peptide expression
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The invention relates to an artificial nucleic acid molecule comprising at least one
5'UTR element which is derived from a TOP gene, at least one open reading
frame, and preferably at least one histone stem-loop. Optionally the artificial
nucleic acid molecule may further comprise, eg. a poly(A)sequence, a
poyladenylation signal, and/or a 3'UTR. The invention further relates to the use of
such an artificial nucleic acid molecule in gene therapy and/or genetic vaccination.

1. An artificial nucleic acid molecule comprising:

a. at least one 5'-untranslated region element (5'UTR element) which comprises
CHEE TS or consists of a nucleic acid sequence which is derived from the 5'UTR of a TOP

gene or which is derived from a variant of the 5'UTR of a TOP gene; and

b. at least one open reading frame (ORF).
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Artificial nucleic acid molecules comprising a 5'TOP UTR
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The invention relates to an artificial nucleic acid molecule comprising at least one
5'UTR element which is derived from a TOP gene, at least one open reading
frame and optionally at least one 3'UTR element comprising a nucleic acid

29 sequence which is preferably derived from the 3'UTR of a gene providing a stable
mRNA, such as an albumin gene, or from a variant of the 3'UTR of a gene
providing a stable mRNA. The invention further relates to the use of such an
artificial nucleic acid molecule in gene therapy and/or genetic vaccination.

1. An artificial nucleic acid molecule comprising:

a. at least one 5'-untranslated region element (5'UTR element) which comprises
or consists of a nucleic acid sequence which is derived from the 5'UTR of a TOP
gene or which is derived from a variant of the 5'UTR of a TOP gene; and

b. at least one open reading frame (ORF).

EP2831240B1

1. An artificial nucleic acid molecule comprising:

a. at least one 5'-untranslated region element (5'UTR element) which comprises
or consists of a nucleic acid sequence, which consists of a continuous stretch of
nucleotides corresponding to a continuous stretch of nucleotides in the full-length
5'UTR of a TOP gene, which represents at least 80% of the full-length 5'UTR of a
TOP gene, or a nucleic acid sequence, which consists of a continuous stretch of
nucleotides corresponding to a continuous stretch of nucleotides in a variant of
the 5'UTR of a TOP gene, which represents at least 80% of the variant of the
5'UTR of a TOP gene, wherein the variant of the 5'UTR of a TOP gene is at least
80% identical to the naturally occuring 5'UTR, from which the variant is derived,
wherein the at least one 5'UTR element does not comprise a functional 5'TOP
motif;

b. at least one open reading frame (ORF); and

c. at least one 3'UTR element, which comprises or consists of a nucleic acid
sequence which consists of a continuous stretch of nucleotides corresponding to
a continuous stretch of nucleotides in the full-length 3'UTR of an albumin gene,
which represents at least 80% of the full-length 3'UTR of an albumin gene, or a
nucleic acid sequence which consists of a continuous stretch of nucleotides
corresponding to a continuous stretch of nucleotides in a variant of a 3'UTR of
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an albumin gene, which represents at least 80% of the variant of the 3'UTR of an
albumin gene, wherein the variant of the 3'UTR of an albumin gene is at least
80% identical to the naturally occuring 3'UTR the variant is derived from.
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Artificial nucleic acid molecules
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The invention relates to an artificial nucleic acid molecule comprising at least one
open reading frame and at least one 3'-untranslated region element (3'-UTR)
element comprising a nucleic acid sequence which is derived from the 3'-UTR of
a ribosomal protein gene. The invention further relates to the use of such an
artificial nucleic acid molecule in gene therapy and/or genetic vaccination.
Furthermore, the invention relates to the use of a 3'-UTR element comprising a
nucleic acid sequence which is derived from the 3'-UTR of a ribosomal protein
gene for enhancing, stabilizing and/or prolonging protein expression from a
nucleic acid sequence comprising such 3'-UTR element.

1. An artificial nucleic acid molecule comprising

a. at least one open reading frame (ORF); and

b. at least one 3'-untranslated region element (3'-UTR element) comprising a
nucleic acid sequence which is derived from the 3'-UTR of a ribosomal protein
gene or from a variant of the 3'-UTR of a ribosomal protein gene.

EP3090053B1

1. An artificial nucleic acid molecule comprising

a. at least one open reading frame (ORF);

b. at least one 3'-untranslated region element (3'-UTR element) comprising a
nucleic acid sequence which is derived from the 3'-UTR of a ribosomal protein
gene or from a functional variant of the 3'-UTR of a ribosomal protein gene,
wherein said functional variant is at least 80% identical to said 3'-UTR of a
ribosomal protein gene; and

c. a 5-UTR as an additional 5'-terminal element, wherein the 5-UTR is a 5'
TOP-UTR, which does not comprise a 5'-TOP motif.
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Artificial nucleic acid molecules

0
12

Hl
ot
-4

0%

2013-12-30
2015-07-09 e {2 55
CUREVAC (DE)
3UTRO| 2|EE |RTXZREEH i

The invention relates to an artificial nucleic acid molecule comprising at least one
open reading frame and at least one 3'-untranslated region element (3'-UTR
element) comprising a nucleic acid sequence which is derived from the 3'-UTR of
a FIG4 gene or from a variant of the 3'-UTR of a FIG4 gene. The invention
further relates to the use of such an artificial nucleic acid molecule in gene
therapy and/or genetic vaccination. Furthermore, the invention relates to the use
of a 3'-UTR element comprising a nucleic acid sequence which is derived from
the 3'-UTR of a FIG4 gene or from a variant of the 3'-UTR of a FIG4 gene for
the stabilization and/or prolongation of protein expression from a nucleic acid
sequence comprising such 3'-UTR element.

1. An artificial nucleic acid molecule comprising

a. at least one open reading frame (ORF); and

b. at least one 3'-untranslated region element (3'-UTR element) comprising a
nucleic acid sequence which is derived from the 3'-UTR of a FIG4 gene or from a
variant of the 3'-UTR of a FIG4 gene.

EP3415629A1

1. An artificial nucleic acid molecule comprising

a. at least one open reading frame (ORF); and

b. at least one 3'-untranslated region element (3'-UTR element) comprising a
nucleic acid sequence according to SEQ ID NO: 1 or 2, or a functional fragment
or a functional variant thereof, wherein the functional fragment or the functional
variant has an identity of at least 60% to the nucleic acid sequence according to
SEQ ID NO: 1 or 2, wherein the open reading frame (ORF) and the 3'-UTR
element are heterologous to each other,

for use as a medicament.
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Arfificial nucleic acid molecules for improved protein expression
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The invention relates to an artificial nucleic acid molecule comprising an open
reading frame and a 3'-UTR comprising at least one poly(A) sequence or a
polyadenylation signal. The invention further relates to a vector comprising the
artificial nucleic acid molecule comprising an open reading frame and a 3'-UTR
comprising at least one poly(A) sequence or a polyadenylation signal, to a cell
comprising the artificial nucleic acid molecule or the vector, to a pharmaceutical
composition comprising the artificial nucleic acid molecule or the vector and to a

25 kit comprising the artificial nucleic acid molecule, the vector and/or the

pharmaceutical composition. The invention also relates to a method for increasing
protein production from an artificial nucleic acid molecule and to the use of a
3'-UTR for a method for increasing protein production from an artificial nucleic
acid molecule. Moreover, the invention concerns the use of the artificial nucleic
acid molecule, the vector, the kit or the pharmaceutical composition as a
medicament, as a vaccine or in gene therapy.
1. Artificial nucleic acid molecule comprising

a) at least one open reading frame (ORF); and

b) a 3'-untransiated region (3'-UTR) comprising

b)i) at least one poly(A) sequence, wherein the at least one poly(A) sequence
comprises at least 70 adenine nucleotides, or

b)ii) a polyadenylation signal

for use as a medicament, as a vaccine or for use in gene therapy.

ChEH T

EP3708668A1

1. Artificial nucleic acid molecule comprising

a) at least one open reading frame (ORF); and

b) a 3'-untranslated region (3'-UTR) comprising at least two separate poly(A)
sequences, wherein the total number of adenine nucleotides comprised by the at
least two separate poly(A) sequences is at least 70 adenine nucleotides, for use
as a medicament, for use as a vaccine or for use in gene therapy.
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The invention relates to an artificial nucleic acid molecule comprising at least one
open reading frame and at least one 3'-untranslated region element (3'-UTR
element) and/or at least one 5'-untranslated region element (5'-UTR element),
wherein the at least one 3'-UTR element and/or the at least one 5'-UTR element
prolongs and/or increases protein production from said artificial nucleic acid
molecule and wherein the at least one 3'-UTR element and/or the at least one
5'-UTR element is derived from a stable mRNA. The invention further relates to
the use of such an artificial nucleic acid molecule in gene therapy and/or genetic
vaccination. Furthermore, methods for identifying a 3'-UTR element and/or a
5'-UTR derived from a stable mRNA element are disclosed.

1. An artificial nucleic acid molecule comprising

a. at least one open reading frame (ORF); and

b. at least one 3'-untranslated region element (3'-UTR element) and/or at least
one 5'-untranslated region element (5'-UTR element), wherein the at least one
3'-UTR element and/or the at least one 5'-UTR element prolongs and/or increases
protein production from said artificial nucleic acid molecule and wherein the at
least one 3'-UTR element and/or the at least one 5'-UTR element is derived from
a stable mRNA.
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The invention relates to an artificial nucleic acid molecule comprising at least one
open reading frame and at least one 3'-untranslated region element (3'-UTR
element) and/or at least one 5'-untranslated region element (5'-UTR element),
wherein said artificial nucleic acid molecule is characterized by high translation

R 9F efficiency. The translation efficiency is contributed, at least in part, by the 5'-UTR
element or the 3'-UTR element, or both of the 5-UTR element and the 3'-UTR
element. The invention further relates to the use of such an artificial nucleic acid
molecule in gene therapy and/or genetic vaccination. Furthermore, novel 3'-UTR
elements and 5'-UTR elements are provided.

1. An artificial nucleic acid molecule comprising

a. at least one open reading frame (ORF); and

b. at least one 3'-untranslated region element (3'-UTR element) and/or at least
one 5'-untranslated region element (5'-UTR element),

wherein said artificial nucleic acid molecule is characterized by high translation
efficiency.

- 172 -



121 WO2017/081082 EBEEEETT

Optimized nucleic acid molecules

M 2015-11-09
o US2018/0312545
S 2017-05-18 OE oz £
o= = US2020/0399322
=zlel CUREVAC (DE)
=Q EX Qdb X 5'UTR-ORF-3'UTR-tail, G/C modified St MG

The present invention provides optimized nucleic acid molecules, methods for
optimization of nucleic acid molecules and uses of optimized nucleic acid
molecules. A modular design principle is provided that is suitable to generate a
nucleic acid, particularly mRNA, which is tailored for a respective application. The
nucleic acid molecules of the present invention can be obtained by the versatile
combination of multiple modules on nucleic acid level. Such nucleic acid, e.g.
mRNA, can be tailored by combining one or more modules, comprising (i) a
nucleic acid moiety encoding a polypeptide of interest (e.g. a protein potentially
producing a therapeutic outcome) and (i) at least one further coding or
non-coding nucleic acid moiety, e.g. selected among nucleic acid moieties
encoding a polypeptide element, such as a secretory signal peptide (SSP), a

Q9 multimerization  element  (dimerization,  trimerization, tetramerization and
oligomerization), a virus like particle (VLP) forming element, a transmembrane
element, a dendritic cell targeting element, an immunological adjuvant element,
an element promoting antigen presentation; a 2A peptide; a peptide linker
element, elements that extend protein half-life, and/or any other polypeptide or
protein. Non-coding nucleic acid moieties may be selected e.g. from the group
comprising 3'-UTR, 5'-UTR, IRES element, miRNA moiety, histone stem loop,
poly(C) sequence, polyadenylation signal, polyA-sequence. The optimized nucleic
acid molecule can further be characterized by the presence of at least one
modified nucleoside. The versatility of the present invention allows for rational
design of a large variety of different nucleic acid molecules with desired
properties.

1. Nucleic acid molecule comprising at least two modules,

wherein each module is a nucleic acid moiety,

wherein at least one module is an open reading frame (ORF) encoding a
CHEE T2 polypeptide or protein of interest, and wherein at least one module is selected

from (i) a further module encoding a polypeptide or protein element (coding

module) and (i) a module not encoding a polypeptide or protein element

(non-coding module).
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The present invention provides artificial nucleic acid molecules comprising novel
combinations of 5' and 3' untranslated region (UTR) elements. The inventive
nucleic acid molecules are preferably characterized by increased expression
efficacies of coding regions operably linked to said UTR elements. The artificial
nucleic acids can be used for treatment or prophylaxis of various diseases. The
invention further provides (pharmaceutical) compositions, vaccines and kits
comprising said artificial nucleic acid molecules. Further, in vitro methods for
preparing artificial nucleic acid molecules according to the invention are provided.

1. An artificial nucleic acid molecule comprising

a. at least one 5' untranslated region (5' UTR) element derived from a 5' UTR of
a gene selected from the group consisting of HSD17B4, ASAH1, ATP5A1, MP6S,
NDUFA4, NOSIP, RPL31, SLC7A3, TUBB4B and UBQLNZ2;

b. at least one 3' untranslated region (3' UTR) element derived from a 3' UTR of
a gene selected from the group consisting of PSMB3, CASP1, COX6B1, GNAS,
NDUFA1 and RPS9; and optionally

c. at least one coding region operably linked to said 5' UTR and said 3' UTR.
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The present invention is directed to a method for modifying the retention time of
RNA on a chromatographic column. The present invention also concerns a
method for purifying RNA from a mixture of at least two RNA species.
Furthermore, the present invention relates to a method for co-purifying at least
two RNA species from a mixture of at least two RNA species. In particular, the
present invention provides a method for harmonizing the numbers of A and/or U
nucleotides in at least two RNA species. The present invention is also directed to
RNA obtainable by said methods, a composition comprising said RNA or a
vaccine comprising said RNA and methods for producing such RNA and
compositions. Further, the invention concerns a kit, particularly a kit of parts,
comprising the RNA, composition or vaccine. The invention is further directed to
a method of treating or preventing a disorder or a disease, first and second
medical uses of the RNA, composition and vaccine. Moreover, the present
invention concerns a method for providing an adapted RNA sequence or an
adapted RNA mixture.

1. Method for modifying the retention time of RNA on a chromatographic
column, wherein the method comprises a step of adapting the RNA sequence by
altering the number of A and/or U nucleotides in the RNA sequence with respect
to the number of A and/or U nucleotides in the original RNA sequence.
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Method for producing RNA
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The present invention relates to a method for producing RNA. In particular, the
present invention relates to a method for producing RNA, which is scalable and
provides RNA at a high purity. The present invention provides a method for

Qor producing RNA under GMP and/or cGMP-compliant conditions. The invention
further provides specific processes for use as a quality control in the
manufacturing of a template DNA and/or in a method for producing RNA, in
particular by in vitro transcription.

1. A method for producing purified RNA comprising the following steps:

a) providing a template DNA comprising a nucleic acid sequence encoding an
RNA sequence,

b) in vitro transcription of the template DNA in order to obtain a composition
comprising the RNA;

wherein the method comprises

at least one step for controlling the quality of the template DNA provided in
step a),

wherein the at least one step for controlling the quality of the template DNA
comprises at least one selected from the group consisting of determining the
concentration of the template DNA in a sample, determining the integrity of the
template DNA, determining the identity of the template DNA, and determining
the purity of the template DNA;

and/or

at least one step for controlling the quality of the RNA obtained in step b),
wherein the at least one step for controlling the quality of the RNA obtained in
step b) comprises at least one step selected from the group consisting of
determining the concentration of the RNA in a sample, determining the integrity
of the RNA, determining the identity of the RNA, determining the purity of the
RNA, determining the pH of a sample comprising the RNA, determining the
osmolality of a sample comprising the RNA, determining the presence and/or the
amount of the template DNA in a sample comprising the RNA, and determining
the presence and/or the amount of an organic solvent in a sample comprising
the RNA.
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The present invention is concerned with a method of producing a target RNA
using a circular DNA, wherein said method does not comprise a step of
linearizing said circular DNA. The present invention further relates to a circular
DNA comprising an RNA polymerase promoter sequence, followed by a sequence

29 encoding a target RNA, followed by a sequence encoding a self-cleaving
ribozyme, followed by an RNA polymerase terminator sequence element, wherein
the latter element may comprise several RNA polymerase terminator sequences.
Multimeric DNA obtained by rolling circle amplification of said circular DNA is
also within the scope of the present invention.

1. A method of producing a linear target RNA comprising the steps of:

a) providing a circular DNA as template DNA comprising the following

sequence elements from 5' to 3' :

i. an RNA polymerase promoter sequence operably linked to

ii. a sequence encoding said target RNA operably linked to

iii. a sequence encoding a self-cleaving ribozyme, wherein said self-cleaving
CHEE T ribozyme cleaves close to or at its 5' end, operably linked to

iv. an RNA polymerase terminator sequence element; and

b) in vitro transcription of said template DNA to obtain said target RNA;

¢) purifying said target RNA by at least one purification step in order to obtain

purified target RNA;

wherein said method does not comprise a step of linearizing said circular

DNA provided in step a).
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Linear double stranded DNA coupled to a single support or a tag and
methods for producing said linear double stranded DNA
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The present invention is concerned with linear double stranded DNA, which is
coupled to a single support or a tag at the 3' end of its non-coding strand and
methods for producing said linear double stranded DNA. The present invention
further relates to the use of said linear double stranded DNA in an RNA in vitro
transcription reaction and also to a method for producing RNA in vitro. The
present invention also relates to a bioreactor for RNA in vitro transcription.

1. A linear double stranded DNA comprising a coding strand and a non-coding
strand, wherein said DNA comprises

(i) a coding sequence element encoded by the coding strand in the direction of
from 5' to 3' of the coding strand and

(i) an RNA polymerase promotor sequence element upstream of the coding
sequence element, wherein said non-coding strand is coupled at its 3' end to a
support or a tag, and wherein said support or tag is the only support or tag
coupled to said DNA.
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Immunogenic preparations and vaccines on the basis of RNA
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The present invention relates to the field of vaccination and immune stimulation
g oF by the use of nucleic acids, in particular RNA, coding for one or more antigens

of pathogenic micro organisms.

1. An immunogenic preparation comprising mature mRNA coding for at least one

antigen of a pathogenic agent.
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The invention relates to compositions and methods for the manufacture and
29 optimization of modified mMRNA molecules via optimization of their terminal

architecture.

1. A synthetic isolated terminally optimized mRNA comprising

(@) a first region of linked nucleosides encoding a polypeptide of interest;

(b) a first terminal region located 5 ' relative to said first region comprising at
least one translation enhancer element (TEE);

(c) a second terminal region located 3 ' relative to said first region; and

il
Hl
ot
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oot

(d) a 3' tailing region of linked nucleosides.
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Terminally modified RNA
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The present invention relates to compositions, methods and kits using cell
phenotype altering polynucleotides, cell phenotype altering primary transcripts and
cell phenotype altering mmRNA molecules.The invention relates to compositions,
29 methods and kits using modified RNA to alter the phenotype of cells. The
modified RNA of the invention may encode peptides, polypeptides or multiple
proteins. The modified RNA of the invention may also be used to alter the
phenotype of cells to produce cell phenotype altering polypeptides of interest.

1. A method for altering cell phenotype comprising contacting a cell with a

composition comprising at least a first and a second cell phenotype altering

polynucleotide, wherein each of said first cell phenotype altering polynucleotide

and said second cell phenotype altering polynucleotide comprise:

(a) a first region of linked nucleosides, said first region encoding a cell phenotype

altering polypeptide selected from the group consisting of SEQ ID NOs: 269-394;

(b) a first flanking region located at the 5' terminus of said first region

comprising;

(i) a sequence of linked nucleosides selected from the group consisting of the
CHEE T native 5' untranslated region (UTR) of any of SEQ ID NOs: 269-394, SEQ ID NO:

1 and functional variants thereof;

(c) a second flanking region located at the 3' terminus of said first region

comprising;

(i) a sequence of linked nucleosides selected from the group consisting of the

native 3' UTR of any of SEQ ID NOs: 269-394, SEQ ID NOs 2-7 and functional

variants thereof; and

(i) a 3' tailing sequence of linked nucleosides;

wherein the first region of linked nucleosides comprises at least a first modified

nucleoside.
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Long-lived polynucleotide molecules
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Fa £F ORF-carboxy terminal longevity enhancing

The invention relates to compositions and methods for the preparation,
L2kl manufacture and therapeutic use of long-lived polynucleotides, primary transcripts

and mRNA molecules.

1. An isolated codon optimized mRNA, wherein said mRNA comprising a nucleic

acid sequence encoding
(@) a polypeptide of interest; and
(b) a first longevity enhancing sequence.
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Heterologous untransiated regions for mRNA

M 2013-03-09
S/HE 20014-10-09 e ez £
3§l MODERNA (US)

Fa £F "t AX 5'UTR-ORF-3'UTR-tail

The invention relates to compositions and methods for the manufacture and
optimization of modified mMRNA molecules via optimization of their terminal
architecture. Described herein are compositions and methods for the manufacture
and optimization of modified MRNA molecules via alteration of the terminal
architecture of the molecules. Specifically disclosed are methods for increasing or
altering protein production or localization by altering the 5 'UTR of modified
mRNAs. In one aspect, provided is a synthetic isolated RNA comprising a first
region of linked nucleosides encoding a polypeptide of interest, a first flanking
region located at the 5' terminus of the first region, a second flanking region
located at the 3' terminus of the first region and a 3' tailing region of linked
nucleosides. Any of the first region, first flanking region, second flanking region
or a 3' tailing region may comprise at least one modified nucleoside.

1. A synthetic isolated RNA comprising:

(@) a first region of linked nucleosides encoding a polypeptide of interest;

(b) a first flanking region located at the 5' terminus of said first region, wherein
said first flanking region comprises a heterologous 5'UTR relative to the said first
region of linked nucleosides encoding a polypeptide of interest, with the proviso
that said heterologous 5'UTR is not derived from the beta-globin gene;

(c) a second flanking region located at the 3' terminus of said first region; and
(d) a 3' tailing region of linked nucleosides.
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Modified nucleic acid molecules and uses thereof
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The present disclosure provides modified nucleosides, nucleotides, and nucleic

acids, and methods of using them

1. A polynucleotide, wherein at least two bases are 5-trifluoromethyl-cytosine and
1-methyl-pseudo-uracil;  5-hydroxymethyl-cytosine and  1-methyl-pseudo-uracil;
5-bromo-cytosine and 1-methyl-pseudo-uracil;  5-trifluoromethyl-cytosine and
pseudo-uracil; 5-hydroxymethyl-cytosine and pseudo-uracil; 5-bromo-cytosine and
pseudo-uracil; cytosine and 5-methoxy-uracil; 5-methyl-cytosine and
5-methoxy-uracil; 5-trifluoromethyl-cytosine and 5-methoxy-uracil;
5-hydroxymethyl-cytosine  and  5-methoxy-uracil;, or 5-bromo-cytosine and

5-methoxy-uracil.
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Terminal modifications of polynucleotides
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The present invention relates to compositions and methods for the preparation,
manufacture and therapeutic use of polynucleotides comprising at least one

terminal modification.

A polynucleotide comprising

(a) a first region of linked nucleosides encoding a polypeptide of interest;

(b) a first terminal region located 5' relative to said first region comprising a 5'
untranslated region;

(c) a second terminal region located 3' relative to said first region; and

(d) a tailing region,

wherein the 5' untranslated region is a synthetic 5' untranslated region having a
length of 3 - 13 nucleotides.
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Multiparametric nucleic acid optimization
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The present disclosure provides multiparametric codon optimization methods to
improve at least a property in a candidate nucleic acid sequence. Such
parameters include improving nucleic acid stability (e.g., mRNA stability), increasing
translation efficacy in the target tissue, reducing the number of truncated proteins
expressed, improving the folding or prevent misfolding of the expressed proteins,
reducing toxicity of the expressed products, reducing cell death caused by the
expressed products, and increasing or decreasing protein aggregation. After such
optimization, the resulting optimized nucleic acid sequence has at least one
optimized property with respect to the candidate nucleic acid sequence.

1. A multiparametric method for optimizing a candidate nucleic acid sequence,
the method comprising at least one optimization method selected from:

(i) modifying at least one subsequence in the candidate nucleic acid sequence to
generate a ramp subsequence;

(i) substituting at least one codon in the candidate nucleic acid sequence with an
alternative codon to increase or decrease uridine content to generate a
uridine-modified sequence;

(iii) substituting at least one codon in the candidate nucleic acid sequence or the
uridinemodified sequence with a faster recharging codon;

(iv) substituting at least one codon in the candidate nucleic acid sequence with
an alternative codon having a higher codon frequency in the synonymous codon
set;

(v) substituting at least one natural nucleobase in the candidate nucleic acid
sequence with an alternative synthetic nucleobase;

(vi) substituting at least one internucleoside linkage in the candidate nucleic acid
sequence with a non-natural internucleoside linkage; and,

(vii) combinations thereof.

wherein the resulting optimized nucleic acid sequence has at least one optimized
property with respect to the candidate nucleic acid sequence.
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Alternative nucleic acid molecules containing reduced uracil content and

uses thereof
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The present disclosure provides alternative nucleosides, nucleotides, and nucleic
acids, and methods of using them. In some aspects, the disclosure provides
mMRNA wherein the wuracil content has been modified and which may be
particularly effective for use in therapeutic compositions, because they may benefit
from both high expression levels and limited induction of the innate immune
response. In some aspects, the disclosure provides methods for the production of
pharmaceutical  compositions  including mRNA  without reverse phase
chromatography.

1. An mRNA encoding a polypeptide of interest and comprising an open reading
frame, wherein

(@) the wuracil content of said mRNA is less than 20% of the total nucleotide
content in the open reading frame; and

(b) at least 90% of the uracils in said open reading frame are 5-methoxy-uracil.
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Terminal modifications of polynucleotides
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The present invention relates to compositions and methods for the preparation,
manufacture and therapeutic use of polynucleotides comprising at least one
terminal modification. Described herein are polynucleotides comprising at least
29 one terminal modification, methods, processes, kits and devices using the
polynucleotides comprising at least one terminal modification in one or more
untranslate regions. Such untranslated regions may be a 5' or 3' untranslated

region.

1. A polynucleotide comprising

(a) a first region of linked nucleosides encoding a polypeptide of interest;

(b) a first terminal region located 5' relative to the region of (a), said first
terminal region comprising a 5' untranslated region (UTR);

(c) a second terminal region located 3' relative to the region of (a), said second
terminal region comprising a 3' untranslated region (UTR); and

(d) a tailing region

wherein the 5' untranslated region is a purine rich 5'UTR.
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Heterologous UTR sequences for enhanced mRNA expression

TR
SHE 2017-06-15 CHE DjR2| 53 US2018/0353618
EgaAd MODERNA (US)
T8/ 54 ZX(liver) SO|H &olst= RS 5'UTR 3'UTR AHE
mRNAs containing an exogenous open reading frame (ORF) flanked by a 5'
untranslated region (UTR) and a 3' UTR is provided, wherein the 5' and 3' UTRs
29 are derived from a naturally abundant mRNA in a tissue. Also provided are
methods for identifying the 5' and 3" UTRs, and methods for making and using
the mRNAs.
1. An mRNA, comprising an open reading frame (ORF) flanked by a heterologous
CHE A st 5' untranslated region (UTR) and/or a heterologous 3' UTR, wherein the 5' UTR

and/or the 3' UTR are derived from mRNA that is naturally abundant in a tissue

of interest.
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Polyribonucleotides containing reduced uracil content and uses thereof
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The invention related to polyribonucleotides comprising an open reading frame of
linked nucleosides encoding a polypeptide of interest (e.g, a therapeutic
polypeptide), isoforms thereof, functional fragments thereof, and fusion proteins
comprising the polypeptide. In some embodiments, the open reading frame is
sequence-optimized. In  particular embodiments, the invention provides
sequence-optimized polyribonucleotides comprising nucleotides encoding the
sequence of the polypeptide of interest, or sequence having high sequence
identity with those sequence optimized polyribonucleotides.

A polyribonucleotide comprising an open reading frame (ORF) encoding a
therapeutic polypeptide, wherein the uracil content of the ORF relative to the
theoretical minimum uracil content of a nucleotide sequence encoding the

CHEE TS therapeutic polypeptide (%UTM), is between about 100% and about 150%; and
wherein at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 90%, at least about 95%, at least about 99%, or 100%
of the uracils are 5-methoxyuracils.
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The disclosure relates to synthetic thermostable polynucleotides, as well as
methods of synthesizing and delivering the polynucleotides.

1. A synthetic thermostable mRNA comprising:
a nucleic acid having a primary sequence and including at least a portion of an
open reading frame (ORF), wherein each nucleotide of the nucleic acid has a
defined chemistry, wherein the primary sequence and the chemistry of the
CHEME TS nucleotides contribute to a thermostable mRNA structure having a mRNA
minimum free energy (MFE) value; a 5' flexible region that comprises a 5'UTR,
wherein the flexible region comprises the first 30 nucleotides of the ORF linked
to the 3' end of the 5'UTR; and wherein the mRNA MFE value is less than a
median distribution MFE value of a synonymous variant mRNA.
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Modified messenger RNA comprising functional RNA elements
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The present disclosure provides messenger RNAs (mRNAs) having chemical and/or
ieiel; structural modifications, including RNA elements and/or modified nucleotides,
which provide a desired translational regulatory activity to the mRNA.

1. A messenger RNA (mRNA) comprising

(i) a 5 untranslated region (UTR) comprising at least one RNA element that

provides a translational regulatory activity;

(i) a full open reading frame comprising an initiation codon and encoding a

polypeptide; and

(iii) a 3" UTR,

wherein the at least one RNA element is a GC-rich RNA element comprising

guanine (G) and cytosine (C) nucleobases and, optionally, adenine (A) and uracil

(U) nucleobases, or derivatives or analogs thereof, wherein the GC-rich RNA

element is at least 50% or greater cytosine (C) nucleobases and is at least 6

nucleotides in length, wherein the GC-rich RNA element is located about 20-30

nucleotides, about 10-20 nucleotides, or about 6-10 nucleotides upstream of the
CHEE T initiation codon in the 5 UTR, and wherein the translational regulatory activity is

selected from the group consisting of:

(a) inhibits or reduces leaky scanning of the mRNA by the PIC or ribosome;

(b) increases an amount of a polypeptide translated from the full open reading

frame;

(c) increases initiation of polypeptide synthesis at or from the initiation codon;

(d) inhibits or reduces initiation of polypeptide synthesis at any codon within the

mMRNA other than the initiation codon;

(e) inhibits or reduces an amount of polypeptide translated from any open

reading frame within the mRNA other than the full open reading frame;

(f) inhibits or reduces translation of truncated or aberrant translation products

from the mRNA; and

(g) a combination of any of (a)-(f).
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Messenger RNA comprising functional RNA elements
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The present disclosure provides messenger RNAs (mRNAs) having chemical and/or
Qor structural modifications, including RNA elements and/or modified nucleotides, in
of

particular C-rich or CG-rich elements, which provide a desired translational
regulatory activity to the mRNA.

1. A messenger RNA (mRNA), wherein the mRNA comprises: a 5'cap, a
S'untranslated region (UTR), an initiation codon, a full open reading frame (ORF)
encoding a polypeptide, and a 3" UTR, wherein the 5 UTR comprises a C-rich
RNA element located proximal to the 5' cap, wherein the C-rich RNA element
comprises a sequence of linked nucleotides, or derivatives or analogs thereof,
wherein each nucleotide comprises a nucleobase selected from the group
consisting of: adenine, guanine, thymine, uracil, and cytosine, linked in any order,
and wherein the C-rich RNA element provides a translational regulatory activity
selected from:
a. increasing residence time of a 43S pre-initiation complex (PIC) or ribosome at,
or proximal to, the initiation codon;

HEE T b. increasing initiation of polypeptide synthesis at or from the initiation codon;
c. increasing an amount of polypeptide translated from the full ORF;
d. increasing fidelity of initiation codon decoding by the PIC or ribosome;
e. inhibiting or reducing leaky scanning by the PIC or ribosome;
f. decreasing a rate of decoding the initiation codon by the PIC or ribosome;
g. inhibiting or reducing initiation of polypeptide synthesis at any codon within
the mRNA other than the initiation codon;
h. inhibiting or reducing the amount of polypeptide translated from any ORF
within the mRNA other than the full ORF;
i. inhibiting or reducing the production of aberrant translation products;
j. increasing ribosomal density on the mRNA; and
k. a combination of any of (a)-(j).
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Endonuclease—resistant messenger RNA and uses thereof
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The present disclosure provides messenger RNAs (mRNAs) with alterations which
Qorf provide increased endonuclease resistance to the mRNA and methods and uses
thereof.

1. A method of increasing stability of an mRNA, comprising:

(i) providing an mRNA comprising at least one endonuclease sensitive sequence
motif, wherein the endonuclease sensitive sequence motif comprises the
nucleotide sequence WGA, wherein W = adenine (A) or uracil (U); and

(i) altering the at least one endonuclease sensitive sequence motif, thereby
increasing stability of the mRNA.
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Messenger RNA comprising functional RNA elements and uses thereof

P 2019-06-24
S 2020-12-30 E {2 E3
Eaiud MODERNA (US)
=g ex  RNA 82500 152571 it FFH2 AZ, YAH(FE RNA 2= OIF stem 4-7 bp
T e (50% gc pair), TF2L7LEL loop 3-8 bp 58 7tA. MEZ MY
The prescent disclosure provides messenger RNAs (mRNAs) having chemical
and/or structural modifications, including RNA elements and/or modified
2 9oF nucleotides, which provide desirable regulation of mRNA localization, stability,
and/or translation to yield increased mRNA expression and activity of an encoded
polypeptide.
1. An mRNA comprising:
a5 cap;
a 5 UTR comprising a structural RNA element comprising a stem-loop;
an ORF encoding a polypeptide; and
a 3' UTR,
wherein the structural RNA element comprises a sequence of 15-25 linked
nucleotides, wherein each nucleotide comprises a nucleobase selected from the
CHE A8t group consisting of: adenine, guanine, thymine, uracil, and cytosine, or derivatives

or analogs thereof, and wherein the structural RNA element comprises (i) a
double-stranded stem of about 4-7 base pairs comprising at least 50% G/C base
pairs; (i) a single-stranded loop of about 3-8 nucleotides; (iii) a deltaG (DG)
about -10 to -15 kcal/mol, and, optionally, (iv) a nucleotide sequence which
differs from SEQ ID NO: 6 or SEQ ID NO: 47 by substitution, deletion or insertion
of 1, 2, 3, 4, or 5 nucleotides or a nucleotide sequence at least 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99% identical to the nucleotide sequence of SEQ ID NO:
6 or the nucleotide sequence of SEQ ID NO: 47.
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Prefusion coronavirus spike proteins and their use
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Coronavirus S ectodomain trimers stabilized in a prefusion conformation, nucleic
acid molecules and vectors encoding these proteins, and methods of their use
and production are disclosed. In several embodiments, the coronavirus S
ectodomain trimers and/or nucleic acid molecules can be used to generate an
immune response to coronavirus in a subject. In additional embodiments, the
therapeutically effective amount of the coronavirus S ectodomain trimers and/or
nucleic acid molecules can be administered to a subject in a method of treating

or preventing coronavirus infection.

1. An immunogen, comprising:
a recombinant coronavirus S ectodomain trimer comprising protomers comprising

in]
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-
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one or two proline substitutions at or near a junction between a heptad repeat 1
(HRl) and a central helix that stabilize the S ectodomain trimer in a prefusion

conformation.
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Improved processes for in vitro transcription of mRNA
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The present invention provides methods for preparing optimized DNA sequences
as templates for in vitro transcription of mRNA. These DNA sequences are
optimized to avoid premature termination of transcription by RNA polymerase.

Q Ok
B The invention also provides methods for preparing optimized DNA sequences that

include one or more termination signal at their 3' end to reduce or prevent
non-templated "runoff" transcription.
1. A method for preparing an optimized DNA sequence encoding a protein as a
template for in vitro transcription, said method comprising:
a. providing a DNA sequence that comprises a protein coding sequence;
b. determining the presence of a termination signal in the DNA sequence,
wherein the termination signal has the following nucleic acid sequence:

HEA TS 5'-XIATCTX2TX3-3', wherein Xi, X2 and X3 are independently selected from A, C, T

or G; and

c. if one or more termination signal is present, modifying the DNA sequence by
replacing one or more nucleic acids at any one of position 2, 3, 4, 5 and 7 of
said termination signal(s) with any one of the other three nucleic acids to
generate the optimized DNA sequence, wherein, if required, the one or more
replacement nucleic acids are selected to preserve the amino acid sequence of
the protein encoded by the protein coding sequence.
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This invention provides a range of translatable messenger UNA (mUNA)
molecules. The mMUNA molecules can be translated in vitro and in vivo to provide
an active polypeptide or protein, or to provide an immunization agent or vaccine

QOF

B component. The mUNA molecules can be used as an active agent to express an
active polypeptide or protein in cells or subjects. Among other things, the mUNA
molecules are useful in methods for treating rare diseases.
1. A messenger unlocked nucleic acid (mUNA) molecule, comprising:
one or more unlocked nucleic acid (UNA monomers), each independently having
a structure of the formula

R1
st\ojl\/
2
0]
Base o) TR?
3
CHEA TS wherein R1 and R2 are each independently H or a phosphodiester linkage,

Base is a nucleobase selected from the group consisting of uracil, thymine,
cytosine, 5-methylcytosine, adenine, guanine, inosine, pseudouracil,
1-methylpseudouracil, and 5-methoxyuracil, and

R3 is selected from the group consisting of -OR4, -SR4, -N(R4)2, -NH(C=0)R4,
morpholino, morpholin-1-yl, piperazin-1-yl, or 4-alkanoyl-piperazin-1-yl;

each R4 is independently selected from the group consisting of H, alkyl, a
cholesterol, a lipid molecule, a polyamine, an amino acid, and a polypeptide;
and nucleic acid monomers,
wherein the mUNA molecule is translatable to express a polypeptide or protein.
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What is described is a trinucleotide cap analog comprising m7G(5")p3-N1pN2 for
increased efficiency of in vitro transcription of m7G(5)p3-RNA, wherein m7G is
N7- methylguanosine or analog, (5)p3 is a 5'5'-triphosphate bridge, and N1 or
N2 or both ribonucleotide analogs linked to each other by a phosphate, p, and
wherein the trinucleotide cap analog increases the efficiency of in vitro
transcription.

1. A compound of formula m’G(5")p3(5)N1pN,,

wherein m’G is a ribonucleotide consisting of N’-methylguanine and a ribose;
wherein (59ps(5') is a 5' to 5' triphosphate linkage, and

wherein N1 and N, are ribonucleotides, wherein one or both of Ny and N; consist
of a base selected from N°®-methyladenine, N'-methyladenine, pseudouruacil,
N'-methylpseudouracil, ~ 5-iodouracil, ~ 4-thiouracil, ~ 2-thiouracil, ~5-methyluracil,
pseudoisocytosine, 5-methoxycytosine, 2-thiocytosine, 5-hydroxycytosine,
N*-methylcytosine,  5-hydroxymethylcytosine,  hypoxanthine,  N;-methylguanine,
O°%-methylguanine, 1-methyl-guanosine, N2-methyl-guanosine (M°G),
N?N%-dimethyl-guanosine ~ (m*?G),  2-methyl-2'-O-methyl-guanosine ~ (m?Gm),
N? N%-dimethyl-2'-O-methyl-guanosine  (m*?Gm), 1-methyl-2'-O-methyl-guanosine,
N?N’-dimethyl-2'-O-methyl-guanosine  (m?’Gm), or isoguanineadenine; and a
ribose, a bicyclic (LNA) ribose, a seco (UNA) ribose, or a modified ribose wherein
one or both of the ribose 2' or 3' carbons has a fluoro or a C1-C6 alkoxy
substituent; and

wherein the m’G ribonucleotide is linked at its 5'-OH to the triphosphate bridge,
wherein the triphosphate bridge is linked to a 5-OH of the N; ribonucleotide,
wherein N; nucleotide is linked via its 3'-OH to a phosphate, p, wherein the
phosphate is linked to a 5'-OH of the N ribonucleotide;

or a salt or solvated form thereof.
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The present invention relates to 5'-cap compounds, in particular the stabilization
of RNA by such 5'-cap compounds, and provides compositions, such as
pharmaceutical compositions, and cells comprising an RNA which is modified with
such a 5 '-cap compound, as well as methods for producing a peptide or protein
of interest using the compositions or cells according to the present invention.

29 Furthermore, the present invention provides the RNA, compositions, or cells for
use in therapy, in particular for use in a method of treating a disease or disorder
by protein replacement therapy, genome engineering, genetic reprogramming, and
immunotherapy; a method for increasing the stability of RNA in cells; a method
for increasing the expression of RNA in cells; and a method for providing an
RNA with a 5'-cap structure.

1. A 5'-cap compound having the 5 '-cap structure according to formula (I):

wherein R1 is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, and
optionally substituted heteroaryl;

R2 and R3 are independently selected from the group consisting of H, halo, OH,
and optionally substituted alkoxy, or R2 and R3 together form O-X-O, wherein X
is selected from the group consisting of optionally substituted CH2, optionally
substituted CH2CH2, optionally substituted CH2CH2CH2, optionally substituted
CH2CH(CH3), and optionally substituted C(CH3)2, or R2 is combined with the
hydrogen atom at position 4' of the ring to which R2 is attached to form
-0-CH2- or -CH2-0-;

R4 and R6 are independently selected from the group consisting of O, S, Se,
and BH3;

R5 is selected from the group consisting of S, Se, and BH3;
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R7 is a mononucleotide or an oligonucleotide having 2 to 9 bases;
R8 is H, halo, or optionally substituted alkoxy;

nis 1, 2, or 3; and

B is a purine or pyrimidine base moiety.
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The present invention relates to modification of RNA with 5'-cap analogs in order
to improve the stability and increase the expression of said RNA, in particular in
immature antigen presenting cells. The present invention provides a vaccine
composition comprising said stabilized RNA, immature antigen presenting cells
comprising said stabilized RNA, and methods for stimulating and/or activating
immune effector cells and for inducing an immune response in an individual
using said stabilized RNA.

1. A vaccine composition comprising an RNA which is modified with a 5'-cap

structure according to formula (I):

R" R
N
(N NH
74 5 6 </]5J:)\
0 i i ( N7 SNH
H,N N N 0—-P—0Q—P—0+P—-0 o 2
Y N o1 |
l +) [e) O o]
HN N n
|4 formula (I) OH OH

wherein R1 is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted heterocyclyl, optionally substituted aryl, and
optionally substituted heteroaryl,

R2 and R3 are independently selected from the group consisting of H, halo, OH,
and optionally substituted alkoxy, or R2 and R3 together form O-X-O, wherein X
is selected from the group consisting of optionally substituted CH2, CH2CHZ2,
CH2CH2CH2, CH2CH(CH3), and C(CH3)2, or R2 is combined with the hydrogen
atom at position 4' of the ring to which R2 is attached to form -O-CH2- or
-CH2-0O-,

R5 is selected from the group consisting of S, Se, and BH3,

R4 and R6 are independently selected from the group consisting of O, S, Se,
and BH3,

nis 1, 2, or 3,

wherein the stereochemical configuration at the P atom comprising the
substituent R5 corresponds to that at the PR atom of the D1 diastereomer of
beta-S-ARCA.

- 202 -



205 WO2007/120863 B

Kits and methods for generating 5' capped RNA

e
ot

2

0%

2006-04-14
US8846348
2007-10-25 CHE D2l £5 US9005930
US9115380

CELLSCRIPT (US)
modified capping, &4 0|8 2H#

The present invention relates to kits and methods for efficiently generating 5'
capped RNA having a modified cap nucleotide and for use of such
modified-nucleotide-capped RNA molecules. The invention is used to obtain novel
compositions of such modified- nucleotide-capped RNA molecules. In particular,
the present invention provides kits and methods for capping RNA using a
modified cap nucleotide and a capping enzyme system, such as poxvirus capping
enzyme. The present invention finds use for in vitro production o 5'-capped RNA
having a modified cap nucleotide and for in vitro or in vivo production o
polypeptides by in vitro or in vivo translation of such modified-nucleotide-capped
RNA for a variety of research, therapeuticc and commercial applications. The
invention also provides methods and kits for capturing or isolating uncapped RNA
comprising primary RNA transcripts or RNA having a 5'-diphosphate, such as RNA
synthesized in vitro or obtained from a biological source, including prokaryotic
MRNA that is in a mixture with other prokaryotic and/or eukaryotic nucleic acids.
The method for capturing modified-nucleotide- capped RNA also provides
methods and kits for obtaining only type-specific or condition- specific
modified-nucleotide-capped RNA by cap-dependent subtraction of that portion of
the captured modified-nucleotide-capped RNA in cells of one type or condition
that is the same as RNA in cells of another type or condition. The invention
further provides methods and kits for using a capping enzyme system and
modified cap nucleotides for labelin uncapped RNA comprising primary RNA
transcripts or RNA having a 5 '-diphosphate with detectable dye or enzyme
moieties.

1. A method for obtaining a modified-nucleotide- capped RNA, the method
comprising,

(a) providing:

i) an uncapped RNA comprising a primary RNA transcript or an RNA that has a
5'-diphosphate;

i) a capping enzyme system; and

iii) a modified cap nucleotide; and

(b) contacting the uncapped RNA with the capping enzyme system and the
modified cap nucleotide under conditions wherein modified-nucleotide-capped
RNA is synthesized.
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1. A method for obtaining a modified nucleotide-capped RNA, the method
comprising the steps of:

(a) providing:

i) an uncapped RNA comprising a primary RNA transcript or an RNA that has a
5'-diphosphate;

i) a capping enzyme system comprising an RNA guanyltransferase that exhibits
motif | consisting of the amino acid sequence KxDGxx; and

iii) a modified cap nucleotide, wherein the modified cap nucleotide:

- comprises a modified 2'- or 3'-deoxyguanosine-5'-triphosphate, wherein the
2'-or 3'-deoxy position of the sugar moiety is substituted by a group other than
a hydroxyl group or a hydrogen, or wherein the O6-oxygen of the guanine base
is replaced with a thiol or mercapto group, in particular wherein the 2'- or
3'-deoxy position of the sugar moiety is substituted with an amino, an azido, a
fluorine, a methoxy, a thiol, or a mercapto group;

- comprises a modified guanosine-5'-triphosphate, wherein the 2'- or
3'-hydroxyl group of the ribose is substituted with an alkyl group, or wherein the
0O6-oxygen of the guanine is substituted with an alkyl group or is replaced with a
thiol or mercapto group; or

- is  selected from N1-methyl-GTP;  O6-methyl-GTP;  6-thio-GTP;
2'-0O-methyl-GTP; 3'-O-methyl-GTP; 2'-amino-2'-dGTP; 3'-amino-3'-dGTP;
2'-azido-2'-dGTP; 3'-azido-3'-dGTP; 2'-F-2'-dGTP; 3'-F-3'-dGTP; 3'-dGTP;
2'-amino-2',3'-ddGTP; 3'-amino-2',3'-ddGTP; 2'-azido-2',3'-ddGTP; and
3'-azido-2',3'-ddGTP; and
(b) contacting the uncapped RNA with the capping enzyme system and the
modified cap nucleotide under conditions wherein modified nucleotide-capped
RNA is synthesized.
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The present invention relates to compositions, kits and methods for making and
using RNA compositions comprising in vitro-synthesized ssRNA inducing a
biological or biochemical effect in a mammalian cell or organism into which the
RNA composition is repeatedly or continuously introduced. In certain
embodiments, the invention provides compositions and methods for changing the
state of differentiation or phenotype of a human or other vertebrate cell. For
example, the present invention provides mRNA and methods for reprogramming
cells that exhibit a first differentiated state or phenotype to cells that exhibit a
second differentiated state or phenotype, such as to reprogram human somatic
cells to pluripotent stem cells.

1. A composition or system comprising:

a) single-stranded RNA (ssRNA) that encodes a protein, wherein the ssRNA is a
product of in vitro transcription of a DNA template by an RNA polymerase;

b) a double-stranded RNA (dsRNA) specific endoribonuclease Il (endoRNase Ill)
protein; and

€) magnesium cations present at a concentration of about 1-4 mM.
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The present application describes a base-modified RNA and the use thereof for
increasing the expression of a protein and for the preparation of a
pharmaceutical composition, especially a vaccine, for the treatment of tumours
and cancer diseases, heart and circulatory diseases, infectious diseases,
autoimmune diseases or monogenetic diseases, for example in gene therapy. The
present invention further describes an in vitro transcription method, in vitro
methods for increasing the expression of a protein using the base-modified RNA,
and an in vivo method.

1. Use of a base-modified RNA sequence for increasing the expression of a
CHEE T2 protein, wherein the base-modified RNA sequence contains at least one base
modification and codes for at least one protein.
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The present invention relates to a modified (m)RNA suitable for suppressing
and/or avoiding an innate immunostimulatory response in a mammal typically
exhibited when administering the corresponding unmodified (Mm)RNA and an
immunosuppressive composition comprising this RNA. The invention furthermore
relates to a pharmaceutical composition containing said modified (m)RNA. The
invention also relates to the use of said modified (m)RNA or immunosuppressive
composition (for the preparation of a medicament, eg. a pharmaceutical
composition) and/or the use of the pharmaceutical composition for suppressing
and/or avoiding an immune response in a mammal when administering said
pharmaceutical composition for the treatment of various diseases. Finally, the
invention relates to kits containing the immunosuppressive composition and/or
the pharmaceutical composition.

1. Immunosuppressive composition comprising at least one modified (mM)RNA,
wherein at least one nucleoside of the modified (m)RNA has been modified with:
a) a chemical modification at the 4-, 5- or 6-position of the pyrimidine base of
the nucleosides of cytidine and/or uridine;

b) a chemical modification at the 2-, 6-, 7- or 8-position of the purine base of
the nucleosides of adenosine, inosine and/or guanosine; and/or

¢) a chemical modification at the 2'-position of the sugar of the nucleosides of
adenosine, inosine, guanosine, cytidine and/or uridine,

wherein the at least one modified (m)RNA is suitable for suppressing and/or
avoiding an (innate) immunostimulatory response in a mammal typically exhibited
when administering the corresponding unmodified (m)RNA.
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The present invention relates to a bioreactor for RNA in vitro transcription, a
method for RNA in vitro transcription, a module for transcribing DNA into RNA
and an automated apparatus for RNA manufacturing. Further, the use of a
bioreactor for RNA in vitro transcription as described herein is part of the present
invention.The present invention relates to an RNA in vitro transcription reactor
designed to be operable in an automated manner under GMP-compliant
conditions. In particular, said RNA in vitro transcription reactor allows repetitive
use of DNA template for various RNA in vitro transcription reactions. Further, the
invention relates to an apparatus for RNA manufacturing comprising (@) a module
for template DNA synthesis, (b) a module for transcribing DNA into RNA
comprising said RNA in vitro transcription reactor, and, optionally, (c) a module
for RNA formulation.

1. A bioreactor (1) for RNA in vitro transcription comprising :

(@) a reaction vessel (2) suitable to hold magnetic particles, DNA templates, a
DNA immobilization buffer, DNA magnetic particles and an IVT master mix,
wherein the DNA magnetic particles are DNA templates immobilized on the
free-floating magnetic particles, and

(b) a magnet unit (3) positioned at the reaction vessel,

wherein the magnet unit is configured to capture or to introduce a movement of
the magnetic particles and the DNA magnetic particles.
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The present invention relates to the field of RNA analysis. In particular, the
invention concerns the use of a catalytic nucleic acid molecule for the analysis of
an RNA molecule. The invention concerns methods for analyzing the 5' terminal
structures of an RNA molecule having a cleavage site for a catalytic nucleic acid
molecule. In particular, the invention concerns a method for determining the
presence of a cap structure in an RNA molecule having a cleavage site for a
catalytic nucleic acid molecule, a method for determining the capping degree of a
29f population of RNA molecules having a cleavage site for a catalytic nucleic acid
molecule, a method for determining the orientation of the cap structure in a
capped RNA molecule having a cleavage site for a catalytic nucleic acid molecule
and a method for determining relative amounts of correctly capped RNA
molecules and reverse-capped RNA molecules in a population of RNA molecules,
wherein the population comprises correctly capped and/or reverse-capped RNA
molecules that have a cleavage site for a catalytic nucleic acid molecule.
Moreover, the present invention provides uses of a catalytic nucleic acid molecule.

1. A method for analyzing an RNA molecule having a cleavage site for a catalytic
nucleic acid molecule, the method comprising the steps of:

a) providing an RNA molecule having a cleavage site for a catalytic nucleic acid
molecule,

b) cleaving the RNA molecule with the catalytic nucleic acid molecule into a 5'
terminal RNA fragment and at least one 3' RNA fragment by contacting the RNA
molecule with the catalytic nucleic acid molecule under conditions allowing the
cleavage of the RNA molecule,

c) determining a physical property of the RNA molecule by analyzing the 5'
terminal RNA fragment.
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The present invention relates to a method for synthesizing an RNA molecule of a
given sequence, comprising the step of determining the fraction (1) for each of
the four nucleotides G, A, C and U in said RNA molecule, and the step of
synthesizing said RNA molecule by in vitro transcription in a sequence-optimized
reaction mix, wherein said sequence-optimized reaction mix comprises the four
ribonucleoside triphosphates GTP, ATP, CTP and UTP, wherein the fraction (2) of
each of the four ribonucleoside triphosphates in the sequence-optimized reaction
mix corresponds to the fraction (1) of the respective nucleotide in said RNA
molecule, a buffer, a DNA template, and an RNA polymerase. Further, the present

2 9F invention relates to a bioreactor (1) for synthesizing RNA molecules of a given
sequence, the bioreactor (1) having a reaction module (2) for carrying out in vitro
RNA transcription reactions in a sequence-optimized reaction mix, a capture
module (3) for temporarily capturing the transcribed RNA molecules, and a
control module (4) for controlling the infeed of components of the
sequence-optimized reaction mix into the reaction module (2), wherein the
reaction module (2) comprises a filtration membrane (21) for separating
nucleotides from the reaction mix, and the control of the infeed of components
of the sequence-optimized reaction mix by the control module (4) is based on a
measured concentration of separated nucleotides.

1. A method for synthesizing an RNA molecule of a given sequence, comprising
the following steps:
a) determining the fraction (1) for each of the four nucleotides G, A, C and U in
said RNA molecule, and
b) synthesizing said RNA molecule by in vitro transcription in a
HEE T2 sequenceoptimized reaction mix, wherein said sequence-optimized reaction mix
comprises the four ribonucleoside triphosphates (NTPs) GTP, ATP, CTP and UTP,
wherein the fraction (2) of each of the four ribonucleoside triphosphates in the
sequence-optimized reaction mix corresponds to the fraction (1) of the respective
nucleotide in said RNA molecule, a buffer, a DNA template, and an RNA
polymerase.
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The present invention relates to a buffer system comprising a dicarboxylic acid or
tricarboxylic acid or a salt thereof for synthesizing RNA molecules as well as a
method of RNA in vitro transcription using this buffer system. The present
invention also provides the use of this buffer system in RNA in vitro transcription
and in the reduction or prevention of precipitates during RNA in vitro
transcription.

1. Method for in vitro transcription of a nucleic acid template into RNA,
comprising the steps of:

- providing a mixture comprising a dicarboxylic or tricarboxylic acid or salt
thereof, a buffer substance, ribonucleoside triphosphates, one or more magnesium
salts, said nucleic acid template and a recombinant RNA polymerase, wherein the
mixture does not comprise a proteinogenic amino acid or tRNA; and

- incubating the reaction mixture under suitable conditions.
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The present invention relates to the field of RNA analysis. In particular, the
invention concerns the use of one or more nucleic acid molecules for the analysis
of an RNA molecule. In particular, the method is suitable for use in quality
control during or following production of RNA. Furthermore, the present invention
provides methods for analyzing a mixture of RNA molecules or an RNA
population.

1. A method for analyzing a sample comprising in vitro transcribed RNA,
comprising determining the presence, integrity and/or quantity of at least one
RNA species having a sequence comprising a target sequence in said sample
using a nuclease protection assay or a molecular beacon assay.
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The present invention relates to the detection and analysis of by-products in a
process of RNA in vitro transcription by HPLC. It further relates to the use of this
method for the quality control of RNA produced by in vitro transcription or for
identifying suitable RNA purification conditions.

1. Method for detecting by-products of in vitro transcription in a sample
comprising an in vitro transcribed target RNA, the method comprising the steps
of:

a) preparing a sample comprising a target RNA by in vitro transcription;

b) purifying the target RNA, thereby providing a purified target RNA sample;

c) detecting the by-products in the purified target RNA sample by HPLC.
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The present invention relates to analysis of an RNA molecule. It further relates to
the use of this method for the quality control of an RNA molecule produced by
in vitro transcription or for the quality control of an RNA molecule produced by
chemical synthesis.

1. Method for analyzing a sample comprising RNA molecules transcribed from a
template DNA with known sequence and length or chemically synthesized with
known sequence and length, comprising the steps of:

a) providing a sample comprising RNA molecules;

b) completely hydrolyzing the RNA molecules, thereby releasing nucleosides;

c) separating and quantifying the released nucleosides by HPLC;

d) determining at least one of:

- the number of copies of the RNA molecules in the sample,

- the matching of the sequence of the RNA molecules with the known sequence,
- the matching of the length of the RNA molecules with the known length,

- the capping degree of the RNA molecules within the sample, and

- the length of homopolymeric elements in the RNA molecules.
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The present invention relates to an inorganic pyrophosphatase (PPase), methods
29 of producing the same and uses thereof. Further disclosed are an enzyme reactor

and a kit comprising the PPase.

1. Inorganic pyrophosphatase (PPase) characterized in that the PPase is a
CHEX TS microbial PPase and immobilized onto a solid support via at least one thiol

group of said PPase.
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Fa EX 1783tEl Pyrophosphatase
The present invention relates to an immobilized poly(N)polymerase (PNP),
methods of producing said PNP and uses thereof. Further disclosed is an enzyme
29 reactor and kit comprising the PNP for producing polynucleotidylated ribonucleic
acid (poly(N)RNA)molecules which are useful in gene therapy, immunotherapy,
protein replacement therapy and/or vaccination.
R 1. Poly(N)polymerase characterized in that the poly(N)polymerase is a bacterial

poly(N)polymerase and immobilized onto a solid support
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Method for adding cap structures to rna using immobilized enzymes

M 2015-05-29
S/HE 2016-12-08 e DYz E3
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The present invention relates to an immobilized capping enzyme, preferably an
immobilized Vaccinia virus capping enzyme. Furthermore, the present invention
relates to an immobilized cap-specific nucleoside 2'-O-methyltransferase, preferably
an immobilized Vaccinia virus cap-specific nucleoside 2'-O-methyltransferase.
Moreover, the present invention relates to a method for immobilizing said
29 enzymes and to a method of using said enzymes for the addition of a 5'-cap
structure to RNAs. Moreover, the present invention relates to an enzyme reactor
for performing the capping reaction using said immobilized enzymes and the
subsequent separation of the 5'-capped RNA product. In addition, the present
invention relates to a kit comprising the capping enzyme and/or the cap-specific

nucleoside 2'-O- methyltransferase.

entrapment, encapsulation or physical adsorption
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JP2019503678A
CUREVAC (DB) KR20180107109A

Ct4= mRNA SA| ®A}

The invention relates to a method for producing a ribonucleic acid (RNA)
molecule composition comprising n different RNA molecule species, the method
comprising a step of RNA in vitro transcription of a mixture of m different
deoxyribonucleic acid (DNA) molecule species in a single reaction vessel in
parallel, i.e. simultaneously, and a step of obtaining the RNA molecule
composition. Also provided is the RNA composition provided by the inventive
method and a pharmaceutical composition comprising the same as well as a
pharmaceutical container. Moreover, the invention provides the RNA composition

and the pharmaceutical composition for use as medicament.
1. Method for producing a ribonucleic acid (RNA) molecule composition

comprising n different  RNA molecule species, the method comprising the
following steps:

a) simultaneous RNA in vitro transcription of a mixture of m different
deoxyribonucleic acid (DNA) molecule species in a single reaction vessel , wherein
each of the m different DNA molecule species encodes one or more of the n
different RNA molecule species thereby generating the n different RNA molecule
species, and

b) obtaining the RNA molecule composition comprising n different RNA molecule
species generated in step a),

wherein n is an integer of at least 2, and wherein m is an integer of at least 2.

KR20180107109A
1.
n7iel  4o[gt EZ|EAMRNA) EAEE ZEFSt= RNA BN =EE9 M=

2O Z A, 2
a) THY Ht8 87|0|AM, m7Hel 0|3t CISAIZ2ZLHDNA) EXHELl =2E2
SAIO RNA A|EEHLH M Absimultaneous RNA in vitro transcription)sh= EHA|,
o7|0M, &7 m7He| 40|35t DNA EXE2 7—|*7—|*% 7] n7i2el 0|3t RNA
EAE2 & o|ME ZYTCEMN, 47| n7iel 40|t RNA ZAESS M d5tH, H
b) TtA a)0llAM M-AE n7Hel A0t RNA EXE2 EYste=
5%t HAE Zosi,
Ab7
o

s Z3s
7101M, ng 2 Otel B40|ol, mS 2 0j4e| Fohel wi.
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Method for determining at least one quality parameter of an RNA sample

e 2017-05-17
S/HE 2018-11-22 e ez £
3§l CUREVAC (DE)

Fo EX Reverse transcription-PCR O|&

The present invention relates to a method for quality control analysis of an RNA
sample comprising n different RNA molecule species using reverse transcription
and a polymerase chain reaction (PCR) based assay, dPCR, preferably ddPCR,

29 thereby determining at least one quality parameter. Moreover, the RNA molecules
in the RNA sample may be in complexed form. In particular, the method is
suitable for use in quality control during or following production of RNA samples
for pharmaceutical use.

1. A method for quality control analysis of an RNA sample comprising n different
RNA molecule species using reverse transcription and a polymerase chain reaction
(PCR) based assay, wherein each of the n different RNA molecule species

HEE TS comprises one or more coding RNA molecules of synthetic origin, wherein n is an
integer of at least 1 , thereby determining at least one quality parameter, and
wherein the PCR based assay is digital PCR (dPCR), preferably droplet digital
(ddPCR).
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Methods for RNA analysis
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e RNA EHH 24
The present invention is concerned with methods for analyzing RNA molecules.
The provided methods involve conjugates for RNA cleavage comprising a chemical
moiety with RNA cleaving activity and an oligonucleotide. The oligonucleotide is
designed based on a target sequence present in an RNA molecule, and the
29 cleavage of the RNA molecule is inter alia carried out at conditions allowing the
hybridization of the oligonucleotide to the target 5 sequence. Thereby, the
method is easily applicable to RNA molecules of any sequence. The method
further involves the analysis of the RNA fragments obtained after cleavage to
obtain information on the physical properties of the RNA molecule.
1. A method for analyzing an RNA molecule comprising the following steps:
(i) providing an RNA molecule;
(i) providing at least one conjugate comprised of a chemical moiety with RNA
cleaving activity and an oligonucleotide, wherein the sequence of said
oligonucleotide is complementary to a target sequence of the RNA molecule;
I A st (iii) cleaving the RNA molecule provided in step (i) to obtain RNA fragments by

contacting the RNA molecule with the at least one conjugate provided in step (ii)
under conditions allowing the hybridization of said oligonucleotide to said target
sequence and the cleavage of the RNA molecule; and

(iv) determining a physical property of the RNA molecule by analyzing one or
more of the RNA fragments obtained in step (iii), wherein the RNA molecule is
an mRNA molecule.
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The invention relates to a polyribonucleotide with a sequence that codes a
protein or protein fragment, wherein the polyribonucleotide comprises a
combination of unmodified and modified nucleotides, wherein 5 to 50% of the
uridine nucleotides and 5 to 50% of the cytidin nucleotides are modified uridine
nucleotides or modified cytidin nucleotides.

1. The polyribonucleotide contains a combination of unmodified and modified
nucleotides, wherein 5-50% of uridine nucleotides and 5-50% of cytidine
nucleotides are modified uridine nucleotides and modified cytidine nucleotides,
respectively. A polyribonucleotide having a sequence encoding a phosphorus,
protein or protein fragment.
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Modified nucleosides, nucleotides, and nucleic acids, and uses thereof
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2010-10-01 WO2012/045082
US09334328
2012-04-05 & mYal S8 US09657295
US10064959

VIODERRA (9 US2019/160185

1-methylpseudouridine CHYot e SHAL Z3F RNAE CHEE 9o

The present disclosure provides modified nucleosides, nucleotides, and nucleic
acids, and methods of using thereof.

1. A compound comprising a nucleotide that disrupts binding of a major groove
binding partner with a nucleic acid comprising the nucleotide, wherein the
nucleotide has decreased binding affinity to the major groove binding partner.

US09334328

1. A method of synthesizing a ribonucleic acid (RNA), comprising the steps of:

a) providing a complementary deoxyribonucleic acid (cDNA) that encodes a
protein of interest;

b) selecting a nucleotide that is known to disrupt a binding of a major groove
binding partner with a RNA, wherein the nucleotide has decreased binding affinity
to the major groove binding partner selected from the group consisting of
toll-like receptor (TLR) 3, TLR7, TLR8, retinoic acid-inducible gene | (RIG-),
melanoma differentiation-associated gene 5 (MDA5) and laboratory of genetics
and physiology 2 (LGP2), and wherein the nucleotide comprises a modification on
the major groove face of the nucleobase where an atom of the major groove
face of the nucleobase is replaced or substituted with an alkyl group; and

c) contacting the provided cDNA and the selected nucleotide with an RNA
polymerase, under conditions such that the RNA is synthesized.
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Provided are compositions and methods for delivering biological moieties such as
modified nucleic acids into cells to modulate protein expression. Such
compositions and methods include the use of modified messenger RNAs, and are

useful for production of proteins.

1. A kit for immunoglobulin protein production, comprising a first isolated nucleic
acid comprising i) a translatable region encoding the immunoglobulin protein and
ii) a nucleic acid modification, wherein the first nucleic acid is capable of evading
an innate immune response of a cell into which the first isolated nucleic acid is
introduced, wherein the translatable region is substantially devoid of cytidine and

uracil nucleotides, and packaging and instructions therefor.
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Modified nucleoside, nucleotide, and nucleic acid compositions
4 2011-10-03
Us9428535
SN 2013-04-11 CHE D22l £ KR10-2014061
KR2019/0099538(H &)
ERah MODERNA (US)
Fo EX 4-methylpseudouridine CFYeh B Sib ot RNAZ CHME 2
Qo The present disclosure provides modified nucleosides, nucleotides, and nucleic
B acids, and methods of using them.
1. An isolated polynucleotide encoding a polypeptide of interest, said isolated
polynucleotide comprising:
(@) a sequence of n number of linked nucleosides or nucleotides comprising at
least one modified nucleoside or nucleotide as compared to the chemical
structure of an A, G, U or C nucleoside or nucleotide,
(b) a 5' UTR comprising at least one Kozak sequence,
(c) a 3" UTR, and
(d) at least one 5' cap structure.
EP3682905A1
1. An isolated polynucleotide encoding a polypeptide of interest, said isolated
polynucleotide comprising:
(a) a sequence of n number of linked nucleosides or nucleotides comprising at
least one modified nucleoside or nucleotide as compared to the chemical
structure of an A, G, U or C nucleoside or nucleotide,
hEA TS (b) a 5' UTR,

(¢) a 3' UTR, and

(d) at least one 5' cap structure, wherein the at least one modified nucleoside or
nucleotide comprises 1-methylpseudouridine, and is not pseudouridine or
5-methyl-cytidine;

wherein the polynucleotide exhibits a reduced cellular innate immune response
when introduced into a population of cells, as compared to the cellular innate
immune induced by a corresponding unmodified nucleic acid.

KR10-2014061 (5311 ¥ 2019-08-28)

a1

SHSt= Z2HEOIEE 223ste ChE|E E2lw22E0ERAM, &7] BE[E
Z2| 728 QEO|E7Y,

@@ nZhel GIAE R QAOIEEL MY,

(b) 5" UTR,

(¢ 3' UTR, &

(d) M= B}Lto| 5' T T ZE(cap structure)
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Enzymes and polymerases for the synthesis of RNA

M 2012-08-14
US9512456
S/ 2014-02-20 g Djlz| ES
°= = US9790531
=@l MODERNA (US)
=2 5% polymerase-capping enzyme chimera

The invention relates to compositions and methods for the design, evolution,
L2kl preparation, and/or manufacture of enzymes for use with polynucleotides, primary
transcripts and mmRNA molecules.

1. A chimeric enzyme for synthesizing a capped RNA molecule, said chimeric
enzyme comprising at least one capping enzyme and at least one nucleic acid
polymerase, wherein said capped RNA molecule comprises at least one chemical

modification.
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Polynucleotide molecules and uses thereof
4 2013-10-02
S 2015-04-09 CHE 22| £ US10385088
ERah MODERNA (US)
z2 3 B At
Qo The present disclosure provides alternative sugar moieties and polynucleotides
- comprising such sugar moieties, and methods of use thereof.
1. A compound of Formula | :
[y
Bnme VS
OH oo ,-*K-F.j
I 1
R? Rf
A A
| ¥R
|. '.rI! .';‘
Formula |
wherein the dotted line represents an optional double bond;
B is a nucleobase;
m and n are independently an integer from 0 to 3;
Xis S, CH2, SO 2, O, or NR7;
R is hydrogen or fluorine;
N R2 is hydrogen, fluorine, cyano, azido, or optionally substituted C C6 alkyl;
ey

R3 and R4 are independently hydrogen, optionally substituted hydroxyl, or
fluorine;

R5 and R6 are independently hydrogen or optionally substituted C C6 alkyl, or R5
and R6 are combined to form an optionally substituted C3-C6 cycloalkyi, provided
that one of R5 and R is absent when the dotted line is a double bond;

R7 is hydrogen or optionally substituted C C6 alkyl;

Y and Y4 are independently hydroxyl, protected hydroxyl, or optionally substituted
amino;

each Y2 is independently hydroxyl or optionally substituted C C6 heteroalkyl;

each Y3 is independently absent, O, or S;

each Y5 is independently O, NH, or CR R9;

each Y6 is O or S;

each Y7 is O or NH and

each R8 and R9 is independently hydrogen, fluorine, or optionally substituted C
C6 alkyl, or R8

and R9 are combined to form an optionally substituted C3-C6 cycloalkyi, provided
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that one of R8 and R9 is absent when the dotted line is a double bond;

wherein if nis 0, X is O, R, R2, R4, R5, and R6 are hydrogen, and Y5 is O,
then at least one of Y and Y4 is optionally substituted amino, and, if m is 0 , n
is 1, Y is optionally substituted amino, Y2 is optionally substituted C C6
heteroalkyl, Y3 is absent, Y7 is O, X is O, and R , R2, R4, R5 and R6 are
hydrogen, then Y4 is optionally substituted amino;

or a salt thereof.

- 228 -



228 WO2015/051173 B gl
Polynucleotide molecules and uses thereof
e 2013-10-02
S 2015-04-09 Che i £9
=H MODERNA (US)
2 =3 By At
Qo The present disclosure provides alternative nucleosides, nucleotides, and

polynucleotides, and methods of use thereof.

1. A compound of Formula I:

AR

M

"'.‘.2
E\T’)\Hz
.";

Formula |

wherein R1 is hydrogen, optionally substituted C1-C6 acyl, optionally substituted
C1-C6 alkyl, optionally substituted C2-C6 alkenyl, optionally substituted C2-C6
alkynyl, optionally substituted C1-C6 heteroalkyl, optionally substituted C2-C6
heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally substituted
C3-C10 cycloalkyl, optionally substituted C4-C10 cycloalkenyl, optionally substituted
C4-C10 cycloalkynyl, optionally substituted C6-C10 aryl, optionally substituted
C6-C10 aryl C1-C6 alkyl, optionally substituted C2-C9 heteroaryl, optionally
substituted C2-C9 heteroaryl C1-C6 alkyl, optionally substituted C2-C9 heterocyclyl,
or optionally substituted C2-C9 heterocyclyl C1-C6 alkyl;

CHEE T R2 is hydrogen, hydroxy, optionally substituted amino, azido, halo, thiol, optionally
substituted amino acid, optionally substituted C1-C6 acyl, optionally substituted
C1-C6 alkyl, optionally substituted C2-C6 alkenyl, optionally substituted C2-C6
alkynyl, optionally substituted C1-C6 heteroalkyl, optionally substituted C2-C6
heteroalkenyl, optionally substituted C2-C6 heteroalkynyl, optionally substituted
C3-C10 cycloalkyl, optionally substituted C4-C10 cycloalkenyl, optionally substituted
C4-C10 cycloalkynyl, optionally substituted C6-C10 aryl, optionally substituted
C6-C10 aryl C1-C6 alkyl, optionally substituted C2-C9 heteroaryl, optionally
substituted C2-C9 heteroaryl C1-C6 alkyl, optionally substituted C2-C9 heterocyclyl,
or optionally substituted C2-C9 heterocyclyl C1-C6 alkyl;

X1 and X2 are independently N or CR3;

each R3 is independently hydrogen, hydroxy, optionally substituted amino, azido,
halo, thiol, optionally substituted amino acid, optionally substituted C1-C6 acyl,
optionally substituted C1-C6 alkyl, optionally substituted C2-C6 alkenyl, optionally
substituted C2-C6 alkynyl, optionally substituted C1-C6 heteroalkyl, optionally
substituted C2-C6 heteroalkenyl, optionally substituted C2-C6 heteroalkynyl,
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optionally substituted C3-C10 cycloalkyl, optionally substituted C4-C10 cycloalkenyl,
optionally substituted C4-C10 cycloalkynyl, optionally substituted C6-C10 aryl,
optionally substituted C6-C10 aryl C1-C6 alkyl, optionally substituted C2-C9
heteroaryl, optionally substituted C2-C9 heteroaryl C1-C6 alkyl, optionally
substituted C2-C9 heterocyclyl, or optionally substituted C2-C9 heterocyclyl C1-C6
alkyl;

wherein if R2 is unsubstituted amino, X1 and X2 are both CR3;

wherein if X1 is N, R2 and R3 are not hydroxy or thiol;
P Y
)?*I b

Ais:
(Y-"-Flvjf e
Y4y

Formula Il Formula 1l Formula IV,

\r’l
_YI
:
HN=Z i T r R\r
Ly LA |
R xT.;U' I\W.Tj—vﬁ
¥ :

QH ,ar q

Formula V Formula V1
wherein the dashed line represents an optional double bond;
each of U and U' is, independently, O, S, N(RU)nu, or C(RU)nu, wherein nu is an
integer from 0 to 2 and each RU is, independently, H, halo, or optionally
substituted C1-C6 alkyl;
each of R4, R5', R4", R5", R4, R6', R7, R8, R9, and R10 is, independently, H, halo,
hydroxy, thiol, optionally substituted C1-C6 alkyl, optionally substituted C1-C6
heteroalkyl, optionally substituted C2-C6 heteroalkenyl, optionally substituted
C2-C6 heteroalkynyl, optionally substituted amino, azido, optionally substituted
C6-C10 aryl; or R8 can join together with one or more of R4', R4", R5', or R5" to
form optionally substituted C1-C6 alkylene or optionally substituted C1-C6
heteroalkylene and, taken together with the carbons to which they are attached,
provide an optionally substituted C2-C9 heterocyclyl; or R7 can join together with
one or more of R4', R4", R5', R5", R6, or R8 to form optionally substituted C1-C6
alkylene or optionally substituted C1-C6 heteroalkylene and, taken together with
the carbons to which they are attached, provide an optionally substituted C2-C9
heterocyclyl;
R6 is H, halo, hydroxy, thiol, optionally substituted C1-C6 alkyl, optionally
substituted C1-C6 heteroalkyl, optionally substituted C2-C6 heteroalkenyl,
optionally substituted C2-C6 heteroalkynyl, optionally substituted amino, azido,
optionally substituted C6-C10 aryl; or R6 can join together with one or more of
R4', R4", R5', R5", and, taken together with the carbons to which they are
attached, provide an optionally substituted C2-C9 heterocyclyl; wherein if said
optional double bond is present, R6 is absent;
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each of m' and m" is, independently, an integer from 0 to 3;

each of g and r is independently, an integer from 0 to 5;

each of Y1, Y2, and Y3, is, independently, hydrogen, O, S, Se, NRN1, optionally
substituted C1-C6 alkylene, or optionally substituted C1-C6 heteroalkylene, wherein
RN1 is H, optionally substituted C1-C6 alkyl, optionally substituted C2-C6 alkenyl,
optionally substituted C2-C6 alkynyl, optionally substituted C6-C10 aryl, or absent;
each of Y4 and Y6 is, independently, H, hydroxyl, protected hydroxyl, halo, thiol,
boranyl, optionally substituted C1-C6 alkyl, optionally substituted C2-C6 alkenyl,
optionally substituted C2-C6 alkynyl, optionally substituted C1-C6 heteroalkyl,
optionally  substituted C2-C6 heteroalkenyl, optionally substituted C2-C6
heteroalkynyl, optionally substituted amino, or absent; and

Y5 is O, S, Se, optionally substituted C1-C6 alkylene, or optionally substituted
C1-C6 heteroalkylene;

or a salt thereof.
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Modified nucleic acid molecules and uses thereof
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The present disclosure provides modified nucleosides, nucleotides, and nucleic
acids, and methods of using them.

1. A polynucleotide, wherein at least two bases are 5-trifluoromethyl-cytosine and
1 -methyl- pseudo-uracil; 5-hydroxymethyl-cytosine and 1-methyl-pseudo-uracil;
5-bromo-cytosine and 1-methyl-pseudo-uracil;  5-trifluoromethyl-cytosine and
pseudo-uracil; 5-hydroxymethyl-cytosine and pseudo-uracil; 5-bromo-cytosine and
pseudo-uracil; cytosine and 5-methoxy-uracil; 5-methyl-cytosine and 5-methoxy-
uracil; 5-trifluoromethyl-cytosine and 5-methoxy-uracil; 5-hydroxymethyl-cytosine
and 5-methoxy-uracil; or 5- bromo-cytosine and 5-methoxy-uracil.
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The present disclosure provides alternative nucleosides, nucleotides, and nucleic

acids, and methods of using them.

1. A polynucleotide, wherein at least two bases are 5-trifluoromethyl-cytosine and
1-methyl-pseudo-uracil;  5-hydroxymethyl-cytosine and  1-methyl-pseudo-uracil;
5-bromo-cytosine and 1-methyl-pseudo-uracil;  5-trifluoromethyl-cytosine and
pseudo-uracil;  5-hydroxymethyl-cytosine and pseudo-uracil; 5-bromo-cytosine
udo-uracil; cytosine and 5-methoxy-uracil; 5-methyl-cytosine and 5-methoxy-uracil;
5-trifluoromethyl-cytosine  and  5-methoxy-uracil; 5-hydroxymethyl-cytosine and
5-methoxy-uracil; or 5-bromo-cytosine and 5-methoxy-uracil.
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Alternative nucleic acid molecules and uses thereof

M 2014-06-19
S/HE 2015-12-23 e DYz E3
3§l MODERNA (US)

T8 53 L 27 =g

The present disclosure provides alternative nucleosides, nucleotides, and nucleic

L2kl

acids, and methods of using them.
1. A polynucleotide, wherein at least two bases are 5-trifluoromethyl-cytosine and
1-methyl-pseudo-uracil;  5-hydroxymethyl-cytosine  and  1-methyl-pseudo-uracil;
5-bromo-cytosine and 1 -methyl-pseudo-uracil ; 5- trifluoromethyl-cytosine and

CHE A8t pseudo-uracil; 5-hydroxymethyl-cytosine and pseudo-uracil; 5-bromo-cytosine and
pseudo-uracil; cytosine and 5-methoxy-uracil; 5-methyl-cytosine and
5-methoxy-uracil; 5-trifluoromethyl- cytosine and 5-methoxy-uracil;

5-hydroxymethyl-cytosine and 5-methoxy-uracil; or 5-bromo-cytosine and 5-

methoxy-uracil.
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RNA mapping/fingerprinting
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Fo EX signiture profile 2 RNA &2 22|28

Novel methods for identification and analysis of mRNA are provided herein. The

QOoF
- methods may involve digestion and fingerprinting analysis.
1. A method for determining the presence of an RNA in a mRNA sample,
comprising:
CHE A 8t determining a signature profile of the mRNA sample, comparing the signature

profile to a known signature profile for a test mRNA, identifying the presence of
an RNA in the mRNA sample based on a comparison with the known signature

profile for the test mRNA.
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mRNA cap analogs with modified phosphate linkage
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The present disclosure relates to cap analogs, which can result in high levels of
capping efficiency and transcription and improved translation efficiencies. The

29 present disclosure also relates to methods useful for preparing cap analogs and
using mRNA species containing such analogs, as well as kits containing the novel
cap analogs.

1. A compound of formula (I):

or a stereoisomer, tautomer or salt thereof, wherein

ring B1 is a modified Guanine;

ring B2 is a nucleobase or a modified nucleobase;

X2 is O, S(O)p, NR24 or CR25R26 in which p is 0, 1, or 2;

Y2 is —(CR40R41)u-Q0-(CR42R43)v—, in which QO is a bond, O, S(O)r, NR44, or

CR45R46, r is 0, 1, or 2, and each of u and v independently is 1, 2, 3 or 4;
CHEE T3 R2 is halo, LNA, or ORS3;

R3 is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and R3, when being C1-C6

alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally substituted with one or more

of halo, OH and C1-C6 alkoxyl that is optionally substituted with one or more

OH or OC(0)—C1-C6 alkyl;

each of R20, R21, R22, and R23 independently is-Q3-T3, in which Q3 is a bond

or C1-C3 alkyl linker optionally substituted with one or more of halo, cyano, OH

and C1-C6 alkoxy, and T3 is H, halo, OH, NH2, cyano, NO2, N3, RS3, or ORS3, in

which RS3 is C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C5 cycloalkyl, C6-C10

aryl, NHC(O)—C1-C6 alkyl, mono-C1-C6 alkylamino, di-C1-C6 alkylamino, 4 to

12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl, and RS3 is

optionally substituted with one or more substituents selected from the group

consisting of halo, OH, oxo, C1-C6 alkyl, COOH, C(O)O—C1-C6 alkyl, cyano, C1-C6

alkoxyl, amino, mono-C1-C6 alkylamino, di-C1-C6 alkylamino, C3-C8 cycloalkyl,

C6-C10 aryl, 4 to 12-membered heterocycloalkyl, and 5- or 6-membered
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heteroaryl;

each of R24, R25, and R26 independently is H or C1-Cé alkyl;

each of R27 and R28 independently is H or OR29; or R27 and R28 together form
O—R30—0;

each R29 independently is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and
R29, when being C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally
substituted with one or more of halo, OH and C1-C6 alkoxyl that is optionally
substituted with one or more OH or OC(O)—C1-C6 alkyl;

R30 is C1-C6 alkylene optionally substituted with one or more of halo, OH and
C1-C6 alkoxyl;

each of R40, R41, R42, and R43 independently is H, halo, OH, cyano, N3,
OP(O)R47R48, or C1-C6 alkyl optionally substituted with one or more
OP(O)R47R48, or one R41 and one R43, together with the carbon atoms to which
they are attached and QO, form C4-C10 «cycloalkyl, 4- to 14-membered
heterocycloalkyl, C6-C10 aryl, or 5- to 14-membered heteroaryl, and each of the
cycloalkyl, heterocycloalkyl, phenyl, or 5- to 6-membered heteroaryl is optionally
substituted with one or more of OH, halo, cyano, N3, oxo, OP(O)R47R48, C1-C6
alkyl, C1-C6 haloalkyl, COOH, C(O)O—C1-C6 alkyl, C1-C6 alkoxyl, C1-Cé6
haloalkoxyl, amino, mono-C1-C6 alkylamino, and di-C1-C6 alkylamino;

R44 is H, C1-C6 alkyl, or an amine protecting group;

each of R45 and R46 independently is H, OP(O)R47R48, or C1-C6 alkyl optionally
substituted with one or more OP(O)R47R48, and

each of R47 and R48, independently is H, halo, C1-C6 alkyl, OH, SH, SeH, or BH3.
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The present disclosure relates to cap analogs of formula (I), which can result in
high levels of capping efficiency and transcription and improved translation
efficiencies. The present disclosure also relates to methods useful for preparing
cap analogs and using mRNA species containing such analogs, as well as kits
containing the novel cap analogs.

1. A compound of formula (I):

or a stereoisomer, tautomer or salt thereof, wherein
mis 0, 1, or 2;

Ra Rq
| |
R.
Re  MN—Ry s, N—Rs
N N
mﬂS_\(N o N
ring B1 is a modified Guanine selected from S N s and
Ry
|
Rc_ {N_R[-
[
%
~::|=S {N
NN
SR
Q

ring B2 is a nucleobase or a modified nucleobase;

X2 is O, S(O)p , NR2 4 or CR2 5R2 6 in which pis 0, 1, or 2;

at least one of Ra and Rb is an amine protecting group and the other is H; or
Ra and Rb  together with the nitrogen atom to which they attach, form a 4 to
12-membered heterocycloalkyl, -N=CH-RA , or -N=N-RA , wherein RA is phenyl,
and each of the 4 to 12-membered heterocycloalkyl and RA is optionally
substituted with one or more substituents selected from OH, oxo, halo, C1 -C6
alkyl, COOH, C(0)O-C1 -C6 alkyl, cyano, C1 —C6 alkoxyl, amino, mono-C1 -C6
alkylamino, and di-C1 -Cé alkylamino;

Rc is H, NH2 , or C1 -C6 alkyl;

R1 is C1 -C6 alkyl, C2 -C6 alkenyl, or C2 -C6 alkynyl, each of which is optionally
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substituted with one or more substituents selected from the group consisting of
C6 -C1 0 aryl, C6 -C1 0 aryloxyl, 5- to 10-membered heteroaryl, and 5- to
10-membered heteroaryloxyl, each being optionally substituted with one or more
of halo and cyano;

R2 is halo, LNA, or OR3 ;

R3 is H, C1 -C6 alkyl, C2 -C6 alkenyl, or C2 -C6 alkynyl and R3 , when being C1
—C6 alkyl, C2 -C6 alkenyl, or C2 -C6 alkynyl, is optionally substituted with one or
more of halo, OH and C1 -C6 alkoxyl that is optionally substituted with one or
more OH or OC(O)-C1 -C6 alkyl;

each R4 independently is H, halo, C1 -C6 alkyl, OH, SH, SeH, or BH3;

each of R20, R21, R22, and R23 independently is-Q3 -T3 , in which Q3 is a bond
or C1 —C3 alkyl linker optionally substituted with one or more of halo, cyano, OH
and C1 -C6 alkoxy, and T3 is H, halo, OH, NH2 , cyano, NO2 , N3 , RS 3, or
ORS 3, in which RS 3 is C1 -C6 alkyl, C2 -C6 alkenyl, C2 -C6 alkynyl, C3 -C8
cycloalkyl, C6 -C1 0 aryl, NHC(O)-C1 -C6 alkyl, mono-C1 -C6 alkylamino, di-C1
-C6 alkylamino, 4 to 12-membered heterocycloalkyl, or 5- or 6-membered
heteroaryl, and RS 3 is optionally substituted with one or more substituents
selected from the group consisting of halo, OH, oxo, C1 -C6 alkyl, COOH,
C(O)O-C1 -C6 alkyl, cyano, C1 —-C6 alkoxyl, amino, mono-C1 -C6 alkylamino, di-C1
-C6 alkylamino, C3 -C8 «cycloalkyl, C6 -C1 0 aryll 4 to 12-membered
heterocycloalkyl, and 5- or 6-membered heteroaryl;

each of R24, R25, and R26 independently is H or C1 -C6 alkyl;

each of R27 and R2 8 independently is H or OR2 9 ; or R2 7 and R2 8 together
form O-R3 0-O;

each R29 independently is H, C1 -C6 alkyl, C2 -C6 alkenyl, or C2 -C6 alkynyl and
R29, when being C1 -C6 alkyl, C2 -C6 alkenyl, or C2 -C6 alkynyl, is optionally
substituted with one or more of halo, OH and C1 -C6 alkoxyl that is optionally
substituted with one or more OH or OC(O)-C1 —-C6 alkyl; and

R30 is C1 -C6 alkylene optionally substituted with one or more of halo, OH and
C1 —C6 alkoxyl.
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The present disclosure relates to cap analogs, which can result in high levels of
capping efficiency and transcription and improved translation efficiencies. The
present disclosure also relates to methods useful for preparing cap analogs and
using mRNA species containing such analogs, as well as kits containing the novel

cap analogs.

1. A compound of formula (I):
O "'n )
il Il i
HO—P—0-+P—0+P—0OH
I i |
R 1D 4 n':' o

I
(=
n \fnf/
Rz

Fd g 1 R HO R; .

B

or a stereoisomer, tautomer or salt thereof, wherein
mis O, 1, or 2;
ring Bi is a modified Guanine;
ring B2 is a nucleobase or a modified nucleobase;

Yo is O or CR6R7;

Yi is O, S(0)n, CReRv, or NR8, in which nis 0, 1, or 2;
each— is a single bond or absent, wherein when each— is a single bond, Yi is
O, S(0)n, CR6R7, or NR8; and when each— is absent, Yi is void;

R2 is halo, LNA, or ORS3;

R3 is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and R3, when being C1-C6
alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally substituted with one or more
of halo, OH and Ci- Ce alkoxyl that is optionally substituted with one or more
OH or OC(0)-Ci-C6 alkyl;
each R4 independently is H, halo, C1-C6 alkyl, OH, SH, SeH, or BH3 ;
each of R6, R7, and R8, independently, is -Q1-T1, in which Qi is a bond or
C1-C3 alkyl linker optionally substituted with one or more of halo, cyano, OH and
C1-C6 alkoxy, and Ti is H, halo, OH, COOH, cyano, or Rsi, in which Rsi is C1-C3
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, Ci- C6 alkoxyl, C(0)0-Ci-C6 alkyl, C3-C8
cycloalkyl, C6-Cio aryl, NR31R32, (NR3iR32R33)+, 4 to 12- membered
heterocycloalkyl, or 5- or 6-membered heteroaryl, and Rsi is optionally substituted
with one or more substituents selected from the group consisting of halo, OH,
oxo, C1-C6 alkyl, COOH, C(0)0-Ci-C6 alkyl, cyano, Ci-C6 alkoxyl, NR31R32,
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(NR3iR32R33)+, C3-C8 cycloalkyl, C6-C10 aryl, 4 to 12-membered heterocycloalkyl,
and 5- or 6-membered heteroaryl;

each of Rio, Rn, R12, R13 R14, and R15, independently, is -Q2-T2, in which Q2
is a bond or C1-C3 alkyl linker optionally substituted with one or more of halo,
cyano, OH and C1-C6 alkoxy, and T2 is H, halo, OH, N34, cyano, NO2, N3, Rs2,
or ORs2, in which Rs2 is C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8
cycloalkyl, C6-Ci0 aryl, NHC(0)-Ci-C6 alkyl, NR31R32, (NR3iR32R33)+, 4 to
12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl, and Rs2 is
optionally substituted with one or more substituents selected from the group
consisting of halo, OH, oxo, C i-C6 alkyl, COOH, C(0)0-Ci-C6 alkyl, cyano, CrC6
alkoxyl, NR31R32, (NR3 iR32R33)+, (C3-C8 cycloalkyl, C6-C10 aryl, 4 to
12-membered heterocycloalkyl, and 5- or 6- membered heteroaryl; or alternatively
R12 together with R14 is oxo, or R13 together with R15 is oxo, and each of R31,
R32, and R33, independently is H, C 1-C6 alkyl, C3-C8 cycloalkyl, C6-C10 aryl, 4
to 12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl.
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The present disclosure relates to cap analogs of formula (I), which can result in
high levels of capping efficiency and transcription and improved translation
efficiencies. The present disclosure also relates to methods useful for preparing
cap analogs and using mRNA species containing such analogs, as well as kits
containing the novel cap analogs. Formula (I), wherein at least one of R 20, R 21,

R 22, and R 23 is not H.
HG—P—D{Q D}F’-—UH

X Rz:'.

1. A compound of formula (

Rz

Ry

= !
&7 Fze  Rag HIC R

(I

or a stereoisomer, tautomer or salt thereof, wherein

mis 0, 1, or 2;

ring Bi is a modified Guanine;

ring B2 is a nucleobase or a modified nucleobase;

X2 is O, S(0)p, NR24 or CR25R26 in which pis 0, 1, or 2;

R2 is halo, LNA, or OR3;

R3 is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and R3, when being C1-C6
alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally substituted with one or more
of halo, OH and Ci- Ce alkoxyl that is optionally substituted with one or more
OH or OC(0)-Ci-C6 alkyl;

each R4 independently is H, halo, C1-C6 alkyl, OH, SH, SeH, or BH3 ;

each of R20, R21, R22, and R23 independently 1S-Q3-T3, in which Q3 is a bond
or C1-C3 alkyl linker optionally substituted with one or more of halo, cyano, OH
and C1-C6 alkoxy, and T3 is H, halo, OH, NH2, cyano, N0O2, N3, RS3, or ORS3, in
which RS3 is Ci-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl, C6-Ci0
aryl, NHC(0)-Ci-C6 alkyl, mono-Ci-C6 alkylamino, di-Ci-C6 alkylamino, 4 to
12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl, and Rs3 is
optionally substituted with one or more substituents selected from the group
consisting of halo, OH, oxo, C1-C6 alkyl, COOH, C(0)0-Ci-C6 alkyl, cyano, C1-C6
alkoxyl, amino, mono-Ci-C6 alkylamino, di-Ci-C6 alkylamino, C3-C8 cycloalkyl,
C6-C10 aryl, 4 to 12-membered heterocycloalkyl, and 5- or 6-membered
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heteroaryl; and at least one of R20, R21, R22, and R23 is not H;

each of R24, R25, and R26 independently is H or C1-Cé alkyl;

each of R27 and R28 independently is H or OR29; or R27 and R28 together form
0O-R30-0;

each R29 independently is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and
R29, when being C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally
substituted with one or more of halo, OH and C1-C6 alkoxyl that is optionally
substituted with one or more OH or OC(0)-Ci-C6 alkyl; and R30 is C 1-Cé6
alkylene optionally substituted with one or more of halo, OH and C1-C6 alkoxyl.
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The present disclosure relates to cap analogs of formula (I) as defined in claim 1,
which can result in high levels of capping efficiency and transcription and
improved translation efficiencies. The present disclosure also relates to methods
useful for preparing cap analogs and using MRNA species containing such
analogs, as well as kits containing the novel cap analogs.

1. A compound of formula (I):

g i
]
HO=F—Y¥;—0~F—0H
OP RN
rj o
hA
] Cl) 9
O=R-Ry H
G
HO Ry (),
or a stereoisomer, tautomer or salt thereof, wherein
Rig Yo RJ“\ Rzz Xo Rz
;'\-n.._’r___"-_‘r,.r-lfll % -5 E_ ;
POA g
. ! R ki R For R
Yewlat s 2 Ry T Ris™ g 2 Rag Hzﬂéi_

ring B1 is a modified or unmodified Guanine;

ring B2 and ring B3 each independently is a nucleobase or a modified
nucleobase;

X2 is O, S(O)p, NR24 or CR25R26 in which p is 0, 1, or 2;

Y0 is O or CR6R7;

Y1 is O, S(O)n, CR6R7, or NR8, in which nis 0, 1, or 2;

each — is a single bond or absent, wherein when each — is a single bond, Y1 is
O, S(O)n, CR6R7, or NR8; and when each — is absent, Y1 is void;

Y2 is (OP(O)R4)m in which m is 0, 1, or 2, or —O—(CR40R41)u-Q0-CR42R43)v—,
in which Q0 is a bond, O, S(O)r, NR44, or CR45R46, r is 0, 1, or 2, and each of
u and v independently is 1, 2, 3 or 4;

each R2 and R2' independently is halo, LNA, or OR3;

each R3 independently is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and R3,
when being C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally substituted
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with one or more of halo, OH and C1-C6 alkoxyl that is optionally substituted
with one or more OH or OC(O)—C1-C6 alkyl;

each R4 and R4’ independently is H, halo, C1-C6 alkyl, OH, SH, SeH, or BH3—;
each of R6, R7, and R8, independently, is -Q1-T1, in which Q1 is a bond or
C1-C3 alkyl linker optionally substituted with one or more of halo, cyano, OH and
C1-C6 alkoxy, and T1 is H, halo, OH, COOH, cyano, or RS1, in which RS1 is
C1-C3 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C1-C6 alkoxyl, C(O)O—C1-C6 alkyl,
C3-C8 cycloalkyl, C6-C10 aryl, NR31R32, (NR31R32R33)+, 4 to 12-membered
heterocycloalkyl, or 5- or 6-membered heteroaryl, and RS1 is optionally
substituted with one or more substituents selected from the group consisting of
halo, OH, oxo, C1-C6 alkyl, COOH, C(O)O—C1-C6 alkyl, cyano, C1-C6 alkoxyl,
NR31R32, (NR31R32R33)+, (C3-C8 cycloalkyl, C6-C10 aryl, 4 to 12-membered
heterocycloalkyl, and 5- or 6-membered heteroaryl;

each of R10, R11, R12, R13 R14, and R15, independently, is -Q2-T2, in which Q2
is a bond or C1-C3 alkyl linker optionally substituted with one or more of halo,
cyano, OH and C1-C6 alkoxy, and T2 is H, halo, OH, NH2, cyano, NO2, N3, RS2,
or ORS2, in which RS2 is C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8
cycloalkyl, C6-C10 aryl, NHC(O)—C1-C6 alkyl, NR31R32, (NR31R32R33)+, 4 to
12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl, and RS2 is
optionally substituted with one or more substituents selected from the group
consisting of halo, OH, oxo, C1-C6 alkyl, COOH, C(O)O—C1-C6 alkyl, cyano, C1-C6
alkoxyl, NR31R32, (NR31R32R33)+, (3-C8 «cycloalkyl, C6-C10 aryl, 4 to
12-membered heterocycloalkyl, and 5- or 6-membered heteroaryl; or alternatively
R12 together with R14 is oxo, or R13 together with R15 is oxo,

each of R20, R21, R22, and R23 independently is -Q3-T3, in which Q3 is a bond
or C1-C3 alkyl linker optionally substituted with one or more of halo, cyano, OH
and C1-C6 alkoxy, and T3 is H, halo, OH, NH2, cyano, NO2, N3, RS3, or ORS3, in
which RS3 is C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl, C6-C10
aryl, NHC(O)—C1-C6 alkyl, mono-C1-C6 alkylamino, di-C1-C6 alkylamino, 4 to
12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl, and RS3 is
optionally substituted with one or more substituents selected from the group
consisting of halo, OH, oxo, C1-C6 alkyl, COOH, C(O)O—C1-C6 alkyl, cyano, C1-C6
alkoxyl, amino, mono-C1-C6 alkylamino, di-C1-C6 alkylamino, C3-C8 cycloalkyl,
C6-C10 aryl, 4 to 12-membered heterocycloalkyl, and 5- or 6-membered
heteroaryl;

each of R24, R25, and R26 independently is H or C1-Cé alkyl;

each of R27 and R28 independently is H or OR29; or R27 and R28 together form
O—R30—0;

each R29 independently is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and
R29, when being C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally
substituted with one or more of halo, OH and C1-C6 alkoxyl that is optionally
substituted with one or more OH or OC(O)—C1-C6 alkyl;

R30 is C1-C6 alkylene optionally substituted with one or more of halo, OH and
C1-C6 alkoxyl;
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each of R31, R32, and R33, independently is H, C1-Cé6 alkyl, C3-C8 cycloalkyl,
C6-C10 aryl, 4 to 12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl;
each of R40, R41, R42, and R43 independently is H, halo, OH, cyano, N3,
OP(O)R47R48, or C1-C6 alkyl optionally substituted with one or more
OP(O)R47R48, or one R41 and one R43, together with the carbon atoms to which
they are attached and QO, form C4-C10 «cycloalkyl, 4- to 14-membered
heterocycloalkyl, C6-C10 aryl, or 5- to 14-membered heteroaryl, and each of the
cycloalkyl, heterocycloalkyl, phenyl, or 5- to 6-membered heteroaryl is optionally
substituted with one or more of OH, halo, cyano, N3, oxo, OP(O)R47R48, C1-C6
alkyl, C1-C6 haloalkyl, COOH, C(O)O—C1-C6 alkyl, C1-C6 alkoxyl, C1-Cé
haloalkoxyl, amino, mono-C1-C6 alkylamino, and di-C1-C6 alkylamino;

R44 is H, C1-C6 alkyl, or an amine protecting group;

each of R45 and R46 independently is H, OP(O)R47R48, or C1-C6 alkyl optionally
substituted with one or more OP(O)R47R48, and

each of R47 and R48, independently is H, halo, C1-C6 alkyl, OH, SH, SeH, or
BH3—.
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Novel methods for identification and analysis of mRNA are provided herein. The

QOoF
- methods may involve digestion and fingerprinting analysis.
1. A method for determining the presence of an RNA in a mRNA sample,
comprising:
CHE A 8t determining a signature profile of the mRNA sample, comparing the signature
c profile to a known signature profile for a test mRNA, identifying the presence of

an RNA in the mRNA sample based on a comparison with the known signature

profile for the test mRNA.
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The present disclosure relates to methods for preparing a modified RNA
comprising enzymatically ligating an acceptor moiety having a 3'-hydroxyl group
to the 5'-end of a donor moiety (e.g. installation of 5'-triphosphate groups,
MRNA caps, or cap-like structures on chemically synthesized RNA or installation
5'-triphosphate groups, mRNA caps, cap-like structures, or non-cap like structures

on enzymatically prepared RNA).

1. A method of preparing a modified RNA comprising enzymatically ligating an
CHEE T2 acceptor moiety having a 3'-hydroxyl group to the 5 '-end of a donor moiety,
wherein the donor moiety is an RNA comprising a leaving group.
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The present disclosure provides, in some aspects, variant RNA polymerases, the
use of which increases transcription efficiency while reducing the number of
double-stranded RNA contaminates and run-on transcripts produced during an in
vitro transcription reaction. In some embodiments, the RNA polymerase variants
(e.g. T7 RNA polymerase variants, include mutations to residues that have a
high-helix propensity (e.g., alanine) or that constrain the backbone flexibility to
specifically match that of the elongation complex. Amino acid substitutions within
the C-helix, including S43 A and G47A, and C-linker regions of T7 RNA
polymerase, as well as the addition of a C-terminal glycine residue are described.
Co-transcription methods using cap analogs are also described.

1. A ribonucleic acid (RNA) polymerase variant comprising an amino acid
substitution, relative to wild-type RNA polymerase, that causes a loop structure of
iEM TS the RNA polymerase variant to undergo a conformational change to a helix
structure as the RNA polymerase variant transitions from an initiation complex to

an elongation complex.
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Assembly and error reduction of synthetic genes from oligonucleotides
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H o QC
The present invention relates to a rapid, high-fidelity process to support synthesis
Qor of genes for in vitro transcription of modified messenger RNA. In this process,
B sequence errors resulting from amplification with oligonucleotides comprising
inherent errors are significantly reduced.
1. A process for reducing base pair error rate in the synthesis of a gene of
interest, the process comprising the steps of:
a. obtaining a pool of assembled gene segments confirmed to contain mismatch
errors;
b. denaturing the purified gene segments into single stranded nucleic acid
sequences and allowing random pairing of complementary strands, wherein the
HEE s paired complementary strands or gene segments comprise mismatched base pairs;

i. mismatch digesting the gene segments comprising mismatched base pairs to
obtain digest fragments;

ii. purifying the digest fragments according to size to obtain error-free gene
segments; and,

c. amplifying the error-free gene segments;

i. purifying the error-free gene segments of interest, thereby reducing base pair
error rate in the synthesis of a gene of interest.
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RNA polymerase variants for co—transcriptional capping

M 2019-02-20
S/HE 2020-08-27 e DYz E3
3§l MODERNA (US)

Fa £F RNA polymerase # 0|

The present disclosure provides RNA polymerase variants for high efficiency

transcription.

1. A ribonucleic acid (RNA) polymerase variant comprising a RNA polymerase that
comprises an amino acid substitution at a position selected from the group

CHEE T2 consisting of E350, D351, K387, N437, K441, D506, R632, D653, S628, P657, F880,
and G884 relative to a RNA polymerase comprising the amino acid sequence of
SEQ ID NO: 44.
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Fed—batch in vitro transcription process

edd 2019-03-11
S/HE 2020-09-17 e DYz E3
3§l MODERNA (US)
2 53 HtS =20l NTP X|& 323%t= Fed-batch process

The present disclosure provides methods of in vitro transcribing a ribonucleic acid
fohel; (RNA) of interest. In some embodiments, such methods include determining
consumption rates of nucleoside triphosphates (NTPs).

1. A method of determining percent (%) nucleoside triphosphates (NTPs)
consumption of an in vitro transcription (IVT) reaction comprising:

(@) conducting an IVT reaction with a reaction mixture that comprises known
initial NTP concentrations, a deoxyribonucleic acid (DNA) encoding a ribonucleic

CHEM TS acid (RNA) of interest, and an RNA polymerase;

(b) measuring individual NTP concentrations at discrete intervals over a period of
time; and

(c) calculating a percent (%) consumption value for each NTP of the reaction

mixture.
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MmRNA cap analogs and methods of mRNA capping
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5'cap analog =& %JH

The present disclosure relates to cap analogs, which can result in high levels of
capping efficiency and transcription and improved translation efficiencies. The
present disclosure also relates to methods useful for preparing cap analogs and
using mRNA species containing such analogs, as well as kits containing the novel
cap analogs.

1. A compound of formula (I):

i I
- H-;:-—ﬁ'- vz—cn—%—m-
(B‘. | ; 3 e
f I'L_ 0
. L—
_J\ S FE-:-)Y_\N .

HO H‘) ”:I

or a stereoisomer, tautomer or salt thereof, wherein

P, ; T°'§ e t’;_.

Ex‘p‘}:' Rl v R13
e ik

ring B1 is a modified or unmodified Guanine;
ring B2 is a nucleobase or a modified nucleobase;
X2 is O, S(O)p, NR24 or CR25R26 in which p is 0, 1, or 2;
Y0 is O or CR6R7;
Y1 is O, S(O)n, CR6R7, or NR8, in which nis 0, 1, or 2;
each custom-character is a single bond or absent, wherein when each
custom-character is a single bond, Y1 is O, S(O)n, CR6R7, or NR8; and when each
custom-character is absent, Y1 is void;
Y2 is (OP(O)R4)m in which m is O, 1, or 2, or —O—(CR40R41)u-Q0-(CR42R43)v—,
in which QO is a bond, O, S(O)r, NR44, or CR45R46, r is 0, 1, or 2, and each of
u and v independently is 1, 2, 3 or 4;
R2 is halo, LNA, or OR3;
R3 is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and R3, when being C1-C6
alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally substituted with one or more
of halo, OH and C1-C6 alkoxyl that is optionally substituted with one or more
OH or OC(0)—C1-C6 alkyl;
each R4 independently is H, halo, C1-C6 alkyl, OH, SH, SeH, or BH3—;
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each of R6, R7, and R8, independently, is -Q1-T1, in which Q1 is a bond or
C1-C3 alkyl linker optionally substituted with one or more of halo, cyano, OH and
C1-C6 alkoxy, and T1 is H, halo, OH, COOH, cyano, or RS1, in which RS1 is
C1-C3 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C1-C6 alkoxyl, C(O)O—C1-C6 alkyl,
C3-C8 cycloalkyl, C6-C10 aryl, NR31R32, (NR31R32R33)+, 4 to 12-membered
heterocycloalkyl, or 5- or 6-membered heteroaryl, and RS1 is optionally
substituted with one or more substituents selected from the group consisting of
halo, OH, oxo, C1-C6 alkyl, COOH, C(O)O—C1-C6 alkyl, cyano, C1-C6 alkoxyl,
NR31R32, (NR31R32R33)+, (C3-C8 cycloalkyl, C6-C10 aryl, 4 to 12-membered
heterocycloalkyl, and 5- or 6-membered heteroaryl;

each of R10, R11, R12, R13 R14, and R15, independently, is -Q2-T2, in which Q2
is a bond or C1-C3 alkyl linker optionally substituted with one or more of halo,
cyano, OH and C1-C6 alkoxy, and T2 is H, halo, OH, NH2, cyano, NO2, N3, RS2,
or ORS2, in which RS2 is C1-Cé6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8
cycloalkyl, C6-C10 aryl, NHC(O)—C1-C6 alkyl, NR31R32, (NR31R32R33)+, 4 to
12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl, and RS2 is
optionally substituted with one or more substituents selected from the group
consisting of halo, OH, oxo, C1-C6 alkyl, COOH, C(O)O—C1-C6 alkyl, cyano, C1-C6
alkoxyl, NR31R32, (NR31R32R33)+, (3-C8 cycloalkyl, C6-C10 aryl, 4 to
12-membered heterocycloalkyl, and 5- or 6-membered heteroaryl; or alternatively
R12 together with R14 is oxo, or R13 together with R15 is oxo,

each of R17, R20, R21, R22, and R23 independently is -Q3-T3, in which Q3 is a
bond or C1-C3 alkyl linker optionally substituted with one or more of halo,
cyano, OH and C1-C6 alkoxy, and T3 is H, halo, OH, NH2, cyano, NO2, N3, RS3,
or ORS3, in which RS3 is C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8
cycloalkyl, C6-C10 aryl, NHC(O)—C1-C6 alkyl, mono-C1-C6 alkylamino, di-C1-C6
alkylamino, 4 to 12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl,
and RS3 is optionally substituted with one or more substituents selected from the
group consisting of halo, OH, oxo, C1-C6 alkyl, COOH, C(O)O—C1-C6 alkyl, cyano,
C1-C6 alkoxyl, amino, mono-C1-C6 alkylamino, di-C1-C6 alkylamino, C3-C8
cycloalkyl, C6-C10 aryl, 4 to 12-membered heterocycloalkyl, and 5- or
6-membered heteroaryl;

each of R24, R25, and R26 independently is H or C1-C6 alkyl;

each of R27 and R28 independently is H or OR29; or R27 and R28 together form
O—R30—0;

each R29 independently is H, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl and
R29, when being C1-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, is optionally
substituted with one or more of halo, OH and C1-C6 alkoxyl that is optionally
substituted with one or more OH or OC(O)—C1-C6 alkyl;

R30 is C1-C6 alkylene optionally substituted with one or more of halo, OH and
C1-C6 alkoxyl;

each of R31, R32, and R33, independently is H, C1-C6 alkyl, C3-C8 cycloalkyl,
C6-C10 aryl, 4 to 12-membered heterocycloalkyl, or 5- or 6-membered heteroaryl;
each of R40, R41, R42, and R43 independently is H, halo, OH, cyano, N3,
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OP(O)R47R48, or C1-C6 alkyl optionally substituted with one or more
OP(O)R47R48, or one R41 and one R43, together with the carbon atoms to which
they are attached and QO, form C4-C10 «cycloalkyl, 4- to 14-membered
heterocycloalkyl, C6-C10 aryl, or 5- to 14-membered heteroaryl, and each of the
cycloalkyl, heterocycloalkyl, phenyl, or 5- to 6-membered heteroaryl is optionally
substituted with one or more of OH, halo, cyano, N3, oxo, OP(O)R47R48, C1-C6
alkyl, C1-C6 haloalkyl, COOH, C(O)O—C1-C6 alkyl, C1-C6 alkoxyl, C1-Cé
haloalkoxyl, amino, mono-C1-C6 alkylamino, and di-C1-Cé alkylamino;

R44 is H, C1-C6 alkyl, or an amine protecting group;

each of R45 and R46 independently is H, OP(O)R47R48, or C1-C6 alkyl optionally
substituted with one or more OP(O)R47R48, and

each of R47 and R48, independently is H, halo, C1-C6 alkyl, OH, SH, SeH, or
BH3—.
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Large scale synthesis of messenger RNA

e 2017-02-27
S/HE 2018-08-30 CHE D22 S5 US2018/258423
sl TRANSLATE BIO (US)

F2 5% SP6 RNA polymerase O|&

The present invention provides methods for large-scale production of a
29 composition enriched for full-length  mRNA molecules using an SP6 RNA
polymerase and compositions produced using such methods and uses thereof.

1. A method for large-scale production of a composition enriched for full-length
mRNA molecules comprising synthesizing in vitro mRNA using an SP6 RNA

HEM TS polymerase, wherein at least 80% of the synthesized mRNA molecules are
full-length, and wherein at least 100 mg of mRNA is synthesized in a single
batch.
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Compositions and methods for synthesizing 5'—capped RNAs
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US10913768
TRILINK BIOTECHNOLOGIES (US) KR2018/0050409

CleanCap® =% E79

Provided herein are methods and compositions for synthesizing 5'Capped RNAs
wherein the initiating capped oligonucleotide primers have the general form
m7Gppp[N2'Ome]n[NJm wherein  m7G is N7-methylated guanosine or any
guanosine analog, N is any natural, modified or unnatural nucleoside, "n" can be
any integer from 0 to 4 and "m" can be an integer from 1 to 9.

1. An initiating capped oligonucleotide primer comprising the following structure:

wherein: each of Bi through Bio is independently a natural, modified or unnatural
nucleoside base; M is 0 or 1; L is 0 or 1; gi is 1 and each of g2 through q9 is
independently 0 or 1; Ri is H or methyl; R-2 and R3 are independently H, OH,
alkyl, O-alkyl, halogen, a linker or a detectible marker; each of Xi through X13 is
independently O or S; each of Yi through Y13 is independently OH, SH, BH3, aryl,
alkyl, O-alkyl or O-aryl; each of Z1 through Z22 is independently O, S, NH, CH2,
C(halogen)2 or CH(halogen); and each of R4 through Ri2 are independently H,
OH, OMe or a detectable marker.
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RNA containing modified nucleosides and methods of use thereof

2005-08-23 Us08278036

UsS08691966

2007-03-01 Us08748089

Che mjRa] £4 UsS08835108

UPENN (US), licensed to us09750824

Cellscript US10232055
us2020/0030460

o

RNA immunogenicity, modified RNA, RNA method, m1¥ =, B £7,
= LH(KR2171850) £3] HPLC EH|, RNaselll &8 sHy

This invention provides RNA, oligoribonucleotide, and polyribonucleotide molecules
modified

synthesizing

nucleoside,
and methods for

comprising pseudouridine or a gene therapy vectors

comprising same, methods of same, gene

replacement, gene therapy, gene transcription silencing, and the delivery of
therapeutic proteins to tissue in vivo, comprising the molecules. The present
methods of reducing the

invention also provides immunogenicity of RNA,

oligoribonucleotide, and polyribonucleotide molecules.

1. A messenger RNA comprising a pseudouridine residue.
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Improved in vitro transcription purification platform

M 2019-06-20
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3§l ARCTURUS (US)
Fa EX ceramic hydroxyapatite column O|&

Provided herein are methods for purification of RNA from a sample. The methods
include obtaining a first sample including double stranded RNA in a loading
29 buffer, loading the sample onto a ceramic hydroxyapatite column, washing the
column with wash buffer, and eluting the column with an elution buffer to create

an eluate.

1. A method for reducing double stranded RNA (dsRNA) in a transcribed RNA
product, the method comprising:

a. obtaining a sample comprising dsRNA in a loading buffer;

b. loading the sample onto a ceramic hydroxyapatite column;

c. washing the column with wash buffer; and

d. eluting the column with an elution buffer to create an eluate.
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Methods for providing single—stranded RNA

P 2016-04-22
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F8 £4 Cellulose O|& dsRNA H|A
The present invention relates to methods for providing single-stranded RNA
Qot (ssRNA). Furthermore, the present invention relates to the ssRNA which s
B obtainable by the methods of the invention and the use of such ssRNA in
therapy.
1. A method for providing single-stranded RNA (ssRNA), comprising:
(i) providing an RNA preparation comprising ssRNA produced by in vitro
transcription;
CHE s (i) contacting the RNA preparation with a cellulose material under conditions

which allow binding of double-stranded RNA (dsRNA) to the cellulose material;

and
(iii) separating the ssRNA from the cellulose material under conditions which

allow binding of dsRNA to the cellulose material.
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Method for determining at least one parameter of a sample composition
comprising nucleic acid, such as RNA, and optionally particles
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BIONTECH (DE)
quality control

The present disclosure relates generally to the field of analyzing a nucleic acid,
such as RNA, in particular to the determination of at least one parameter of a
sample composition comprising a nucleic acid, especially RNA, and optionally
particles.

1. A method for determining one or more parameters of a sample composition,
wherein the sample composition comprises RNA and optionally particles, the
method comprising:

(a) subjecting at least a part of the sample composition to field-flow fractionation,
thereby fractioning the components contained in the sample composition by their
size so as to produce one or more sample fractions;

(b) measuring at least the UV signal, and optionally the light scattering (LS)
signal, of least one of the one or more sample fractions obtained from step (a);
and

(c) calculating from the UV signal, and optionally from the LS signal, the one or
more parameters,

wherein the one or more parameters comprise the RNA integrity, the total
amount of RNA, the amount of free RNA, the amount of RNA bound to particles,
the size of RNA containing particles, the size distribution of RNA containing
particles, and the quantitative size distribution of RNA containing particles.
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Method for purifying RNA on a preparative scale by means of HPLC

fud 2006-12-22
UsS08383340
s 2008-07-03 hE IHe2| £
AU hE WSS SO R10-1183173
Eaiud CUREVAC (DE)
=9 EX RNA HAH7|&MHPLC) reverse phase chromatography
The application describes a method for the preparative purification of RNA, which
Qor method is distinguished in that the RNA is purified by means of HPLC using a
of

porous reversed phase as the stationary phase. The use of the porous reversed
phase in this HPLC method is also described.

1. A method for purifying RNA on a preparative scale, characterised in that the
RNA is purified by means of HPLC or low or normal pressure liquid
chromatography meth- ods using a porous reversed phase as stationary phase.

KR10-1183173 (3 11¥ 2012-09-14)
HAg 1
CHEETE  RNA EX ZEo| AN,

Ct3d Y& (porous reversed phase)2 & X| & (stationary phase)2 2 O|&3l0 1nds
M IAZOLEIO|HPLC) Ee MYOIL FHY HX IAZ0IEIDZ{IZ RNAE
HH oY,

471 O3d e o3d HYZs E2|AE Es= OEd HEZY
ZQ|AEACIHLHIMOl HEe EXOZ = RNAQ| MZX TFZ(preparative scale)

SH .
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Method for producing and purifying RNA, comprising at least one step of
tangential flow filtration
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tangential flow filtration AtE

The present invention relates to method for producing and purifying RNA
comprising the steps of providing DNA encoding the RNA; transcription of the
DNA into RNA; and conditioning and/or purifying of the solution comprising
transcribed RNA by one or more steps of tangential flow filtration

1. A method for producing and purifying RNA, comprising the steps of

A) providing DNA encoding the RNA;

B) transcription of the DNA to yield a solution comprising transcribed RNA; and
C) diafiltration and/or concentration and/or purification of the solution comprising
transcribed RNA by one or more steps of tangential flow filtration (TFF),

wherein the at least one or more steps of TFF comprises using a TFF membrane

cassette.
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Method for purifying RNA
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F2 5% high salt O] &, RNAQt Z8t5t= material(hydroxyl, sulfate group Z&) 0|&

The present invention relates to methods for purifying RNA by chromatography
under high salt conditions, e.g. by hydrophobic interaction chromatography.

I. Method for purifying RNA, comprising the steps of:

a) applying a sample containing RNA in an equilibration buffer having a high salt

concentration to a support material capable of binding the RNA under high salt
HEE T2 conditions, wherein the support comprises hydroxyl or sulfate groups;

b) optionally washing the support material with a washing buffer having a high

salt concentration; and

) eluting the nucleic acid from the support material with an elution solution.
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RNA purification methods

P 2013-03-15

SHE 2014-09-18 CHE DjR2] 53 US2016/0024139

3§l GLAXOSMITHKLINE (BE)

=g Ex tangential flow filtration, hydroxyapatite chromatography, core bead flow through

T e chromatography & O|&
Methods for purifying RNA from a sample, comprising one or more steps of
tangential flow filtration, hydroxyapatite chromatography, core bead flow-through
chromatography, or any combinations thereof. These techniques are useful

Qo individually, but show very high efficiency when used in combination, or when
o}

performed in particular orders. The methods can purify RNA in a highly efficient
manner without unduly compromising potency or stability, to provide
compositions in which RNA is substantially cleared of contaminants. Moreover,
they can be performed without the need for organic solvents.

1. A method for purifying RNA from a sample, comprising one or more steps of
CHEM TS tangential flow filtration, hydroxyapatite chromatography, core bead flow-through

chromatography, or any combinations thereof.
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Characterization of mRNA molecules
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F2 EH RTPCR, mapping, 2= =02, s28d &0 &

The present invention describes methods for the characterization of mMRNA
molecules during mRNA production. Characterizing mRNA includes processes such
as oligonucleotide mapping, reverse transcriptase sequencing, charge distribution
analysis, and detection of RNA impurities. Oligonucleotide mapping includes using
an RNase to digest antisense duplexes from an RNA transcript, and then

29 subjecting the digested RNA to reverse phase HPLC, anion exchange HPLC,
and/or mass spectrometry analysis. Reverse transcriptase sequencing involves
reverse transcription of an RNA transcript followed by DNA sequencing. Charge
distribution analysis can comprise procedures such as anion exchange HPLC, or
capillary electrophoresis. Detection of impurities includes detecting short mRNA
transcripts, RNA-RNA hybrids, and RNA-DNA hybrids.

1. A method for characterizing an RNA transcript, comprising:

obtaining the RNA transcript; and

characterizing the RNA transcript using a procedure selected from the group
CHEM TS consisting of oligonucleotide mapping, reverse transcriptase sequencing, charge

distribution analysis, and detection of RNA impurities, wherein characterizing

comprises determining the RNA transcript sequence, determining the purity of the

RNA transcript, or determining the charge heterogeneity of the RNA transcript.
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Analysis of mMRNA heterogeneity and stability

fud 2013-03-15
S 2014-09-08 Che mEel 59
=™ MODERNA (US)
o EF SEC(size exclusion chromatography), reverse phase HPLC

Reversed phase - High Performance (High Pressure) Liquid Chromatography
(RP-HPLC) and Size Exclusion Chromatography (SEC) methods have been
developed for monitoring structural and size heterogeneity as well as stability of
large RNA transcripts, including lengths of up to at least 10,000 nucleotides. The
methods are designed for significantly larger mRNAs that could be monitored in

29 the past, including lengths of up to at least 10,000 nucleotides, and including
chemically modified RNA transcripts. SEC techniques are also used in the
preparative purification of large RNA transcripts to remove impurities, including
hybridized nucleic acid impurities and multimeric RNA species. All of these
techniques are also beneficial in that they can be used for large scale
manufacturing of therapeutics.

1. A method for characterizing an aspect of a sample comprising a ribonucleic
acid (RNA) transcript and impurities, the method comprising:

delivering the sample across a reversed phase that is a stationary phase, the
sample delivered with at least one mobile phase, wherein the RNA transcript and
the impurities in the sample interact with the reversed phase to different degrees
such that the RNA transcript elutes through the reversed phase at rate that is
different from a rate at which each of the impurities elute through the reversed
phase, wherein the RNA transcript is 300 to 10,000 nucleotides in length or is

finl
Hl
ot
-4
oot

chemically modified;

eluting from the reversed phase a portion of the sample comprising the RNA
transcript and one or more separate portions of the sample comprising the
impurities; and

characterizing an aspect of the portion of the sample comprising the RNA
transcript or the portions of the sample comprising the impurities.

- 267 -



4,

T
o
)
ot
SE
)
)
2
[>
r (
oldt
M
1%

0 2 mRNA WAle] FAHY FQ EFEA AAH &

310 WO2014/144767 '3 RNAFHM @

lon exchange purification of mRNA
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=8 E4 AEX(anion exchange, POROS HQ50)

The current landscape for preparative chromatographic RNA purification uses
reversed phase HPLC, but this technique presents many issues with process scale
up and ion exchange for preparative purification has only been used for short
RNAs. The invention provides preparative purification of RNA (e.g., mRNA) using
ion (e.g, anion) exchange chromatography that allows for separation of longer
RNAs up to 10,000 nucleotides in length via a scalable method. This method
avoids problems with current techniques by using low pressure chromatography
that is agreeable with existing equipment in cGMP commercial facilities, that uses
aqueous-bases solutions as the mobile phase (rather than flammable organic
solvents), that uses sorbents displaying binding capacities of greater than 10 mg
RNA/mL resin (e.g., using larger pore sorbents, >500 Angstroms, that display
greater mRNA binding capacities), and that yields desired RNA salt forms for
downstream formulation with no additional manipulation necessary (unlike ion pair
reverse phase techniques).

1. A method for purifying a ribonucleic acid (RNA) transcript from a sample

comprising the RNA transcript and impurities, comprising:

contacting the sample to an ion exchange sorbent comprising a

positively-charged functional group linked to solid phase media, wherein the RNA

transcript in the sample binds the positively-charged functional group of the ion
CHEM TS exchange sorbent while at least a portion of the impurities in the sample pass

through or are captured by the ion exchange sorbent,

wherein the RNA transcript is 300 to 10,000 nucleotides in length or is chemically

modified; and

eluting from the ion exchange sorbent a purified sample comprising the RNA

transcript and a remaining portion of the impurities or captured impurities.
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Manufacturing methods for production of RNA transcripts
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Described are methods for production of RNA transcripts using a non-amplified,
29 linearized DNA tempate in an in vitro transcription reaction. Enzymatic 5 ' capping
and oligo dT purification can also be included in the methods.

1. A method for producing a composition comprising an R A transcript for a

gene of interest, the method comprising:

obtaining a sample comprising a linear, non-amplified DNA template, the DNA

template comprising an RNA polymerase promoter sequence operatively linked to
CHEE TS a target sequence coding for the gene of interest;

contacting the sample with a RNA polymerase and ribonucleotides to form a

reaction;

maintaining the reaction under a set of conditions sufficient for vitro transcription

to occur, thereby producing the composition comprising the RNA transcript.
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The present invention describes methods of removing DNA from an RNA
transcript during the mRNA production process. The method embodies procedures
for obtaining an in vitro transcription product, and removing any DNA from the
product. The DNA can be removed by adding either free DNase or a resin
containing immobilized DNase to the product, and recovering the RNA transcript.
Alternatively, the DNA template used in the in vitro transcription reaction is
9 labeled. After transcription, the product is applied to a resin that is configured to
bind the label, and the RNA transcript is recovered. To detect whether any
residual impurities are left in the RNA transcript product, the product is subjected
to nuclease digestion and subsequently to liquid chromatography-tandem mass
spectrometry analysis to quantitate any residual DNA. The present invention
demonstrates efficient and effective methods of isolating an RNA transcript from

an in vitro transcription product.

1. A method for removing a DNA template from a sample comprising said DNA
template and an RNA transcript, comprising:
obtaining the sample; and

CHEE TS subjecting the sample to a procedure that removes the DNA from the sample,
wherein the procedure is selected from the group consisting of DNase treatment
and removal of labeled DNA, thereby producing a product comprising the RNA

transcript.
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Disclosed herein are methods for purifying RNA comprising poly A. Also disclosed
herein are compositions such as surfaces and oligonucleotides for purifying RNA
comprising polyA. Other embodiments are also disclosed. Commercially-available
resins having polythymidine oligonucleotide ligands typically contain less than 30
thymidine (2'deoxy) residues and some commercial resin suppliers utilize a
distribution of dT chain lengths, not of a discreet length.

1. A method for purifying an ribonucleic acid (RNA) transcript comprising a polyA
tail, the method comprising:
a) obtaining a first sample comprising the RNA transcript, wherein the first sample
comprises at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% RNA transcript and at least 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% impurities, and wherein the percentage of RNA transcript and
the percentage of impurities are the inverse of each other;
b) contacting the first sample with a surface linked to a plurality of thymidines or
CHEE TS derivatives thereof and/or a plurality of uracils or derivatives thereof (polyT/U)
under conditions such that the RNA transcript binds to the surface;
) eluting the RNA transcript from the surface; and
d) collecting the RNA transcript in a second sample, wherein the second sample
comprises at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% RNA transcript and no more than
less than 1%, 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% impurities, and wherein
the percentage of RNA transcript and the percentage of impurities are the inverse
of each other.
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The invention features methods and apparatus for concentrating a nucleic acid.
Methods of the invention include providing an initial suspension of a nucleic acid
and an initial liquid, contacting the initial suspension with a housing having a
filter that does not pass the nucleic acid, pressurizing the housing to produce a
filtrate and a nucleic acid retentate from the initial solution, and detecting the
volume of the nucleic acid retentate. Apparatus of the invention include a
chamber configured to hold a filter housing containing a nucleic acid suspension,
a pressure source to filter the suspension, and a detector to depressurize the
housing upon detecting the volume reaching a predetermined threshold. The
methods and apparatus described herein are useful in filtering, concentrating, and
reconstituting nucleic acids, such as mRNA, in processes such as complete buffer

replacement.

1. A method of concentrating a nucleic acid, the method comprising:

a) providing an initial suspension comprising the nucleic acid and an initial liquid;
b) contacting the initial suspension with a housing having a filter that does not
pass the nucleic acid;

) pressurizing the housing to produce a filtrate and a nucleic acid retentate from
the initial suspension; and

d) detecting the volume of the nucleic acid retentate, wherein when the volume
reaches a predetermined threshold, the housing depressurizes, thereby

concentrating the nucleic acid.
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The invention features methods and apparatus for purifying a sample including an
RNA (e.g., an RNA having a poly(A) sequence, such as an mRNA). Methods of the
invention involve adding a liquid to a sample container including the sample and
a solid affinity material (e.g., oligo(dT) or hydroxyapatite), agitating the contents of
the sample, removing the liquid, and eluting the RNA of interest from the sample

container.

1. A method of purifying a sample including an RNA optionally having a poly(A)
sequence, the method comprising:

a) adding a liquid to a sample container comprising the sample and a solid
affinity material that binds to the RNA;

b) agitating the contents of the sample container to mix the RNA and the solid
affinity material; c) removing the liquid from the sample container; and

d) eluting the RNA from the solid affinity material.
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Provided herein, in some embodiments, are methods of purifying a nucleic acid
preparation. The methods may comprise contacting a nucleic acid preparation
comprising messenger ribonucleic acid with an RNase Il enzyme that is
immobilized on a solid support and binds to double-stranded RNA contaminants.

1. A method of purifying a nucleic acid preparation, comprising contacting a
nucleic acid preparation comprising messenger ribonucleic acid (mRNA) with an
RNase Il enzyme that is immobilized on a solid support, under conditions that
result in binding of the RNase Il enzyme to double-stranded RNA.
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Aspects of the disclosure relate to liquid chromatography (e.g., HPLC) methods
which enable high resolution separations of polynucleotides of various lengths,
sequences, and/or base compositions in a highly tunable manner. In some
embodiments, the disclosure describes liquid chromatographic methods for
separating a nucleic acid (e.g., a polyadenylated nucleic acid, such as an mRNA)
from a complex mixture by using multiple ion pairing agents in the same mobile
phase system. Accordingly, in some embodiments methods described by the
disclosure are useful for assessing the quality of pharmaceutical preparations

comprising nucleic acids.

1. A method of separating a nucleic acid from a mixture comprising one or more
additional nucleic acids or impurities, comprising the steps:

i. contacting a stationary phase of a reverse phase chromatography column with
the mixture; and

ii. eluting the nucleic acid with a mobile phase, wherein the mobile phase
comprises one or more solvents and two or more ion pairs, such that the nucleic
acid traverses the column with a retention time that is different than one or
more other nucleic acids of the mixture.
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Aspects of the disclosure relate to liquid chromatography (e.g., HPLC) methods
which enable high resolution separations of polynucleotides of various lengths,
sequences, and/or base compositions in a highly tunable manner. In some
embodiments, the disclosure describes liquid chromatographic methods for
separating a nucleic acid (e.g., a polyadenylated nucleic acid, such as an mRNA)
from a complex mixture by using multiple ion pairing agents in the same mobile
phase system. Accordingly, in some embodiments methods described by the
disclosure are useful for assessing the quality of pharmaceutical preparations

comprising nucleic acids.

1. A method of separating a nucleic acid from a mixture comprising one or more
additional nucleic acids or impurities, comprising the steps:

i. contacting a stationary phase of a reverse phase chromatography column with
the mixture; and

ii. eluting the nucleic acid with a mobile phase, wherein the mobile phase
comprises one or more solvents and two or more ion pairs, such that the nucleic
acid traverses the column with a retention time that is different than one or

more other nucleic acids of the mixture.
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Provided herein, in some embodiments, are methods of purifying low-salt RNA
compositions using denaturing oligo-dT chromatography.

1. A method comprising:

(a) desalting a mixture comprising ribonucleic acid (RNA) to produce a low-salt
RNA composition having a salt concentration of less than 20 mM,;

(b) heating the low-salt RNA composition to a temperature of higher than 60 °C
to produce denatured RNA;

EHE TS (¢ in-line mixing the composition comprising denatured RNA with a high-salt
buffer to produce a composition comprising denatured RNA and salt at a
concentration of at least 50 mM;

(d) binding the denatured RNA of the composition produced in (c) to an oligo-dT
resin at a temperature of lower than 40 °C; and
(e) eluting RNA from the oligo-dT resin.
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The present invention provides, among other things, methods of purifying
messenger RNA (mRNA) including the steps of subjecting an impure preparation
comprising in vitro synthesized mRNA to a denaturing condition, and purifying
the mRNA from the impure preparation from step (a) by tangential flow filtration,
wherein the mRNA purified from step (b) is substantially free of prematurely
aborted RNA sequences and/or enzyme reagents used in in vitro synthesis.

1. A method of purifying messenger RNA (mRNA), comprising
(a) subjecting an impure preparation comprising in vitro synthesized mRNA to a

denaturing condition; and
(b) purifying the mRNA from the impure preparation from step (a) by tangential

flow filtration;
wherein the mRNA purified from step (b) is substantially free of prematurely
aborted RNA sequences and/or enzyme reagents used in in vitro synthesis.
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The present invention provides, among other things, methods of purifying
messenger RNA (mRNA) including the steps of (a) precipitating mRNA from an
impure preparation; (b) subjecting the impure preparation comprising precipitated
mRNA to a purification process involving membrane filtration such that the
R 9F precipitated mRNA is captured by a membrane; and (c) eluting the captured
precipitated mRNA from the membrane by re-solubilizing the mRNA, thereby
resulting in a purified mRNA solution. In some embodiments, a purification
process involving membrane filtration suitable for the present invention s

tangential flow filtration.

1. A method of purifying messenger R A (mRNA), comprising

(a) precipitating mRNA from an impure preparation; and

(b) subjecting the impure preparation comprising precipitated mMmRNA to a
HEE 2 purification process involving membrane filtration such that the precipitated mRNA

is captured by a membrane; and

(c) eluting the captured precipitated mRNA from the membrane by re-solubilizing

the mRNA, thereby resulting in a purified mRNA solution.

- 279 -



4,

T
o
)
ot
SE
)
)
2
[>
r (
oldt
M
1%

00 2 mRNA WAle 3l Fa 5324, A4 &

322 WO02018/157133 '3 RNABHM

Methods for purification of messenger RNA

M 2017-02-27
US10808241
S 2018-08-30 E {2 E3
e = = US2021/0123041
=2lol TRANSLATE BIO (US)
=9 EX A, filter, washing S8t X

The present invention relates, in part, to methods for large-scale purification of
Qorf mRNA. The method includes, at least, steps of forming an mRNA slurry, stirring
the slurry, and vacuum or pressure filtering the slurry.

1. A method of purifying mRNA, comprising steps of:

providing a solution comprising mRNA;

adding one or more agents that promote precipitation of mRNA, thereby
obtaining a slurry;

CHEE S stirring the slurry prior to and/or while providing pressure to the slurry and/or a
vacuum to the slurry sufficient to direct the slurry's mother liquor through a filter,
thereby obtaining a precipitate-containing composition; and
washing the precipitate-containing composition, thereby yielding a purified mRNA
precipitate.
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The present invention relates, in part, to methods for large-scale purification of
mMRNA. The method includes, at least, a step of centrifuging an mRNA suspension
Qeor in a centrifuge comprising a porous substrate at a speed sufficient to remove
process contaminants and to precipitate purified mRNA composition onto the

porous substrate.

1. A method for purifying mRNA, comprising steps of:
providing a suspension comprising precipitated mRNA; and

HEM TS centrifuging the suspension in a centrifuge comprising a porous substrate such
that the precipitated mRNA is captured on the porous substrate, thereby purifying

contaminants from the mRNA.
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The present invention provides, among other things, methods for purifying
mMRNA based on normal flow filtration for therapeutic use.

1. A method for purifying messenger RNA (mRNA), the method comprising the
steps of:
(a) precipitating mRNA from a solution comprising one or more contaminants
from manufacturing the mRNA to provide a suspension comprising precipitated
MRNA;

HEME TS (b) subjecting the suspension comprising the precipitated mRNA to a filter
wherein the precipitated mRNA is retained by the filter;
(c) dissolving the precipitated mRNA retained by the filter in step (b) thereby
allowing purified mRNA to pass through the filter; and (d) recovering the purified

mRNA from step (c);
wherein each of steps (b), and (c) is conducted using normal flow filtration.
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The present invention provides, among other things, methods for purifying mRNA,
which involves removing impurities from a messenger RNA preparation
synthesized by large scale in vitro transcription process (IVT), by precipitating the
IVT-synthesized mRNA in a buffer comprising a denaturing salt in combination
with a reducing agent, followed by capturing the precipitated mRNA and
dissolving the captured mRNA into a solution to obtain purified mRNA.

1. A method for removing impurities from a messenger RNA (mRNA) preparation
synthesized by large scale in vitro transcription process (IVT), the method
comprising:

precipitating the IVT-synthesized mRNA in a buffer comprising a denaturing salt
in combination with a reducing agent;

capturing the precipitated mRNA; and

dissolving the captured mRNA into a solution, thereby purifying the mRNA.
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The present invention provides, among other things, methods for purifying high
quality messenger RNA (mRNA) suitable for clinical use, without using any caustic
or flammable solvents. The present invention is, in part, based on surprising
discovery that mRNA can be successfully purified by selective precipitation and

QOF

- washing without using ethanol while maintaining integrity and high purity of
mRNA. Thus, the present invention provides an effective, reliable, and safer
method of purifying RNA from large scale manufacturing process therapeutic
applications without using any caustic or inflammable solvents.
1. A method of purifying messenger RNA (mRNA) comprising:
a) precipitating the mRNA in a suspension comprising a high molar salt solution
and an amphiphilic polymer to provide precipitated mRNA;

R b) capturing the precipitated mRNA;

c) washing the precipitated mRNA captured in step b) with a wash solution to
purify the precipitated mRNA; and

d) solubilizing the precipitated mRNA from step c) to obtain a purified mRNA
composition.
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The present invention provides, among other things, methods for purifying high
quality messenger (mRNA) suitable for clinical use. The present invention is, in
part, based on surprising discovery that capping and tailing mRNA in reaction

29 buffer having a pH lower than 8.0 and MgCl2 at a concentration of less than
125 mM can increase RNA integrity of final mRNA product. Thus, the present
invention provides an effective, reliable, and efficient method of manufacturing
high quality RNA at large scale for therapeutic use.

1. A method of capping and tailing an in vitro transcribed purified messenger
RNA (mRNA) preparation, the method comprising capping and tailing the mRNA
in a reaction buffer comprising MgCl2 and having a pH lower than 8.0.
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The invention relates to methods of preparing and assessing purified preparations
of an RNA comprising a modified nucleoside. Thus, in one embodiment, the
invention is a purified preparation of messenger RNA comprising a
1-methylpseudouridine residue. In some embodiments, the messenger RNA also
comprises a polyA tail. In some embodiments, the messenger RNA also comprises
an m7GpppG cap. In some embodiments, the messenger RNA also comprises a
cap-independent translational enhancer. In some embodiments, the messenger
RNA comprises at least about 95% to about 99.9% of all the nucleic acid present
in the purified preparation. In some embodiments, the purified preparation of
messenger RNA is significantly less immunogenic than an unpurified preparation
of messenger RNA with the same sequence.

1. A purified preparation of messenger RNA comprising a 1-methylpseudouridine
residue.
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Use of the compounds as a component of lipid nanoparticle formulations for
29f delivery of a therapeutic agent, compositions comprising the compounds and
methods for their use and preparation are also provided.

1. A compound having a structure of Formula Ib:

R‘l a R2a R3 a R4a

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

wherein:

L1 and L2 are each independently -0(C=0)-, -(C=0)0- or a carbon- carbon double

bond;

Rla and Rlb are, at each occurrence, independently either (a) H or C1-C12 alkyl,

or (b) Rla is H or C1-C12 alkyl, and RIb together with the carbon atom to which

it is bound is taken together with an adjacent Rlb and the carbon atom to which
CHEA S it is bound to form a carbon-carbon double bond;

R2a and R2b are, at each occurrence, independently either (a) H or C1-C12 alkyl,

or (b) R2a is H or C1-C12 alkyl, and R2b 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;

R3a and R3b are, at each occurrence, independently either (a) H or C1-C12 alkyl,

or (b) R3a is H or C1-C12 alkyl, and R3b 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;

R4a and R4b are, at each occurrence, independently either (a) H or C1-C12 alkyl,

or (b) Rda is H or C1-C12 alkyl, and R4b together with the carbon atom to

which it is bound is taken together with an adjacent R4b and the carbon atom

to which it is bound to form a carbon-carbon double bond;

R5 and R6 are each independently methyl or cycloalkyl;

R7 is, at each occurrence, independently H or C1-C12 alkyl; R8 and R9 are each

independently unsubstituted C1-C12 alkyl; or R8 and R9, together with the
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nitrogen atom to which they are attached, form a 5 6 or 7- membered
heterocyclic ring comprising one nitrogen atom;

a and d are each independently an integer from 0 to 24; b and c are each
independently an integer from 1 to 24; and e is 1 or 2,

provided that:

at least one of Rla, R2a, R3a or R4a is C1-C12 alkyl, or at least one of L1 or L2
is -0(C=0)- or -(C=0)0-; and

Rla and Rlb are not isopropyl when a is 6 or n-butyl when a is 8.
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Compounds are provided having the following structure: Formula () or a
pharmaceutically acceptable salt, tautomer or sterecisomer thereof, wherein R1a,
R1b, R2a, R2b, R3a, R3b, R4a, R4b, R5, R6, R7, R8, R9, L1, L2, G1, G2, G3, a, b, ¢
and d are as defined herein. Use of the compounds as a component of lipid

0
2

nanoparticle formulations for delivery of a therapeutic agent, compositions
comprising the compounds and methods for their use and preparation are also
provided.

1. A compound having a structure of Formula I:
R1a RZa RBa R4a

Rs/% L1%N’$?L2%Rﬁ
b

R1b RZb RSb R

RSN ®
I,
I
or a pharmaceutically acceptable salt, tautomer, prodrug or stereoisomer thereof,
wherein:
L1 and L2 are each independently -0(C=0)-, -(C=0)0-, -C(=0)-, -0-, -S(O)x-, -S-S-,
-C(=0)S-, -SC(=0)-, - RaC(=0)-, -C(=0) Ra-, - RaC(=0) Ra-, -OC(=0) Ra-,

RaC(=0)0- or a direct bond;

Y G1 is Ci-C2 alkylene, - (C=0)-, -0(C=0)-, -SC(=0)-, - RaC(=0)- or a direct bond:

-C(=0)-, -(C=0)0-, -C(=0)S-, -C(=0) Ra- or a direct bond;

G is Ci-C6 alkylene;

Ra is H or C1-C12 alkyl;

Rla and Rlb are, at each occurrence, independently either: (@) H or C1-C12 alkyl;
or (b) Rla is H or C1-C12 alkyl, and RIb 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;

R2a and R2b are, at each occurrence, independently either: (@) H or C1-C12
alkyl; or (b) R2a is H or C1-C12 alkyl, and R2b 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;

R3a and R3b are, at each occurrence, independently either (a): H or C1-C12
alkyl; or (b) R3a is H or C1-C12 alkyl, and R3b together with the carbon atom to
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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;

R4a and R4b are, at each occurrence, independently either: (@) H or C1-C12
alkyl; or (b) R4a is H or C1-C12 alkyl, and R4b together with the carbon atom to
which it is bound is taken together with an adjacent R4b and the carbon atom
to which it is bound to form a carbon-carbon double bond;

R5 and R6 are each independently H or methyl;

R7 is C4-C20 alkyl;

R8 and R9 are each independently C1-C12 alkyl; or R8 and R9, together with
the nitrogen atom to which they are attached, form a 5 6 or 7-membered
heterocyclic ring;

a, b, c and d are each independently an integer from 1 to 24; and x is 0, 1 or 2.
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Compounds are provided having the following structure: (I) or a pharmaceutically
acceptable salt, tautomer or stereoisomer thereof, wherein R1, R2, R3, L1, L2, GT,
G2 and G3 are as defined herein. Use of the compounds as a component of lipid

0
2

nanoparticle formulations for delivery of a therapeutic agent, compositions
comprising the compounds and methods for their use and preparation are also
provided.

1. A compound having the following structure (l):

R3
\ (|33
I N 2
O TCT A e

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

one of L1 or L2 is -0(C=0)-, -(C=0)0-, -C(=0)-, -0-, -S(0)x-, -S-S-, -C(=0)S-,

-SC(=0)-, -NRaC(=0)-, -C(=0)NRa-, NRaC(=0)NRa-, -OC(=0)NRa- or -NRaC(=0)0-,

and the other of L1 or L2 is -0(C=0)-, -(C=0)0-, -C(=0)-, -0-, -S(O)x-, -S-S-,
CHEE RS -C(=0)S-, SC(=0)-, -NRaC(=0)-, -C(=0)NRa-, , NRaC(=0)NRa-, -OC(=0)NRa- or

-NRaC(=0)0- or a direct bond;

G1 and G2 are each independently unsubstituted C1-C12 alkylene or C1-C12

alkenylene;

G3 is C1-C24 alkylene, C1-C24 alkenylene, C3-C8 cycloalkylene, (C3-C8

cycloalkenylene;

Ra is H or C1-C12 alkyl;

R1 and R2 are each independently C6-C24 alkyl or C6-C24 alkenyl;

R3 is H, OR5, CN, -C(=0)OR4, -OC(=0)R4 or -NR5C(=0)R4;

R4 is C1-C12 alkyl;

R5 is H or C1-C6 alkyl; and

xis 0, 1 or 2.
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Lipids and lipid nanoparticle formulations for delivery of nucleic acids
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Compounds are provided having the following structure (I) or (ll) or a
pharmaceutically acceptable salt, tautomer or stereoisomer thereof, wherein R, R1,
R2, L, X, L, G1, G2, Z, al, a2 and n are independently as defined herein for each
of structures (I) and (ll). Use of the compounds as a component of lipid
nanoparticle formulations for delivery of a therapeutic agent, compositions
comprising the compounds and methods for their use and preparation are also
provided.

1. A compound having the following structure (l):

R R!

),) {
al G
L—X

R; R?

i}
U]

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
one of G1 or G2 is, at each occurrence, -0(C=0)-, -(C=0)0-, -C(=0)-, -0-, -S(0) ,
-S-S-, -C(=0)S-, SC(=0)-, -N(Ra)C(=0)-, -C(=0)N(Ra)-,  -N(Ra)C(=0)N(Ra)-,
-OC(=0)N(Ra)- or -N(Ra)C(=0)0-, and the other of G1 or G2 is, at each
occurrence, -0(C=0)-, -(C=0)0-, -C(=0)-, -0-, -S(0) , -S-S-, -C(=0)S-, -SC(=0)-,
-N(Ra)C(=0)-, -C(=0)N(Ra)-, -N(Ra)C(=0)N(Ra)-, -OC(=0)N(Ra)- or -N(Ra)C(=0)0- or
a direct bond;

L is, at each occurrence, ~0(C=0)-, wherein ~ represents a covalent bond to X;

X is CRa;

Z is alkyl, cycloalkyl or a monovalent moiety comprising at least one polar
functional group when n is 1; or Z is alkylene, cycloalkylene or a polyvalent
moiety comprising at least one polar functional group when n is greater than 1;
Ra is, at each occurrence, independently H, C1-C12 alkyl, C1-C12 hydroxylalkyl,
C1-C12  aminoalkyl, C1-C12 alkylaminylalkyl, ~C1-C12  alkoxyalkyl, C1-C12
alkoxycarbonyl, C1-C12 alkylcarbonyloxy, C1-C12 alkylcarbonyloxyalkyl or C1-C12
alkylcarbonyl;

R is, at each occurrence, independently either: (a) H or C1-C12 alkyl; or (b) R
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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;

R1 and R2 have, at each occurrence, the following structure, respectively:

R
R
B
", b’
d1
R

al and a2 are, at each occurrence, independently an integer from 3 to 12;

b1 and b2 are, at each occurrence, independently 0 or 1;

c1 and c2 are, at each occurrence, independently an integer from 5 to 10;

d1 and d2 are, at each occurrence, independently an integer from 5 to 10;

y is, at each occurrence, independently an integer from 0 to 2; and

n is an integer from 1 to 6,

wherein each alkyl, alkylene, hydroxylalkyl, aminoalkyl, alkylaminylalkyl, alkoxyalkyl,
alkoxycarbonyl,  alkylcarbonyloxy, alkylcarbonyloxyalkyl and alkylcarbonyl s
optionally substituted with one or more substituent.
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Lipid nanoparticle formulations
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Improved formulations of lipid nanoparticles are provided. Use of the lipid
L2kl nanoparticles for delivery of a therapeutic agent and methods for their
preparation are also provided.

1. A lipid nanoparticle comprising:
i) between 40 and 50 mol percent of a cationic lipid;
ii) a neutral lipid;
W Es Bl iii) a steroid;
iv) a polymer conjugated lipid; and
v) a therapeutic agent, or a pharmaceutically acceptable salt thereof,
encapsulated within or associated with the lipid nanoparticle.
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Lipids for delivery of active agents
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Compounds are provided having the following structure: Formula () or a
pharmaceutically acceptable salt, tautomer or stereoisomer thereof, wherein R, R1,
R2, G1, G2 and n are as defined herein. Use of the compounds as a component
of lipid nanoparticle formulations for delivery of a therapeutic agent, compositions
comprising the compounds and methods for their use and preparation are also
provided.

1. A compound having the following structure (l):

\%’

G! R
1 2
R \/N\GZfR
(D

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
G1 is —OH, —NR3R4, —(C=0O)NR5 or —NR3(C=0)R5;

G2 is —CH2— or —(C=0)—;

R is, at each occurrence, independently H or OH;

R1 and R2 are each independently optionally substituted branched, saturated or
unsaturated C12-C36 alkyl;

R3 and R4 are each independently H or optionally substituted straight or
branched, saturated or unsaturated CI-C6 alkyl;

R5 is optionally substituted straight or branched, saturated or unsaturated CI-C6
alkyl; and

n is an integer from 2 to 6.
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Lipid delivery of therapeutic agents to adipose tissue
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A method of treating a disease mediated by protein expression in adipose tissue
by intraperitoneally administering a composition comprising a lipid nanoparticle
encapsulating or associated with a therapeutic agent (e.g., a nucleic acid), thereby
29 delivering the therapeutic agent to adipose tissue of the subject and altering
protein expression in the adipose tissue is provided herein. A method for
delivering a therapeutic agent to adipose tissue of a subject in need thereof is

also provided.

1. A method for treating a disease mediated by protein expression in adipose
tissue of a subject in need thereof, the method comprising:

intraperitoneally administering a therapeutically effective amount of a composition
comprising a lipid nanoparticle, the lipid nanoparticle comprising a therapeutic
agent, or a pharmaceutically acceptable salt or prodrug thereof, encapsulated
within or associated with the lipid nanoparticle, thereby delivering the therapeutic
agent to adipose tissue of the subject and altering protein expression in the

adipose tissue.
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Lipids for use in lipid nanoparticle formulations
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Compounds are provided having the following structure (I) or a pharmaceutically
acceptable salt, tautomer or stereoisomer thereof, wherein R1a, R1b, R2a, R2b,
R3a, R3b, R4a, R4b, R5, R6, R7, R8, L1, L2, G1, G2, G3, a, b, c and d are as
defined herein. Use of the compounds as a component of lipid nanoparticle
formulations for delivery of a therapeutic agent, compositions comprising the

cationic lipid

CHE D{Y2] £S5 US2020/0172472

A
23 ¥y m

LNP

compounds and methods for their use and preparation are also provided.

1. A compound having a structure of Formula I:

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

L1 and L2 are each independently -0(C=0)-, -(C=0)0-, -C(=0)-,

a¢
wherein:
-C(=0)S-, -SC(=0)-,
-NRaC(=0)0- oi a dheel bund;
e

Ay

}“Lf"q* Re
R*

2
GLE A

o
3
quu

I

0-, -S(0)x-s -S-S-,
-C(=0)NRa-, -NRaC(=0)NRa-, -OC(=0)NRa-,

G1 is C-C2 alkylene, -(C=0)-, -0(C=0)-, -SC(=0)-, -NRaC(=0)- or a direct bond;
G2 is -C(0)-, -(CO)O-, -C(=0)S-, -C(=0)NRa- or a direct bond;

G3 is Ci-C6 alkylene;

Ra is H or Ci-Ci2 alkyl;

Rl a and Rlb are, at each occurrence, independently either: (a) H or C1-C12 alkyl;
or (b) Rla is H or C1i-C12 alkyl,
which it is bound is taken together with an adjacent Rl b and the carbon atom

to which it is bound to form a carbon-carbon double bond;

R2a and R2b are, at each occurrence, independently either: (a) H

to which it is bound to form a carbon-carbon double bond;

R3a and R3b are, at each occurrence, independently either (a): H

and Rl b together with the carbon atom to

or C1-C12
alkyl; or (b) R2a is H or C1-C12 alkyl, and R2b together with the carbon atom to
which it is bound is taken together with an adjacent R2b and the carbon atom

or C1-C12
alkyl; or (b) R3a is H or Ci-C)2 alkyl, and R3b together with the carbon atom to



LS|
]

ot

M

00 T8 mRNA WA FRW Fo SR, QAW B4 AT 2 doldx AR

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;

R4A and R4B are, at each occurrence, independently either: (@) H or C1 -C12
alkyl; or (b) R4A is H or C1-C12 alkyl, and R4B together with the carbon atom to
which it is bound is taken together with an adjacent R4B and the carbon atom
to which it is bound to form a carbon-carbon double bond;

R5 and R6 are each independently H or methyl;

R7 is H or C1-C20 alkyl;

R8 is OH, -N(R9)(C=0)R10, -(C=0)NR9R10, -NRIR10, -(C=0)0OR" 1 or -0(C=0)R" ,
provided that G3 is C4-C6 alkylene when R8 is -NR9R10,

R9 and R10 are each independently H or C1-C12 alkyl;

R" is aralkyl;

a, b, c and d are each independently an integer from 1 to 24; and

xis 0, 1 or 2,

wherein each alkyl, alkylene and aralkyl is optionally substituted.
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Lipids for use in lipid nanoparticle formulations
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Compounds are provided having the following structure: [Formula should be
inserted here] or a pharmaceutically acceptable salt, tautomer or sterecisomer
thereof, wherein R3, L1, L2, G1, G2 and G3 are as defined herein. Use of the
compounds as a component of lipid nanoparticle formulations for delivery of a

0
2

therapeutic agent, compositions comprising the compounds and methods for their
use and preparation are also provided.

1. A compound having the following structure (l):

R
"‘MGJ

@

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
L1 is -OR1, -S(O)xR', -S-SR1, -C(=0)SR', -SC(=0)R', -NRaC(=0)R', -C(=0)NRbRc,
-NRaC(=0)NRbR¢c, -OC(=0)NRbRc or -NRaC(=0)OR’;

L2 is -0(C=0)R2, -(C=0)OR2, -C(=0)R2, -OR2, -S(0)xR2, -S-SR2, -C(=0)SR2,
-SC(=0)R2, -NRdC(=0)R2, -C(=0)NReRf, -NRAC(=0)NReRf, -OC(=0)NReRf;
-NRdC(=0)OR2 or a direct bond to R2;

G1 and G2 are each independently C2-C12 alkylene or C2-C12 alkenylene;

fEsTe G3 is C1-C24 alkylene, C2-C24 alkenylene, C3-C8 cycloalkylene or C3-C8
cycloalkenylene;

Ra, Rb, Rd and Re are each independently H or C1-C12 alkyl or C1-C12 alkenyl;

Rc and Rf are each independently C1-C12 alkyl or C2-C12 alkenyl;

R1 and R2 are each independently branched C6-C24 alkyl or branched C6-C24
alkenyl;

R3 is -N(R4)R5;

R4 is C1-C12 alkyl;

R5 is substituted C1-C12 alkyl; and

x is 0, 1 or 2, and

wherein each alkyl, alkenyl, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
aryl and aralkyl is independently substituted or unsubstituted unless otherwise

specified.
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Lipids for use in lipid nanoparticle formulations

By
)
i
M
o
r

[e}

SE
)
)
2
[>
r (
oldt
M
1%

M 2017-08-17
S/HE 2019-02-21 OiE mj2e2| £3 US2021/0122702
=/ ACUITAS (CA)

=9 EZ cationic lipid 2% 2 =gt

Compounds are provided having the following structure (I) or a pharmaceutically
acceptable salt, tautomer or stereoisomer thereof, wherein G1, G1', G2, G2', G3,
L1, L1, L2, L2', X, X', Y and Y' are as defined herein. Use of the compounds as a

= component of lipid nanoparticle formulations for delivery of a therapeutic agent,
compositions comprising the compounds and methods for their use and
preparation are also provided.
1. A compound having the following structure (l):
o 2 i
lx- Yy— Gly— x
?—G? (el 4
(D)
or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
X and X' are each independently N or CR;
Y and Y' are each independently absent, -0(C=0)-, -(C=0)0- or NR, provided that:
a) Y is absent when X is N;
b) Y' is absent when X' is N;
c) Y is -0(C=0)-, -(C=0)0- or NR when X is CR; and
d) Y' is -0(C=0)-, -(C=0)0- or NR when X' is CR,
L1 and L1' are each independently -0(C=0)R', -(C=0)0R' , -C(=0)R’, -OR1, -S(0)zR',
a2 R

-S-SR1, -C(=0)SR', -SC(=0)R, -NRaC(=0)R', -C(=0)NRbRc, -NRaC(=0)NRbRc,
-OC(=0)NRbRc or -NRaC(=0)OR’;

L2 and L2' are each independently -0(C=0)R2, -(C=0)OR2, -C(=0)R2, -OR2,
-S(0)zR2, -S-SR2, -C(=0)SR2, -SC(=0)R2, -NRdC(=0)R2, -C(=0)NReRf,
-NRdC(=0)NReRf, -OC(=0)NReRf;-NRdC(=0)OR2 or a direct bond to R2;

G1, G1, G2 and G2' are each independently C2-C12 alkylene or C2-C12
alkenylene;

G is C2-C24 heteroalkylene or C2-C24 heteroalkenylene;

Ra, Rb, Rd and Re are, at each occurrence, independently H, C1-C12 alkyl or C2-
C12 alkenyl;

Rc and Rf are, at each occurrence, independently C1-C12 alkyl or C2-C12 alkenyl;
R is, at each occurrence, independently H or Ci-Ci2 alkyl;

R1 and R2 are, at each occurrence, independently branched C6-C24 alkyl or
branched C6-C24 alkenyl;
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wherein  each alkyl, alkenyl, alkylene, alkenylene, heteroalkylene and
heteroalkenylene is independently substituted or unsubstituted unless otherwise
specified.
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Compounds are provided having the following structure (I) or a pharmaceutically
acceptable salt, tautomer or stereoisomer thereof, wherein X, Y, L1, L2, L3, G1, G2
and G3 are as defined herein. Use of the compounds as a component of lipid
nanoparticle formulations for delivery of a therapeutic agent, compositions
comprising the compounds and methods for their use and preparation are also

provided.
1. A compound having the following structure (l):
G- 12
/
I —G3- Y— X
Gl 31

(D

or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
X is N, and Y is absent; or X is CR, and Y is NR;

LT is -0(C=0)R1, -(C=0)OR1, -C(=0)R1, -OR1, -S(0)xR1, -S-SR1, -C(=0)SRT1,
-SC(=0)R1, -NRaC(=0)R1, -C(=0)NRbRc, -NRaC(=0)NRbRc, -OC(=0)NRbRc or
-NRaC(=0)OR1;

L2 is -0(C=0)R2, -(C=0)OR2, -C(=0)R2, -OR2, -S(0)xR2, -S-SR2, -C(=0)SR2,
-SC(=0)R2, -NRdC(=0)R2, -C(=0)NReRf, -NRdC(=0)NReRf,  -OC(=0)NReRf,

CHEE Y -NRAC(=0)OR2 or a direct bond to R2;

L3 is -0(C=0)R3 or -(C=0)ORS3;

G1 and G2 are each independently C2-C12 alkylene or C2-C12 alkenylene;

G3 is C1-C24 alkylene, C2-C24 alkenylene, C1-C24 heteroalkylene or C2- C24
heteroalkenylene when X is CR, and Y is NR; and G3 is CI-C2 heteroalkylene or
C2-C24 heteroalkenylene when X is N, and Y is absent;

Ra, Rb, Rd and Re are each independently H or C1-C12 alkyl or C1-C12 alkenyl;

Rc and Rf are each independently C1-C12 alkyl or C2-C12 alkenyl;
each R is independently H or C1-C12 alkyl;

R1, R2 and R3 are each independently C1-C24 alkyl or C2-C24 alkenyl; and
xis 0, 1 or 2, and
wherein  each alkyl, alkenyl, alkylene, alkenylene, heteroalkylene and
heteroalkenylene is independently substituted or unsubstituted unless otherwise
specified.
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Lipid nanoparticles having lamellar morphologies are provided. Use of the lipid
nanoparticles for delivery of a therapeutic agent and methods for their

preparation are also provided.

1. A lipid nanoparticle comprising at least 40 mol percent of a cationic lipid and
a nucleic acid, or a pharmaceutically acceptable salt thereof, encapsulated within
the lipid nanoparticle, wherein the lipid nanoparticle comprises a bilayer structure
forming a perimeter around an interior volume of the lipid nanoparticle, the
bilayer structure comprising one or more spheroid structures appended thereto.
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Systems including specific arrangements of pumps, valves, and conduits, such as
Qor for mixing precursors to lipid nanoparticles to form the lipid nanoparticles, are
B provided. Methods of using such systems to manufacture the lipid nanoparticles
are also provided.
1. A system, comprising:
a first reservoir, the first reservoir containing an organic lipid stock solution;
a first pump having a first pump inlet and a first pump outlet, the first pump
inlet fluidically coupled to the first reservoir;
a second reservoir, the second reservoir containing an aqueous nucleic acid stock
solution;
a second pump having a second pump inlet and a second pump outlet, the
second pump inlet fluidically coupled to the second reservoir;
a valve having a first valve inlet port fluidically coupled to the first pump outlet,
a second valve inlet port fluidically coupled to the second pump outlet, a first
I A st valve outlet port, and a second valve outlet port; and

a mixing assembly having a first mixing assembly inlet fluidically coupled to the
first valve outlet port, a second mixing assembly inlet fluidically coupled to the
second valve outlet port, and a mixing assembly outlet, wherein the first mixing
assembly inlet is fluidically coupled to the mixing assembly outlet and the second
mixing assembly inlet is fluidically coupled to the mixing assembly outlet;

wherein the valve has a first operating position in which the first valve inlet port
is fluidically coupled to the first valve outlet port and the second valve inlet port
is fluidically coupled to the second valve outlet port and a second operating
position in which the first valve inlet port is not fluidically coupled to the first
valve outlet port and the second valve inlet port is not fluidically coupled to the
second valve outlet port.
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Lipids for lipid nanoparticle delivery of active agents

M 2018-10-18
S/HE 2020-04-23 e ez £
3§l ACUITAS (CA)

=9 EZ cationic lipid 2% 2 =gt

Compounds are provided having the following structure: (I) or a pharmaceutically
acceptable salt, tautomer or stereoisomer thereof, wherein G1, R1, R2, L, and n
are as defined herein. Use of the compounds as a component of lipid
nanoparticle formulations for delivery of a therapeutic agent, compositions
comprising the compounds and methods for their use and preparation are also
provided.

1. A compound having the following structure (l):
GLH/L\N R
n |L2
M

or a pharmaceutically acceptable salt, tautomer, or stereoisomer thereof, wherein:
G1 is -N(R3)R4 or -OR5;

R1 is optionally substituted branched, saturated or unsaturated C12-C36 alkyl;

R2 is optionally substituted branched or unbranched, saturated or unsaturated
C12-C36 alkyl when L is -C(=0)-; or R2 is optionally substituted branched or

R3Sl unbranched, saturated or unsaturated C4-C36 alkyl when L is C6-C12 alkylene,
C6-C12 alkenylene, or C2-C6 alkynylene;

R3 and R4 are each independently H, optionally substituted branched or
unbranched, saturated or unsaturated Ci-C6 alkyl; or R3 and R4 are each
independently optionally substituted branched or unbranched, saturated or
unsaturated C1-C6 alkyl when L is C6-C12 alkylene, C6-C12 alkenylene, or C2-C6
alkynylene; or R3 and R4, together with the nitrogen to which they are attached,
join to form a heterocyclyl;

R5 is H or optionally substituted C1-C6 alkyl;

L is -C(=0)-, C6-C12 alkylene, C6-C12 alkenylene, or C2-C6 alkynylene; and

n is an integer from 1 to 12.
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Compounds are provided having the following structure: (I) or a pharmaceutically
acceptable salt, tautomer, or stereoisomer thereof, wherein R1, R2, R3, R4, R5, L1,
L2, L3, G1, G2, and G3 are as defined herein. Use of the compounds as a
component of lipid nanoparticle formulations for delivery of a therapeutic agent,
compositions comprising the compounds and methods for their use and
preparation are also provided.

1. A compound having the following structure (l):

R 0O 127 g2
.Y
R¥ L' r~|1 L? R3
1
G‘“*»Fu
i)

or a pharmaceutically acceptable salt, tautomer, or stereoisomer thereof, wherein:
R1 is optionally substituted C1-C24 alkyl or optionally substituted C2-C24 alkenyl;
R2 and R3 are each independently optionally substituted C1-C36 alkyl;

R4 and R5 are each independently optionally substituted C1-C6 alkyl, or R4 and
R5 join, along with the N to which they are attached, to form a heterocyclyl or
heteroaryl;

L1, L2, and L3 are each independently optionally substituted C1-C18 alkylene;

G1 is a direct bond, —(CH2)nO(C=0)—, —(CH2)n(C=0)0—, or —(C=0)—;

G2 and G3 are each independently —(C=0)O— or —O(C=0)—; and

n is an integer greater than 0.
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Improved lipid nanoparticles for delivery of nucleic acids
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Lipid nanoparticles having improved properties are provided. Use of the lipid
L2kl nanoparticles for delivery of a therapeutic agent to primates for treatment of
various indications is also described.

1. A method for delivering a nucleic acid to a primate in need thereof,
comprising administering a lipid nanoparticle (LNP) to the primate, the LNP
comprising:
i) a nucleic acid, or a pharmaceutically acceptable salt thereof, encapsulated within
the LNP;

CHEETE i) a cationic lipid;
iii) a neutral lipid;
iv) a steroid; and
v) a polymer-conjugated lipid,
wherein a plurality of the LNPs has a mean particle diameter ranging from 40 nm
to 70 nm.
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Methods and compositions for delivery of nucleic acids
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Eaiud ACUITAS & ARBUTUS (CA)
=g £x JEE Bt cationic lipid, second cationic lipid, neutral lipid, lipid capable of
reducing aggregation
A lipid particle can include a plurality of cationic lipids, such as a first cationic
lipid and a second cationic lipid. The first cationic lipid can be selected on the
Qot basis of a first property and the second cationic can be selected on the basis of
- a second property. The first and second properties are complementary. The
attributes of the lipid particle can reflect the selected properties of the cationic
lipids, and the complementary nature of those properties.
1. A method of making a lipid particle, comprising:
selecting a first cationic lipid having a first property; selecting a second cationic
HEE s lipid having a second property, wherein the first and second properties are
o o

complementary; and
combining the first cationic lipid and the second cationic lipid with a neutral

lipid, and a lipid capable of reducing aggregation.
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The invention relates to mMRNA comprising lipid nanoparticles and their medical
uses. The lipid nanoparticles of the present invention comprise a cationic lipid
according to formula (1), (Il) or (lll) and/or a PEG lipid according to formula (IV),

29 as well as an mRNA compound comprising an mRNA sequence encoding an
antigenic peptide or protein. The invention further relates to the use of said lipid
nanoparticles as vaccines or medicaments, in particular with respect to influenza
or rabies vaccination.

1. A lipid nanoparticle comprising
(i) a cationic lipid with the formula IlI:

3
R \?3

L! N L2
- \‘\. e i
R1 G’ G2 R? (1)

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

L1 or L2 is each independently -0(C=0)-, -(C=0)0-, -C(=0)-, -0-, -S(0)x-, -S-S-,
-C(=0)S-, -SC(=0)-, -NRaC(=0)-, -C(=0)NRa-, -NRaC(=0)NRa-, -OC(=0)NRa- or
-NRaC(=0)0-, preferably L1 or L2 is -0(C=0)- or -(C=0)0-;

G1 and G2 are each independently unsubstituted C1-C12 alkylene or C1-C12
alkenylene;

G3 is C1-C24 alkylene, C1-C24 alkenylene, C3-C8 cycloalkylene, or C3-C8
cycloalkenylene;

Ra is H or C1-C12 alkyl;

R1 and R2 are each independently C6-C24 alkyl or C6-C24 alkenyl;

R3 is H, OR5, CN, -C(=0)OR4, -OC(=0)R4 or -NR5C(=0)R4;

R4 is C1-C12 alkyl;

R5 is H or C1-C6 alkyl; and

xis 0, 1 or 2;

(i) @ mRNA compound comprising an mRNA sequence encoding at least one
antigenic peptide or protein, wherein the mRNA compound optionally does not
comprise a nucleoside modification, in particular not a base modification;

wherein the mRNA compound is encapsulated in or associated with said lipid
nanoparticle.
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Nucleoside—modified RNA for inducing an adaptive immune response
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The present invention relates to compositions and methods for inducing adaptive
immune response in a subject. In certain embodiments, the present invention
provides a composition comprising a nucleoside-modified nucleic acid molecule
encoding an antigen, adjuvant, or a combination thereof. For example, in certain
embodiments, the composition comprises a vaccine comprising a
nucleoside-modified nucleic acid molecule encoding an antigen, adjuvant, or a

combination thereof.

1. A composition for inducing an adaptive immune response in a subject, the
composition comprising at least one nucleoside-modified RNA encoding at least

one antigen.
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The present invention generally relates to compositions and methods for inducing
an adaptive immune response in a subject. In certain embodiments, the present
invention provides a composition comprising a nucleoside-modified nucleic acid
molecule encoding an antigen, adjuvant, or a combination thereof. For example,
in certain embodiments, the composition comprises a vaccine comprising a
nucleoside-modified nucleic acid molecule encoding an antigen, adjuvant, or a
combination thereof.

1. A composition for inducing an adaptive immune response in a subject, the
composition comprising at least one nucleoside-modified RNA encoding at least
one antigen and a lipid nanoparticle (LNP) comprising a compound having a

B o Lz’qQ\RE
b

R"’ R2h1R ,
Gl f,,-:a

structure of Formula Il

(In

or a pharmaceutically acceptable salt, tautomer or stereoisomer thereof, wherein:
L1 and L2 are each independently -0(C=0)-, -(C=0)0-, -C(=0)-, -0-, -S(O)x-, -S-S-,
-C(=0)S-, -SC(=0)-, -NRaC(=0)-, -C(=0)NRa-, -NRaC(=0)NRa, -OC(=0)NRa-,
-NRaC(=0)0- or a direct bond;

G1 is a direct bond;

G2 is -C(=0)- , -(C=0)0-, -C(=0)S-, -C(=0)NRa or a direct bond;

G3 is C1-C6 alkylene;

Ra is H or C1-C12 alkyl;

Rla and Rlb are, at each occurrence, independently either: (@) H or C1-C12 alkyl;
r (b) Rla is H or C1-C12 alkyl, and Rlb 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;

R2a and R2b are, at each occurrence, independently either: (a) H or C1-C12
alkyl; or (b) R2a is H or C1-C12 alkyl, and R2b together with the carbon atom to
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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;

R3a and R3b are, at each occurrence, independently either: (@) H or C1-C12
alkyl; or (b) R3a is H or C1-C12 alkyl, and R3b 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;

R4a and R4b are, at each occurrence, independently either: (@) H or C1-C12
alkyl; or (b) R4da is H or C1-C12 alkyl, and R4b together with the carbon atom to
which it is bound is taken together with an adjacent R4b and the carbon atom
to which it is bound to form a carbon-carbon double bond;

R5 and R6 are each independently H or methyl;

R7 is C4-C20 alkyl;

R8 and R9, together with the nitrogen atom to which they are attached, form a
5, 6 or 7-membered heterocyclic ring;

a and d are each independently an integer from 1 to 24;

b and c are each independently an integer from 6 to 24; and
xis 0, 1 or 2.
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Lipids and compositions for the delivery of therapeutics
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The present invention provides lipids that are advantageously used in lipid
29f particles for the in vivo delivery of therapeutic agents to cells. In particular, the
invention provides lipids having the following structures XIV or XVII.

1. A lipid having the structure of formula XIV or XVII

R o
Re~z{A; K\TC m E
Rz ?1 - Rj
' ¥ =
H:{"z{‘.ﬂ\, i or Ry {.-'E"-? n
XV XV

wherein:

R1 and R2 are each independently for each occurrence optionally substituted

C10-C30 alkyl, optionally substituted C10-C30 alkenyl, optionally substituted

C10-C30 alkynyl, optionally substituted C10-C30 acyl, or —linker-ligand;

R3 is independently for each occurrence H, optionally substituted C1-C10 alkyl,

optionally substituted C2-C10 alkenyl, optionally substituted C2-C10 alkynyl, alky

lhetro cycle, alkylphosphate, alkylphosphorothioate, alkylphosphorodithioate,
cigx st alkylphosphonates, alkylamines, hydroxyalkyls, w-aminoalkyls, w-

(substituted)aminoalkyls, w-phosphoalkyls, w-thiophosphoalkyls, optionally

substituted polyethylene glycol (PEG, mw 100-40K), optionally substituted mPEG

(mw 120-40K), heteroaryl, heterocycle, or linker-ligand;

X and Y are each independently O, S, alkyl or N(Q); Q is H, alkyl, w-amninoalkyl,

w-(substituted)amninoalky, w-phosphoalkyl or w- thiophosphoalkyl;

A1 and A2 are each independently O, S, CH2, CHF or CF2;

E and F are each independetly for each occurrence O, S, N(Q), C(O), C(O)O,

C(O)N, S(O), S(0)2, SS, O=N, aryl, heteroaryl, cyclic or heterocycle;

Z is N, C(R3);

Z'is O, S, N(Q) or alkyl;

m and n are O to 5 where m and n taken together result in a 3, 4, 5 6, 7 or 8

member ring; and

j is 0-10.
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Novel lipids and compositions for the delivery of therapeutics
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The present invention provides lipids that are advantageously used in lipid
particles for the in vivo delivery of therapeutic agents to cells. In particular, the
invention formula (l) provides lipids having the following structure XXXIII wherein:
R1 and R2 are each independently for each occurrence optionally substituted
C10-C30 alkyl, optionally substituted C10-C30 alkenyl, optionally substituted
C10-C30 alkynyl, optionally substituted C10-C30 acyl, or -linker-ligand; R3 is H,
optionally substituted C1- C10 alkyl, optionally substituted C2-C10 alkenyl,
optionally  substituted C2-C10 alkynyl, alky Ihetro cycle, alkylphosphate,
alkylphosphorothioate, alkylphosphorodithioate, alkylphosphonates, alkylamines,
hydroxyalkyls, ~®-aminoalkyls, &- (substituted)aminoalkyls, @-phosphoalkyls, ®©
-thiophosphoalkyls, optionally substituted polyethylene glycol (PEG, mw 100-40K),
optionally substituted mPEG (mw 120-40K), heteroaryl, heterocycle, or linker-ligand;
and E is C(O)O or OC(O).

1. A lipid having the structure

Rg""‘E_‘( R1

Ro XXXl or salts or isomers thereof, wherein:
R1 and R2 are each independently for each occurrence optionally substituted

C10-C30 alkyl, optionally substituted C10-C30 alkenyl, optionally substituted
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C10-C30 alkynyl, optionally substituted C10-C30 acyl, or —linker-ligand;

R3 is H, optionally substituted C1-C10 alkyl, optionally substituted C2-C10
alkenyl, optionally substituted C2-C10 alkynyl, alkylhetrocycle, alkylphosphate,
alkylphosphorothioate, alkylphosphorodithioate, alkylphosphonates, alkylamines,
hydroxyalkyls, w-aminoalkyls, w -(substituted)aminoalkyls, w -phosphoalkyls, w -
thiophosphoalkyls, optionally substituted polyethylene glycol (PEG, mw 100-40K),
optionally substituted mPEG (mw 120-40K), heteroaryl, heterocycle, or linker-ligand;
and

E is C(O)O or OC(O).

KR10-2042721 (&22¢ 2019-11-11)
11

sherA el I Es 0lo] @ EE REUNOINTA Ei N o|YTH.

R
Ry—E—< R’
2

XXXIIT

27| AollA,

Ri & Rz M2 SEHECSE Co-Cpo EZ, CioCo ZAHE, Ex Cio-Co 71201,
R;2 w-Ot0=2 Z Ee= w-(X|eHEhoto| =g Zoln; A

E= C(0)00|1;

TF Ry7F 2-(CIHEotoj)off ol 42, Ry & R, 2442 2[=2f| 20| oLt
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Novel lipids and compositions for the delivery of therapeutics
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The present invention provides lipids that are advantageously used in lipid
particles for the in vivo delivery of therapeutic agents to cells. In particular, the
invention provides lipids having the following structure () wherein R1 and R2 are
each independently for each occurrence optionally substituted C10-C30 alkyl,
optionally substituted C10-C30 alkenyl, optionally substituted C10-C30 alkynyl,
optionally substituted C10-C30 acyl, or -linker-ligand; R3 is H, optionally
substituted C1-C10 alkyl, optionally substituted C2-C10 alkenyl, optionally
substituted C2-C10 alkynyl, alkylhetrocycle, alkylphosphate, alkylphosphorothioate,
alkylphosphorodithioate, alkylphosphonates, alkylamines, hydroxyalkyls,
w-aminoalkyls, w-(substituted)aminoalkyls, w-phosphoalkyls, w-thiophosphoalkyls,
optionally  substituted polyethylene glycol (PEG, mw 100-40K), optionally
substituted mPEG (mw 120-40K), heteroaryl, heterocycle, or linker-ligand; E is O, S,
N(Q), C(O), N(QC(O), C(ON(Q), (QN(CO)O, O(CON(Q), S(O), NS(O)2N(Q), S(0)2,
N(Q)S(0O)2, SS, O=N, aryl, heteroaryl, cyclic or heterocycle; and, Q is H, alkyl,
w-aminoalkyl, w-(substituted)aminoalky, w-phosphoalkyl or w-thiophosphoalkyl.

1. A lipid having the structure

R
R3“E—<R1

2 XXXIIl or salts or isomers thereof, wherein:
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R1 and R2 are each independently for each occurrence optionally substituted
C10-C30 alkyl, optionally substituted C10-C30 alkenyl, optionally substituted
C10-C30 alkynyl, optionally substituted C10-C30 acyl, or —linker-ligand;

R3 is H, optionally substituted C1-C10 alkyl, optionally substituted C2-C10
alkenyl, optionally substituted C2-C10 alkynyl, alkylhetrocycle, alkylphosphate,
alkylphosphorothioate, alkylphosphorodithioate, alkylphosphonates, alkylamines,
hydroxy alky Is, w-aminoalkyls, w-(substituted)aminoalkyls, w-phosphoalkyls, w-
thiophosphoalkyls, optionally substituted polyethylene glycol (PEG, mw 100-40K),
optionally substituted mPEG (mw 120-40K), heteroaryl, heterocycle, or linker-ligand;
E is O S N@Q. CO) NQCO) CONQ, (QNCOO, OCON(Q, S(O)
NS(0)2N(Q), S(0)2, N(Q)S(O)2, SS, O=N, aryl, heteroaryl, cyclic or heterocycle; and,
Q is H, alkyl, w-aminoalkyl, w-(substituted)aminoalky, w-phosphoalkyl or w-
thiophosphoalky!.

KR10-1967417 (5 11Y 2019-04-10)

R
ot7l &
| " R
/N\_/\/
£ #4= A2 ££ 02| G E= O[dEHEAN,
o7 Old2HE 7= O|[SEME Mt A2, XE E= 02| & L= O[dEH

KR10-2264822 (311 2021-06-14)
g7

SpFAl xxxlle| X|& = oo ¥ L= O|MA:

R
Ry—F—=< R’
2
XXXITI
71 Ao XM

Ri & R ME FSEEOE Cip-Cyo LZ, Cio-C 30 EAIE, EE= Cip-C3 Y7120]1;
L ¢z EE w-KEEHOIO|-YZRIM, O67|M  w-Oot0j-YZH2
o | 7

=
-2Z-NH, ZtEZEE ®Id, w-(X 2 N&e H & Moz 1747}
(o]} o

=

UUZ IHE W-0l0| YL LT, 0)7|H LUS C\-Cp L FHO|;
E= O, N(QC(0), C(ON(Q), (QN(CO)O, O(CON(Q), SS, ON= EE= =NOO|11;
Qc H EE C-Cy %‘5’E|0|_Tl_;
A7) MO RE O|MHE HelE .
A7) x| oA

| o
AN - of TES 2t HS HeHCH
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Novel lipids and compositions for the delivery of therapeutics
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The present invention provides lipids that are advantageously used in lipid
29 particles for the in vivo delivery of therapeutic agents to cells. In particular, the

invention provides lipids having the following structures XIV or XVII.

1. A lipid having the structure of formula |

R
m X.‘f:
E“H v Re
Ry~ ng I salts or isomers thereof,

wherein:

R1 and R2 are each independently for each occurrence optionally substituted
C10-C30 alkyl, optionally substituted C10-C30 alkoxy, optionally substituted
C10-C30 alkenyl, optionally substituted C10-C30 alkenyloxy, optionally substituted
C10-C30 alkynyl, optionally substituted C10-C30 alkynyloxy, or optionally

CHEH TS substituted C10-C30 acyl, or — linker-ligand;

R3 is independently for each occurrence H, optionally substituted C1-C10 alkyl,
optionally substituted C2-C10 alkenyl, optionally substituted C2-C10 alkynyl,
optionally substituted alkylheterocycle, optionally substituted heterocyclealkyl,
optionally  substituted alkylphosphate, optionally  substituted phosphoalkyl,
optionally substituted alkylphosphorothioate, optionally substituted
phosphorothioalkyl, optionally substituted alkylphosphorodithioate, optionally
substituted  phosphorodithioalkyl,  optionally  substituted  alkylphosphonate,
optionally substituted phosphonoalkyl, optionally substituted amino, optionally
substituted alkylamino, optionally substituted di(alkyl)amino, optionally substituted
aminoalkyl,  optionally  substituted alkylaminoalkyl,  optionally  substituted
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di(alkyl)aminoalkyl, optionally substituted hydroxyalkyl, optionally substituted
polyethylene glycol (PEG, mw 100-40K), optionally substituted mPEG (mw
120-40K), optionally substituted heteroaryl, or optionally substituted heterocycle, or
linker-ligand;

X and Y are each independently -O-, -S-, alkylene, -N(Q)-, -C(O)-, - O(CO),
-OC(O)N(Q)-, -N(Q)C(0)0O-, -C(O)0O, -OC(0)0-, -0S(0)(Q2)0-, or — OP(0)(Q2)0-; Q
is H, alkyl, w-aminoalkyl, w-(substituted)aminoalkyl, w-phosphoalkyl, or w
-thiophosphoalkyl; Qi is independently for each occurrence O or S; Q2 is
independently for each occurrence O, S, N(Q)(Q), alkyl or alkoxy;

A1, and A2 are each independently -O-, -S-, -CH2-, -CHR5-, -CR5R5-, -CHF- or -
CF2-;

Z is N, or C(R3); and

m and n are each independently 0 to 5 where m and n taken together result
ina3, 4,5 6 7 or 8 member ring.
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Methods of delivering oligonucleotides to immune cells
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FQ EF cationic lipid 28, CIHE.

The invention relates to the field of delivery of nucleic acid-based agents to
immune cells.

1. A method of delivering a nucleic acid-based agent to an immune cell,
comprising providing a nucleic acid-based agent complexed with a formulation
comprising a sterol; a neutral lipid; a PEG or a PEG-modified lipid; and a cationic
lipid selected from the group consisting of :

(i) a cationic lipid having the structure of formula (I)
QX
Y Rz (),

salts or isomers thereof, wherein:
cy is optionally substituted cyclic, optionally substituted heterocyclic or
heterocycle, optionally substituted aryl or optionally substituted heteroaryl;
R1 and R2 are each independently for each occurrence optionally substituted
C10-C30 alkyl, optionally substituted C10-C30 alkenyl, optionally substituted
C10-C30 alkynyl, optionally substituted C10-C30 acyl or -linker-ligand;

HESTE X and Y are each independently O or S, alkyl or N(Q); and Q is H, alkyl, acyl,
w-aminoalkyl, w-(substituted)aminoalky, w-phosphoalkyl or w-thiophosphoalkyl;

(i) a cationic lipid having the structure of formula (Il)
Rao
\
N-—Ryo

0 O

Rig Rag I:l[),
where R10 and R20 are independently alkyl, alkenyl or alkynyl, each can be
optionally substituted, and
R30 and R40 are independently lower alkyl or R30 and R40 can be taken

together to form an optionally substituted heterocyclic ring;

(i) a cationic lipid having the structure
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Rioo Rico  formula (OI) ©F
Rian /\
Rmo’N‘/\P}l/\VN-._.-N“/\l:J'Rm
Rioo Rioo
formula (TV),
wherein
RIU‘I
Y’ . 101
G Y
each R is independently H, alkyl, 3 R'Z or R12 provided that at least
'R‘im 101
-..E R
‘-\/‘I\ Y . .
one R is R™2 . R ; wherein R100, for each occurrence, is
1 58 I

. S\ n S R‘ICG
independently H, R103, ORI ATRI0 '“i R N0

i 103 O\”’O 103
AR 38R . - . .

R o  r ; wherein R103 is optionally substituted with one or more

substituent; R102, for each occurrence, is independently, alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, or heteroalkynyl; each of which is optionally substituted
with one or more substituent; R103, for each occurrence, is independently, alkyl,
alkenyl, alkynyl, heteroalkyl, heteroalkenyl, or heteroalkynyl; each of which is
optionally substituted with one or more substituent; Y, for each occurrence, is
independently O, NR104 , or S; R104, for each occurrence is independently H
alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl, or heteroalkynyl; each of which is
optionally substituted with one or more substituent; and

(iv) a cationic lipid having the structure

j_E_{

Rz formula (V), wherein

R1 and R2 are each independently for each occurrence optionally substituted
C10-C30 alkyl, optionally substituted C10-C30 alkoxy, optionally substituted
C10-C30 alkenyl, optionally substituted C10-C30 alkenyloxy, optionally substituted
C10- (C30 alkynyl, optionally substituted C10-C30 alkynyloxy, or optionally
substituted C10- C30 acyl;

E is -O-, -5 -N@@Q- -C(O)O- -0CO)-, -CO)-, -NQCO)-, -CONQ-,
-N(@QC(0)0-, -OC(OIN(Q)-, S(O), -N(QS(O)2N(Q)-, -5(0)2-, -N(QS(0)2-, -55-, -
0-N=, =N-0-, -C(0)-N(Q)-N=, -N(Q)-N=, -N(Q)-O-, -C(O)S-, arylene, heteroarylene,
cyclalkylene, or  heterocyclylene; and Q is H, alkyl, w-aminoalkyl,
w-(substituted)aminoalkyl, w-phosphoalkyl or w-thiophosphoalkyh and

R3 is H, optionally substituted C1-C10 alkyl, optionally substituted C2-CiO alkenyl,
optionally substituted C2-CiO alkynyl, optionally substituted alkylheterocycle,
optionally substituted heterocyclealkyl, optionally substituted alkylphosphate,
optionally substituted phosphoalkyl, optionally substituted alkylphosphorothioate,
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optionally substituted phosphorothioalkyl, optionally substituted

alkylphosphorodithioate, optionally substituted phosphorodithioalkyl, optionally
substituted alkylphosphonate, optionally substituted phosphonoalkyl, optionally
substituted amino, optionally substituted alkylamino, optionally substituted
di(alkyl)amino,  optionally  substituted = aminoalkyl,  optionally  substituted
alkylaminoalkyl, optionally substituted di(alkyl)aminoalkyl, optionally substituted
hydroxyalkyl, optionally substituted polyethylene glycol(PEG, mw 100-40K),
optionally substituted mPEG(mw 120-40K), optionally substituted heteroaryl,
optionally substituted heterocycle, or linker-ligand.

- 322 -



426 WO2011/143230

4 lpd HB

Methods and compositions for delivery of active agents

4o

OH

N
==
ne

I

44

x
ot

rx
ne

o
ro

am
Yal

2

0%

2010-05-10
2011-11-17 CHE 22| E5 US9254327
ALNYLAM (US)
cationic lipid 2

A lipid particle can include a cationic lipid. Synthesis of the cationic lipid can
include a ylide-based reaction, such as a Wittig reaction or sulfur ylide reaction.
In some cases, the synthesis can also include a Michael addition or a related

addition reaction.

1. A compound of formula IA:

¥ R

M Fd l*\
x_/ﬁ" \‘*-;f"f \“‘LE'*’
or a salt thereof, wherein

X and Y are each, independently, alkyl or aryl;

L1 and L2 are each, independently, alkylene linking units, which may optionally
contain one or more double bonds and further may optionally be interrupted by
one or more heteroatoms and/or one or more cycloalkylene groups;

R1 and R2 are each, independently, C10-C30 aliphatic group, each of which may
optionally contain one or more double bonds, and may optionally be interrupted
by one or more heteroatoms and/or one or more cycloalkylene groups;

Z is —C(O)0—, —OC(O)—, —C(O)N(R3)—, —N(R3)C(O)—, —O(CO)N(R3),
—N(R3)C(O)O—, —C(O)N(R3)C(O)O—, —OC(O)N(R3)C(O)— or —N(R3)C(O)N(R3)—;
R3 is H, alkyl or aryl, and

--- represents a single bond or a double bond, wherein when --- represents a
single bond, C* is further substituted by hydrogen or alkyl.

R i
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=q EX cationic lipid 2

The present invention relates to a cationic lipid having one or more
biodegradable groups located in the mid- or distal section of a lipidic moiety
(e.g., a hydrophobic chain) of the cationic lipid. These cationic lipids may be
incorporated into a lipid particle for delivering an active agent, such as a nucleic

QOF
B acid. The invention also relates to lipid particles comprising a neutral lipid, a lipid
capable of reducing aggregation, a cationic lipid of the present invention, and
optionally, a sterol. The lipid particle may further include a therapeutic agent such
as a nucleic acid.
1. A compound of formula (I):
R R R R R R R R
\N/L Ja\Q) > ‘Ckcﬂ/(' ’cL(\AﬂL Ji\tlwfc Jr?(“ﬁﬁf(' JQ\Q3
R'/l Yo . i g k [ '
R2 R R RL‘ )LRLf TLR z
jQQz/(‘ ‘J[‘\(‘A2T: § le n Tad J,.\Q‘t"/
p
or a salt thereof, wherein
R’ is absent, hydrogen, or alkyl (e.g., C1-C4 alkyl);
with respect to R1 and R2,
(i) R1 and R2 are each, independently, optionally substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, or heterocycle;
(i) R1 and R2, together with the nitrogen atom to which they are attached, form
an optionally substituted heterocylic ring; or
CHEY e

(iii) one of R1 and R2 is optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, or heterocycle, and the other forms a 4-10 member heterocyclic
ring or heteroaryl with (a) the adjacent nitrogen atom and (b) the (R)a group
adjacent to the nitrogen atom;

each occurrence of R is, independently, —(CR3R4)—; each occurrence of R3 and
R4 are, independently H, OH, alkyl, alkoxy, —NH2, alkylamino, or dialkylamino;

or R3 and R4, together with the carbon atom to which they are directly attached,
form a cycloalkyl group, wherein no more than three R groups in each chain
attached to the carbon C* are cycloalkyl (e.g., cyclopropyl);

the dashed line to Q is absent or a bond;

when the dashed line to Q is absent, then Q is absent or is —O—, —S—,
—C(0)0—, —O0C(O)—, —C(O)N(R4)—, —N(R5C(O)— —S—S—, —0OC(0)0O—,
—O—N=C(R5)—, —C(R5)=N—0—, —OC(O)N(R5)—, —N(R5)C(O)N(R5)—,
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—N(R5)C(0)0—, —C(0)S—, —C(S)O— or —C(R5)=N—0O—C(O)—; or

when the dashed line to Q is a bond, then b is 0 and Q and the tertiary carbon
adjacent to it (C*) form a substituted or unsubstituted, mono- or bi-cyclic
heterocyclic group having from 5 to 10 ring atoms;

Q1 and Q2 are each, independently, absent, —O—, —S—, —OC(O)—, —C(O)O—,
—SC(0)—, —C(O)S—, —0C(S)—  —C(S)0—, —S—S—,  —C(O)(NR5)—,
—N(R5)C(O)—, —C(S)(NR5)—, —N(R5)C(O)—, —N(R5)C(O)N(R5)—, or —OC(0)0—;
Q3 and Q4 are each, independently, H, —(CR3R4)—, aryl, or a cholesterol moiety;
each occurrence of A1, A2, A3 and A4 is, independently, —(CR5R5—CR5=CR5)—;
each occurrence of R5 is, independently, H or alkyl;

M1 and M2 are each, independently, a biodegradable group;

Z is absent, alkylene or —O—P(O)(OH)—0O—;

each ------ attached to Z is an optional bond, such that when Z is absent, Q3
and Q4 are not directly covalently bound together;

ais 1,2 3, 4, 5 or6

bis 0, 1, 2, or 3

¢, d e f i j m n qandr are each, independently, 0, 1, 2, 3, 4, 5, 6, 7, 8 9, or 10;
g and h are each, independently, 0, 1 or 2;

k and | are each, independently, O or 1, where at least one of k and | is 1; and
o and p are each, independently, 0, 1 or 2,

wherein

the compound does not contain the following moiety:

T
-

wherein ---- is an optional bond; and
(i) Q3 and Q4 are each, independently, separated from the tertiary carbon atom
marked with an asterisk (*) by a chain of 8 or more atoms.

EP3254672A

1. A compound having:

(i) a central carbon atom,

(i) an nitrogen containing head group bound to the central atom, and

(iii) two hydrophobic tails directly bound to the central carbon atom, each
hydrophobic tail comprising a C8 or greater aliphatic group attached to the
central carbon atom, where the aliphatic group (a) is interrupted by a
biodegradable group such that there is a chain of at least four carbon atoms
between the biodegradable group and the central carbon atom, or (b) includes a
biodegradable group at the terminal end of the hydrophobic tail.

KR10-1967411 (31 2019-04-10)
87 1
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Branched alkyl and cycloalkyl terminated biodegradable lipids for the delivery
of active agents
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cationic lipid 2% 3Hd

The present invention relates to a cationic lipid of formula (I) having one or more
biodegradable groups located in a lipidic moiety (e.g, a hydrophobic chain) of
the cationic lipid. These cationic lipids may be incorporated into a lipid particle
for delivering an active agent, such as a nucleic acid. The invention also relates
to lipid particles comprising a neutral lipid, a lipid capable of reducing
aggregation, a cationic lipid of the present invention, and optionally, a sterol. The
lipid particle may further include a therapeutic agent such as a nucleic acid.

1. A compound of Formula (I):

R R R
AR

R'/l F

RZ

Formula (I}
or a salt thereof, wherein

R’ is absent, hydrogen, or alkyl;

with respect to R1 and R2,

(i) R1 and R2 are each, independently, optionally substituted alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, heterocycle, or R10;

(i) R1T and R2, together with the nitrogen atom to which they are attached, form
an optionally substituted heterocylic ring; or

(iii) one of R1 and R2 is optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, or heterocycle, and the other forms a 4-10 member heterocyclic
ring or heteroaryl with (a) the adjacent nitrogen atom and (b) the (R)a group
adjacent to the nitrogen atom;

each occurrence of R is, independently, —(CR3R4)—;

each occurrence of R3 and R4 are, independently hydrogen, OH, alkyl, alkoxy,
—NH2, R10, alkylamino, or dialkylamino;

each occurrence of R10 is independently selected from PEG and polymers based
on poly(oxazoline), poly(ethylene oxide), poly(vinyl alcohol), poly(glycerol),
poly(N-vinylpyrrolidone), poly[N-(2-hydroxypropyl)methacrylamide] and poly(@amino
acid)s, wherein (i) the PEG or polymer is linear or branched, (i) the PEG or
polymer is polymerized by n subunits, (i) n is a number-averaged degree of
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polymerization between 10 and 200 units, and (iv) wherein the compound of
formula has at most two R10 groups;
the dashed line to Q is absent or a bond;

when the dashed line to Q is absent then Q is absent or is —O—, —NH—,
—S—, —C(0)—, —C(0)0, —OC(O)—, —C(O)N(R4)—, —N(R5)C(O)—, —S—S—,
—0OC(0)0—, —O—N=C(R5)—, —C(R5)=N—0—, —OC(O)N(R5)—,
—N(R5)C(O)N(R5)—, —N(R5)C(0)0—, —C(0)S—, —C(S)0— or

—C(R5)=N—0—C(O)—; or

when the dashed line to Q is a bond then (i) b is 0 and (i) Q and the tertiary
carbon adjacent to it (C*) form a substituted or unsubstituted, mono- or bi-cyclic
heterocyclic group having from 5 to 10 ring atoms;

each occurrence of R5 is, independently, hydrogen or alkyl;

X and Y are each, independently, —(CR6R7)c—;

each occurrence of R6 and R7 are, independently hydrogen, OH, alkyl, alkoxy,
—NH2, alkylamino, or dialkylamino;

M1 and M2 are each, independently, a biodegradable group;

ais 1,2 3,4 5or6

bis 0, 1, 2, or 3

each occurrence of c is, independently, 2-10; and

Z1 and Z2 are each, independently (i) C3-C10 cycloalkyl, (i) C3-C10

RE

cycloalkyl(C1-C6 alkyl), or (iii) R, wherein each of R8 and R9 is a C2-C8 alkyl.
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The present invention relates to a cationic lipid having one or more
biodegradable groups located in a lipidic moiety (e.g, a hydrophobic chain) of
the cationic lipid. These cationic lipids may be incorporated into a lipid particle

29 for delivering an active agent, such as a nucleic acid. The invention also relates
to lipid particles comprising a neutral lipid, a lipid capable of reducing
aggregation, a cationic lipid of the present invention, and optionally, a sterol. The
lipid particle may further include a therapeutic agent such as a nucleic acid.

1. A compound of the formula:

Rl.\ /(,R)\ /(erx,\ /L1><ZT
/N a°Q b M’
R I2 , ", K
" B Y\M‘?/L><Z
B i Formula (Ill)

R' is absent, hydrogen, or C1-C4 alkyl;
with respect to R1 and R2,
(i) R1 and R2 are each, independently, optionally substituted alkyl, alkenyl, alkynyl,

or a salt thereof, wherein

cycloalkylalkyl, heterocycle, or R10;

(i) R1 and R2, together with the nitrogen atom to which they are attached, form
HEx s an optionally substituted heterocylic ring; or

(iii) one of R1 and R2 is optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,

cycloalkylalkyl, or heterocycle, and the other forms a 4-10 member heterocyclic

ring or heteroaryl with (a) the adjacent nitrogen atom and (b) the (R)a group

adjacent to the nitrogen atom;

each occurrence of R is, independently, -(CR3R4)-;

each occurrence of R3 and R4 are, independently H, halogen, OH, alkyl, alkoxy,

-NH2, R10, alkylamino, or dialkylamino;

each occurrence of R is independently selected from PEG and polymers based on

poly(oxazoline), poly(ethylene  oxide), poly(vinyl  alcohol), poly(glycerol),

poly(Nvinylpyrrolidone), poly[N-(2-hydroxypropyl)methacrylamide] and poly(amino

acid)s, wherein (i) the PEG or polymer is linear or branched, (i) the PEG or

polymer is polymerized by n subunits, (iii) n is a number-averaged degree of

polymerization between 10 and 200 units, and (iv) wherein the compound of
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formula has at most two R10 groups;

the dashed line to Q is absent or a bond;

when the dashed line to Q is absent then Q is absent or is -0-, -NH-, -S-,

-C(0)-, -C(0)0-, -OC(0)-, -C(0O)N(R4)-, -N(R5)C(0)-, -S-S-, -OC(0)0-, -0-N=C(R5)-,

-C(R5)=N-0-, -OC(0)N(R5)-, -N(R5)C(0O)N(R 5)-, -N(R5)C(0)0-, -C(0)S-, -C(S)0- or

-C(R5)=N-0-C(0)-; or

when the dashed line to Q is a bond then (i) b is 0 and (i) Q and the tertiary

carbon adjacent to it (C*) form a substituted or unsubstituted, mono- or bi-cyclic

heterocyclic group having from 5 to 10 ring atoms;

each occurrence of R5 is, independently, H or C1-C4 alkyl;

M1 and 2 are each, independently, a biodegradable group (e.g., -OC(O)-, -C(0)0-,

-SC(0)-, -C(0)S-, -0OC(S)-, -C(S)0-, -S-S-, -C(R5)=N-, -N=C(R5)-, -C(R5)=N-0-,

-0-N=C(R5)-, -C(0)(NR5)-, -N(R5)C(0)-, -C(S)(NR5)-, -N(R5)C(0)-, -N(R5)C(0)N(R5)-,

-0C(0)0-, -OSi(R5)20-, -C(0)(CR3R4)C(0)0-, -OC(0)(CR3R4)C(0)-, or
0__R11

—

0—§ (wherein R11 is a C2-C8 alkyl or alkenyl));

each occurrence of R is, independently, C1-C8 alkyl;

ais 1,2 3,4 5or6

bis 0, 1, 2 or3;

L1 and 2 are each, independently, C1-C5 alkylene or C2-C5 alkenylene;

X and Y are each, independently, C4-C20 alkylene or C4-C20 alkenylene; and

Z1 and Z2 are each, independently, C8-C14 alkyl or C8-C14 alkenyl, wherein the
alkenyl group may optionally be substituted with one or two fluorine atoms at
the alpha position to a double bond which is between the double bond and the
terminus of Z1 or Z2, and with the proviso that the terminus of at least one of
Z1 and Z2 is separated from the group M1 or M2 by at least 8 carbon atoms.
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The present invention relates to novel cationic lipids that can be used in
combination with other lipid components such as cholesterol and PEG-lipids to
form lipid nanoparticles with oligonucleotides, to facilitate the cellular uptake and
endosomal escape, and to knockdown target mRNA both in vitro and in vivo. The
invention also relates to lipid particles comprising a neutral lipid, a lipid capable
of reducing aggregation, a cationic lipid of the present invention, and optionally,
a sterol. The lipid particle may further include a therapeutic agent such as a

nucleic acid.

1. A compound of formula (I):

O
|| (1)
RX— Xaa—Z——RY

or a salt thereof, wherein

Xaa is a D- or L-amino acid residue having the formula -NRN-CR1R2-(C=0)-, or a
peptide of amino acid residues having the formula -{NRN-CR1R2-(C=0)} -, wherein
n is 2-20;

R1 is independently, for each occurrence, a non-hydrogen, substituted or
unsubstituted side chain of an amino acid;

R2 and RN are independently, for each occurrence, hydrogen, or an organic
group consisting of carbon, oxygen, nitrogen, sulfur, and hydrogen atoms, or any
combination of the foregoing, and having from 1 to 20 carbon atoms, C(1_5)alkyl,
cycloalkyl, cycloalkylalkyl, C(3_5)alkenyl, C(3_5)alkynyl, C(1-5)alkanoyl,
C(1-5)alkanoyloxy, C(1-5)alkoxy, C(1-5)alkoxy-C(1-5)alkyl, C(1_5)alkoxy-C(1_5)alkoxy,
C(1_5)alkyl-amino-C(1_5)alkyl-,  C(1_5)dialkyl-amino-C(1_5)alkyl-, nitro-C(1_5)alkyl,
cyano-Q~alkyl, aryl-Q”alkyl, 4-biphenyl-C(1_5)alkyl, carboxyl, or hydroxyl;

Z is NH, O, S, -CH2S-, -CH2S(0)-, or an organic linker consisting of 1-40 atoms
selected from hydrogen, carbon, oxygen, nitrogen, and sulfur atoms (preferably, Z
is NH or O);

Rx and R are, independently, (i) a lipophilic tail derived from a naturally-occurring
or synthetic lipid, phospholipid, glycolipid, triacylglycerol, glycerophospholipid,
sphingolipid, ceramide, sphingomyelin, cerebroside, or ganglioside, wherein the tail
contains a steroid; (i) an amino acid terminal group selected from hydrogen,
hydroxyl, amino and an organic protecting group; or (iii) a substituted or
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unsubstituted C(3_22)alkyl, C(6-i2)Cycloalkyl, C(6-i2)Cycloalkyl-C(3_22)alkyl,
C(3_22)alkenyl, C(3_22)alkynyl, C(3_22)alkoxy, or C(6-i2)alkoxy-C (3_22)alkyl;

one of Rx and R is a lipophilic tail as defined above and the other is an amino
acid terminal group, or both Rx and R are lipophilic tails;

at least one of Rx and R is interrupted by one or more biodegradable groups;

Rx and R are each, independently, optionally further interrupted by -O- or -S-;
and

Rx and R each, independently, optionally have one or more carbon-carbon double
bonds.
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Fo EF lipid nanoparticles comprising a cationic lipid and a nucleic acid

The present invention relates to stable lipid nanoparticle pharmaceutical
L2kl formulations which are substantially free of large aggregates (e.g., aggregates
greater than 1 pm in size) and include a substantially non-ionic medium.

1. A pharmaceutical formulation for parenteral administration comprising

(a) lipid nanoparticles comprising a cationic lipid and a nucleic acid, in

(b) a medium, wherein the formulation has one or more of the following
CHEF A characteristics:

(i) the medium is substantially free of anions,

(i) the medium is non-ionic or substantially non-ionic, and

(iii) the formulation has a pH less than the pKa of the cationic lipid.
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8 £3F cationic lipid, PEG-DPG, non cationic lipid, sterol

The present invention relates to lipid nanoparticles containing a biodegradable
cationic lipid which provide improved delivery of active pharmaceutical ingredients,

29 such as siRNA. In addition to the biodegradable cationic lipid the nanoparticles
comprise a non-cationic lipid, polyethylne glycol dipalmitoylglycerol (PEG-DPG) and
optionally a sterol.

1. Lipid nanoparticles comprising:

(@) a biodegradable cationic lipid;

(b) polyethylene glycol-dipalmitoylglycerol (PEG-DPG);
() a non-cationic lipid (such as a neutral lipid);

(d) optionally, a sterol; and

(e) an active pharmaceutical ingredient.
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Fo EX LNP cationic lipid £ S 240 ArgE ALt CHE

The invention features an improved lipid formulation comprising a cationic lipid of
formula (A), a neutral lipid, a sterol and a PEG or PEG-modified lipid, where R1
and R2 are independently alkyl, alkenyl or alkynyl, each can be optionally
substituted, and R3 and R4 are independently lower alkyl or R3 and R4 can be

= taken together to form an optionally subsituted heterocyclic ring. In one
embodiment, R1 and R2 are independently selected from oleoyl, pamitoyl, steroyl,
linoleyl and R3 and R4 are methyl. Also disclosed are targeting lipids, and specific
lipid formulations comprising such targeting lipids.
1. A lipid formulation comprising 45-65% of cationic lipid of formula A, 5-10% of
the neutral lipid, 25-40% of the sterol, and 0.5-5% of the PEG or PEG-modified
lipid, wherein formula A is
RH
\
N-—Ry
CHEY e
0. 0
RIXRE , where R1 and R2 are independently alkyl, alkenyl or

alkynyl, each can be optionally substituted, and R3 and R4 are independently
lower alkyl or R3 and R4 can be taken together to form an optionally subsituted

heterocyclic ring.
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2 53 cationic lipid 2t&

A lipid particle can include a cationic lipid. The cationic lipid can include one or
more hydrophobic tails, which can include one or more sites of unsaturation. The
2 9F sites of unstaturation can include cycloalkyl groups, e.g., cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl groups. The lipid particle is suitable for delivering an

active agent.

1. A cationic lipid having the formula:

R Hd' R' Hg' RI_HG1>

RZ Hd® R? Hdz)jm« R?-Hd?
or a pharmaceutically acceptable salt thereof, wherein
R1 is a Cc10 to C30 group having the formula
-L1a-(CR1aR1b)a-[L1b-(CR1aR1b)Bly-L1c-R1c,
wherein:
L1a is a bond, —CR1aR1b, —O—, —CO—, —NR1d—, —S—, or a combination
thereof;
each Rla and each R1b, independently, is H; halo; hydroxy; cyano; C1-C6 alkyl
optionally substituted by halo, hydroxy, or alkoxy; C3-C8 cycloalkyl optionally
substituted by halo, hydroxy, or alkoxy; —OR1c; —NR1c; aryl; heteroaryl; or
heterocyclyl;

CHEE TS each L1b, independently, is a bond, —(CR1aR1b)1-2—, —O—, —CO—, —NR1d—,
HIH H1h R'IH ‘\\

—S— N X H'b_l = l__ora combination thereof;
or has the formula

wherein j, k, and | are each independently O, 1, 2, or 3, provided that the sum of
jo k and | is at least 1 and no greater than 8 and R1f and R1g are each
independently R1b, or adjacent R1f and R1g, taken together, are optionally a
bond;

or has the formula
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wherein j and k are each independently 0, 1, 2, 3, or 4 provided that the sum of

j and k is at least 1; and R1f and R1g are each independently R1b, or adjacent
R1f and R1g, taken together, are optionally a bond;

-(R)-
or has the formula: | ® | wherein —Ar— is a 6 to 14 membered arylene
group optionally substituted by zero to six R1a groups;

M) -
or has the formula: I_\u@ l wherein -Het- is a 3 to 14 membered
heterocyclylene or heteroarylene group optionally substituted by zero to six Rla
groups;
L1c is —(CR1aR1b)1-2—, —0—, —CO—, —NR1d—,

Rﬂ} H'Id

R -

each R1c is independently H; halo; hydroxy; cyano; C1-C6 alkyl optionally

_or a combination thereof;

substituted by halo, hydroxy, or alkoxy; C3-C8 cycloalkyl optionally substituted by
halo, hydroxy, or alkoxy; aryl; heteroaryl; or heterocyclyl; or Rlc has the

formula: A _

each R1d is independently H; halo; hydroxy; cyano; C1-C6 alkyl optionally

substituted by halo, hydroxy, or alkoxy; C3-C8 cycloalkyl optionally substituted by

halo, hydroxy, or alkoxy; aryl; heteroaryl; or heterocyclyl;

a is 0-6;

each B, independently, is 0-6;

y is 0-6;

R2 is a Cc10 to C30 group having the formula

—L2a-(CR2aR2b)&-[L2b-(CR2aR2b)e]C-L2c-R2¢, wherein:

L2a is a bond, —CR2aR2b—, —O—, —CO—, —NR2d—, —S—, or a combination

thereof;

each R2a and each R2b, independently, is H; halo; hydroxy; cyano; C1-C6 alkyl

optionally substituted by halo, hydroxy, or alkoxy; C3-C8 cycloalkyl optionally

substituted by halo, hydroxy, or alkoxy; —OR1c; —NR1cR1d; aryl; heteroaryl; or

heterocyclyl;

each L2b, independently, is a bond, —(CR1aR1b)1-2—, —O—, —CO—, —NR1d—,
HQt:- REa

RSO

—S— = iior a combination thereof, or has the
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Rea ﬂ?la

F= wherein jo k, and | are each independently 0, 1, 2, or 3,
R

provided that the sum of j, k and | is at least 1 and no greater than 8; and R2f
and R2g are each independently R2b, or adjacent R2f and R2g, taken together,

formula

are optionally a bond;

/ \

R e
R
2, 3, or 4 provided that the sum of j and k is at least 1; and R2f and R2g are

each independently R2b, or adjacent R2f and R2g, taken together, are optionally

or has the formula wherein j and k are each independently 0, 1,

a bond;

or has the formula: |-@-] wherein —Ar— is a 6 to 14 membered arylene

group optionally substituted by zero to six R2a groups

or has the formula: EI wherein -Het- is a 3 to 14 membered
heterocyclylene or heteroarylene group optionally substituted by zero to six R2a

groups;

L2c is —(CR2aR2b)1-2—, —O0—, —CO—, —NR1d—,
HQ‘I} HEQ

—S—, ~ > X R® | — i«or a combination thereof;

R2c is H; han, hydroxy; cyano; C1-C6 alkyl optionally substituted by halo,
hydroxy, or alkoxy; C3-C8 cycloalkyl optionally substituted by halo, hydroxy, or
alkoxy; aryl; heteroaryl, or heterocyclyl, or R2c has the formula:

Lo

R2d is H; halo; hydroxy; cyano; C1-C6 alkyl optionally substituted by halo,
hydroxy, or alkoxy; C3-C8 cycloalkyl optionally substituted by halo, hydroxy, or
alkoxy; aryl; heteroaryl; or heterocyclyl;

S is 0-6;
each g, independently, is 0-6;
C is 0-6;
Hd1 is —X—(CR3R4)n—N(R5)(R6)(R7) and Hd2 is H, halo, hydroxy, alkyl, or alkoxy;
X
(CFPF:“) e

. l ‘r' (CR®*RY)7 N &
or Hd1 and Hd2, taken together, have the formula: R
wherein:
X and Y are each independenty —O—, —S—, —NR8—, —S—S—, —OC(O)—
—C(0)0—, —NR8C(0)—, —C(O)NR8—, —NR8C(0)0O—, —OC(O)NR8—,
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—NR8C(O)NR8—, —NR8C(S)O—, —OC(S)NR8—, —NR8C(S)NR8—, or —CR3R4—;
each R3 and each R4, independently, is H; halo; hydroxy; cyano; C1-C6 alkyl
optionally substituted by halo, hydroxy, or alkoxy; C3-C8 cycloalkyl optionally
substituted by halo, hydroxy, or alkoxy; aryl; heteroaryl; or heterocyclyl;

R5 and R6 are each independently H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, or heterocyclyl,

wherein each of alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl
is optionally substituted by H; halo; hydroxy; cyano; oxo, nitro; C1-C6 alkyl
optionally substituted by halo, hydroxy, or alkoxy; C3-C8 cycloalkyl optionally
substituted by halo, hydroxy, or alkoxy; aryl; heteroaryl; or heterocyclyl;

or R5 and R6 are taken together with the N atom to which they are both
attached to form a 3-8 membered heteroaryl or heterocyclyl;

wherein each of heteroaryl and heterocyclyl is optionally substituted by H; halo;
hydroxy; cyano; oxo, nitro; C1-C6 alkyl optionally substituted by halo, hydroxy, or
alkoxy; C3-C8 cycloalkyl optionally substituted by halo, hydroxy, or alkoxy; aryl;
heteroaryl; or heterocyclyl;

R7 is absent, H, alkyl, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl,

wherein each of alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl
is optionally substituted by H; halo; hydroxy; cyano; oxo, nitro; C1-C6 alkyl
optionally substituted by halo, hydroxy, or alkoxy; C3-C8 cycloalkyl optionally
substituted by halo, hydroxy, or alkoxy; aryl; heteroaryl; or heterocyclyl;

R8 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, or heterocyclyl,

wherein each of alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl
is optionally substituted by H; halo; hydroxy; cyano; oxo, nitro; C1-C6 alkyl
optionally substituted by halo, hydroxy, or alkoxy; C3-C8 cycloalkyl optionally
substituted by halo, hydroxy, or alkoxy; aryl; heteroaryl; or heterocyclyl;

m is 0 to 6; and

nis 0 to 5.
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Liposomal apparatus and manufacturing methods

4e 2002-06-28 Vs07901708
Us08329070
Dyl -06-
S 2003-06-30 hE ma| S US09492386
US09504651
Eaiu ARBUTUS (CA) US2019/167586
US2020/268664
=g £¥ 225 XxY
The present invention provides apparatus and processes for producing liposomes.
By providing a buffer solution in a first reservoir, and a lipid solution in a second
29f reservoir, continuously diluting the lipid solution with the buffer solution in a

mixing chamber produces a liposome. The lipid solution preferably comprises an
organic solvent, such as a lower alkanol.

1. A process for producing a liposome encapsulating a therapeutic product, said

process comprising:

providing an aqueous solution in a first reservoir;

providing an organic lipid solution in a second reservoir, wherein one of the
CHEE T2 aqueous solution and the organic lipid solution includes a therapeutic product;

and

mixing said aqueous solution with said organic lipid solution, wherein said organic

lipid solution mixes with said aqueous solution so as to substantially

instantaneously produce a liposome encapsulating the therapeutic product.
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Lipid encapsulating interfering RNA
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US07745651
iyl -12-
s 2005-12-22 CE Doz £3) US07799565
US09181545
=3¢l ARBUTUS (CA) US09926560
US2019/071669
FQ EX cationic lipid DLInDMA(ZC{L} $t0|XF Xt CHE)
The present invention provides compositions comprising cationic lipids, liposomes
telel; and nucleic acid-lipid particles comprising the cationic lipids, and methods of

using such compositions, liposomes, and nucleic acid-lipid particles.

1. A compound of Formula | having the following structure:

H1
\T/\‘/\UR'#

R OR3 1))
hEX g wherein:
R1 and R2 are independently selected from the group consisting of: H and C1-C3
alkyls; and
R3 and R are independently selected from the group consisting of alkyl groups
having from about 10 to about 20 carbon atoms, wherein at least one of R3 and
R4 comprises at least two sites of unsaturation.
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Lipid containing formulations

M 2006-10-03 US08034376
US08642075
S 2008-04-10 OE oz £
°= = US2020/361854
=3¢l ARBUTUS (CA) KR10-1129509
Fa £F PEG-lipid 22 &Y =g

Compositions and methods useful in administering nucleic acid based therapies,
9 for example association complexes such as liposomes and lipoplexes are
described.

1. A preparation comprising one or more compounds, each individually having a
structure defined by formula (I) or a pharmaceutically acceptable salt thereof,

Xﬂ
mf Fo
formula (1)

each Xa and Xb, for each occurrence, is independently C1-6 alkylene;

wherein

nis 0, 1, 2, 3, 4 or 5; each R is independently H,

ol oy
P b i
- 1 ;o8 3 s 8L LR N R
:“ ,31 v “‘ v?,i.y R igrw;!m?,ﬂ és’?,% y of ;f‘\,}f:«y
R, Ry R. Ry Re

wherein at least n+2 of the R moieties in at least about 80% of the molecules of
the compound of formula (I) in the preparation are not H;
mis 1,2 3 or4 Yis O NR2 orS;

CHEM S R1 is alkyl alkenyl or alkynyl; each of which is optionally substituted with one or
more substituents; and
R2 is H, alkyl alkenyl or alkynyl; each of which is optionally substituted each of
which is optionally substituted with one or more substituents;
provided that, if n=0, then at least n+3 of the R moieties are not H.

KR10-1129509 (S 1% 2012-04-13)
T 1
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X£ -C(O)NH-, -C(S)NH, -C(0)Cy.3 L ZCO)NH- EE£= -C(0)Ci; L ZHC0)0-0|2
m< 0 WXl 119 F@=0[|1,

ne 1 WXl 5002 M4=0|Ct.
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Carbohydrate conjugates as delivery agents for oligonucleotides

oMl 5007-12-04 W02009/082606
W02009/082607
3N 2009-06-11 US08106022
US08450467
US08507455
US08828956
CHE D22l £8 US09352048
=l ARBUTUS (CA) Uo09370581
US09370582
US09814777
US09867882
US10806791
US2020/297853
=2 £%F targeting lipid

The present invention provides iRNA agents comprising at least one subunit of
the formula (I): wherein: A and B are each independently for each occurrence O,
N(RN) or S; X and Y are each independently for each occurrence H, OH, a
hydroxyl protecting group, a phosphate group, a phosphodiester group, an
activated phosphate group, an activated phosphite group, a phosphoramidite, a
solid support, -P(Z')(Z")0- nucleoside, -P(Z' )(Z")O-oligonucleotide, a lipid, a PEG, a

ok steroid, a lipophile, a polymer, -P(Z' )(Z")O-Linker-OP(Z™)(Z"")O-oligonucleotide, a
nucleotide, an oligonucleotide, - P(Z')(Z")-formula(l), -P(Z' )(Z")- or -Linker-R; R is
LG, -Linker-LG, or has the structure shown below: LG is independently for each
occurrence a carbohydrate, e.g., monosaccharide, disaccharide, trisaccharide,
tetrasaccharide, oligosaccharide, polysaccharide; RN is independently for each
occurrernce H, methyl, ethyl, propyl, isopropylbutyl, or benzyl, and Z', Z", Z" and
Z"" are each independently for each occurrence O or S.

1. An iRNA agent comprising a compound having the structure shown in formula

()

*=A
B
Q\/ "\-.\l,-
Linker,,
Ch e 78 R

wherein:

A and B are each independently for each occurrence O, N(RN) or S;

RN is independently for each occurrence H or C1-C6 alkyl;

X and Y are each independently for each occurrence H, a protecting group, a
phosphate group, a phosphodiester group, an activated phosphate group, an
activated phosphite  group, a phosphoramidite, a solid support,
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—P(Z')(Z")O-nucleoside, —P(Z')(Z")O-oligonucleotide, a lipid, a PEG, a steroid, a

polymer, a nucleotide, a nucleoside,

—P(Z")(Z2")O-Linker-OP(Z'")(Z"")O-oligonucleotide, an
—P(Z"(Z"-formula (1)) —P(Z')(Z")- or -Linker-R;
R is LG or has the structure shown below:

oligonucleotide,

Linker-1L.G Linker-L8 Linker-L%
"Linker-L S, \Linker.LG, Linker-L5,
Linker-L®

Linker-L©
or Linker-LS :

LG is independently for each occurrence a ligand, e.g., carbohydrate, e.g.
monosaccharide, disaccharide, trisaccharide, tetrasaccharide, polysaccharide; and
Z', Z" 7" and Z"" are each independently for each occurrence O or S.
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Novel lipid formulations for nucleic acid delivery

4e 2008-04-15 V58058069
US8492359
S 2009-10-22 CHE 2| S5 US8822668
US9364435
Eaiud ARBUTUS (CA)
=g 5 LNP(cationic lipid:non-cationic lipid(DSPC &):conjugated
lipid:chol=50-85:13-49.5:0.5-2:31.5-42.5) 4t
The present invention provides novel, stable lipid particles comprising one or
more active agents or therapeutic agents, methods of making the lipid particles,
and methods of delivering and/or administering the lipid particles. More
29 particularly, the present invention provides stable nucleic acid-lipid particles
(SNALP) comprising a nucleic acid (such as one or more interfering RNA),
methods of making the SNALP, and methods of delivering and/or administering
the SNALP.
1. A nucleic acid-lipid particle comprising:
(@) a nucleic acid;
(b) a cationic lipid comprising from 50 mol % to 65 mol % of the total lipid
present in the particle;
HEH S (c) a non-cationic lipid comprising up to 49.5 mol % of the total lipid present in

the particle and comprising a mixture of a phospholipid and cholesterol or a
derivative thereof, wherein the cholesterol or derivative thereof comprises from 30
mol % to 40 mol % of the total lipid present in the particle; and

(d) a conjugated lipid that inhibits aggregation of particles comprising from 0.5
mol % to 2 mol % of the total lipid present in the particle.
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Lipid compositions
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F9 EX cationic lipid 3+, CtE
Disclosed herein are lipid compositions comprising a cationic lipid of formula (1),
29k a neutral lipid, a sterol and a PEG or PEG-modified lipid, wherein formula (I) is
(F). Also disclosed are methods of producing the cationic lipid of formula (I).
1. A composition, the composition comprising a sterol; a neutral lipid; a PEG or a
b
ﬁ{x E}K A
PEG-modified lipid; and a lipid of formula (I) n wherein, formula (1)
each Xa and Xb, for each occurrence, is independently C1.6 alkylene;
nis 0, 1,2 3,4 or5;
A for each occurrence is NR2 or a cyclic moiety optionally substituted with 1-3 R;
B is NR or a cyclic moiety optionally substituted with 1-2 R;
LR’ i
..\)’\ \g\l/\Y.R
each R is independently H, alkyl, g R? or R2 . provided that at least
.R!
Y *E\I/\ .R'
Y
one R is “§‘/LR2,or R? :
R1, for each occurrence, is independently
FEA LSk
CHeEd e 0 0 0 0L

I u, 3 N' R? 554 R
H,R3,. j‘?.lI\RE ‘1??.5 Ra IHT.SNRS hﬁlﬂ\ R F|§4' , Or F|{4 :

R2, for each occurrence, is mdependently, aIkyI alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, or heteroalkynyl; each of which is optionally substituted with one or
more substituent;

R3, for each occurrence, is independently, alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, or heteroalkynyl; each of which is optionally substituted with one or
more substituent (e.g., a hydrophilic substituent);

Y, for each occurrence, is independently 0, NR4, or S;

R4, for each occurrence is independently H alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, or heteroalkynyl; each of which is optionally substituted with one or
more substituent.

KR10-2229618 (S 1Y 2021-03-18)
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=Q EX LNP cationic lipid £ @A #Al0| A= AL CHE

The invention features

cationic lipid of formula (I), an improved lipid
formulation comprising a cationic lipid of formula | and corresponding methods

of use. Also disclosed are targeting lipids, and specific lipid formulations

comprising such targeting lipids.

1. A lipid particle comprising a cationic lipid of formula I:

Paosha SO T

or a pharmaceutically acceptable salt thereof.

KR10-1766408 (=11 2017-08-10)

g1

shetal 1o] goley AIF,

EIEC)

Tl ol MYBNOE gEE &

KR10-1987962 (&1¥ 2019-06-11)

11

stery 19 o2 I

S olo| MopsrxoE

shatal 1o] goley X
715

8 He Z= H=Zots H2zEN,
= 0|9 MofatMoz 8= g2 MISH| flwt
=2 CIHEOoO|=FE[Z40[L} 9] Fu BHSAI7|=

KR10-2066189 (512 2020-01-14)
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Novel lipid formulations for delivery of therapeutic agents to solid tumors
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=g =1 ZgH| g, bt cationic lipid:non-cationic lipid: conjugated
lipid:cholesterol=50-65:25-45:5-10:25-35
The present invention provides novel, serum-stable lipid particles comprising one
or more active agents or therapeutic agents, methods of making the lipid
particles, and methods of delivering and/or administering the lipid particles. More
particularly, the present invention provides serum-stable nucleic acid-lipid particles
(SNALP) comprising a nucleic acid (e.g., one or more interfering RNA molecules),
29f methods of making the SNALP, and methods of delivering and/or administering

the SNALP (e.g., for the treatment of cancer). In particular embodiments, the
present invention provides tumor-directed lipid particles that preferentially target
solid tumors. The tumor-directed formulations of the present invention are
capable of preferentially delivering a payload such as a nucleic acid to cells of
solid tumors compared to non-cancerous cells.

1. A nucleic acid-lipid particle comprising:

(@) a siRNA that silences polo-like kinase 1 (PLK-1) gene expression, consisting of
an antisense strand sequence 5'-UAUUUAAGGAGGGUGAUCUUC-3' and a sense
strand sequence 5'-AGAUCACCCUCCUUAAAUAUU-3',
wherein the bolded and underlined nucleotides are 2'0OMe nucleotides;

EdTY (b) a cationic lipid comprising from 50 mol % to 65 mol % of the total lipid
present in the particle;

(c) a non-cationic lipid comprising from 25 mol % to 45 mol % of the total
lipid present in the particle; and

(d) a conjugated lipid that inhibits aggregation of particles comprising from 5
mol % to 10 mol % of the total lipid present in the particle.
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Novel cyclic cationic lipids and methods of use
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=2 5% cationic lipid 22 &3 =gt

The present invention provides compositions and methods for the delivery of
therapeutic agents to cells. In particular, these include novel cationic lipids and
nucleic acid- lipid particles that provide efficient encapsulation of nucleic acids
and efficient delivery of the encapsulated nucleic acid to cells in vivo. The

29 compositions of the present invention are highly potent, thereby allowing effective
knock-down of a specific target protein at relatively low doses. In addition, the
compositions and methods of the present invention are less toxic and provide a
greater therapeutic index compared to compositions and methods previously
known in the art.

1. A cationic li id of Formula Il having the following structure:

NV a
N Y X
VZ \R,,
RZ (I) or salts thereof, wherein:

R1 and R are either the same or different and are independently hydrogen (H) or
an optionally substituted Ci-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, or R1 and
R2 may join to form an optionally substituted heterocyclic ring;

R3 is either absent or is hydrogen (H) or a d-C6 alkyl to provide a quaternary
amine;

R4 and R5 are either the same or different and are independently an optionally
substituted Clo-C24 alkyl, C10-C24 alkenyl, C10-C24 alkynyl, or QO0-Q24 acyl,
wherein at least one of R4 and R5 comprises at least one optionally substituted
cyclic alkyl group;

X is O, S, N(R6), C(O), C(0)0, OC(O), C(0O)N(R6), N(R6)C(0), OC(0)N(R6), N(R6)C(0)0,
C(0)S, C(S)0, S(O), S(0)(0), C(S), or an optionally substituted heterocyclic ring,
wherein R6 is hydrogen (H) or an optionally substituted Cj-Qo alkyl, C2-C]0O
alkenyl, or C2-C10 alkynyl; and

Y is either absent or is an optionally substituted d-C6 alkyl, C2-C6 alkenyl, or
C2-C6 alkynyl.
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Cationic lipids and methods of use thereof
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The present invention provides compositions and methods for the delivery of
therapeutic agents to cells. In particular, these include novel cationic lipids and
nucleic acid-lipid particles that provide efficient encapsulation of nucleic acids and
efficient delivery of the encapsulated nucleic acid to cells in vivo. The
29 compositions of the present invention are highly potent, thereby allowing effective
knock-down of a specific target protein at relatively low doses. In addition, the
compositions and methods of the present invention are less toxic and provide a
greater therapeutic index compared to compositions and methods previously

known in the art.

1. A cationic lipid of Formula | having the following structure:

N a
N Y X
VZ \R"
R? () or salts thereof, wherein:

R1 and R2 are either the same or different and are independently hydrogen (H)
or an optionally substituted Ci-C6 alkyl, C2-C6 alkenyl, or C2-C6 alkynyl, or R1
and R2 may join to form an optionally substituted heterocyclic ring;

R3 is either absent or is hydrogen (H) or a C1-C6 alkyl to provide a quaternary
amine;

R4 and Rs are either the same or different and are independently an optionally
substituted C10-C24 alkyl, C10-C24 alkenyl, C10-C24 alkynyl, or C10-C24 acyl;

X is O, S, N(R6), C(O), C(0)0, OC(O), C(O)N(R6), N(R6)C(0), OC(0)N(R6), N(R6)C(0)0,
C(0)S, C(S)0, S(O), S(0)(0), C(S), or an optionally substituted heterocyclic ring,
wherein R6 is hydrogen (H) or an optionally substituted C1-C10 alkyl, C2-C10
alkenyl, or C2-C10 alkynyl; and

Y is either absent or is an optionally substituted Q-Ce alkyl, C2-C6 alkenyl, or
C2-C6 alkynyl.
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2010-06-30 Us9006417
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2012-01-05 Oz mj2el S5
UsS9518272
ARBUTUS (CA) YUS2619/603265t

cationic lipid 28 2% =gt

The present invention provides novel, stable lipid particles having a non-lamellar
structure and comprising one or more active agents or therapeutic agents,
methods of making such lipid particles, and methods of delivering and/or
administering such lipid particles. More particularly, the present invention provides
stable nucleic acid-lipid particles (SNALP) that have a non-lamellar structure and
that comprise a nucleic acid (such as one or more interfering RNA), methods of
making the SNALP, and methods of delivering and/or administering the SNALP.

1. A composition comprising:

a plurality of nucleic acid-lipid particles, wherein each particle in the plurality of
particles comprises:

(a) a nucleic acid;

(b) a cationic lipid comprising from about 50 mol % to about 85 mol % of the
total lipid present in the particle;

(c) a non-cationic lipid comprising from about 13 mol% to about 49.5 mol % of
the total lipid present in the particle; and

(d) a conjugated lipid that inhibits aggregation of particles comprising from
about 0.5 mol % to about 10 mol % of the total lipid present in the particle,
wherein at least about 95% of the particles in the plurality of particles have a

non-lamellar morphology.
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Trialkyl cationic lipids and methods of use thereof
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US10561732
S 2013-08-29 hE ma| S Us2020/306378
KR10-2075810
=3¢l ARBUTUS (CA) KR10-2239887
KR2021/0041135
Fa EX cationic lipid 2% Y, trialkyl cationic lipid
The present invention provides compositions and methods for the delivery of
therapeutic agents to cells. In particular, these include novel, trialkyl, cationic lipids
Qo and nucleic acid-lipid particles that provide efficient encapsulation of nucleic acids
and efficient delivery of the encapsulated nucleic acid to cells in vivo. The
compositions of the present invention are highly potent, thereby allowing effective
knock-down of a specific target protein at relatively low doses.
1. A lipid having a structural Formula (I):
X-A-Y—Z; 0}
or salts thereof, wherein:
X is alkylamino;
A is C1 to C6 optionally substituted alkyl, wherein said C1 to C6 optionally
substituted alkyl can be saturated or unsaturated, and wherein A may or may not
be present;
Y is selected from the group consisting of ketal, ester, optionally substituted
carbamate, ether, and optionally substituted amide; and
Z is a hydrophobic moiety consisting of three alkyl chains wherein each of the
alkyl chains has a length of from C8 to C11, wherein each of the three alkyl
chains can independently be saturated or unsaturated, and wherein each of the
three alkyl chains is optionally substituted.
CHEY e
KR10-2075810 (511 Y 2020-02-10)
31
St7| #& A ()2 #A= XE Es 19 &
X-A-Y-Z;
V)
7104 A:

X& ZOH0| =0l

As YoIZ2 XgE G WAl G €Z E= AME2EZ0L, ¢
o

o7 o2 XK= 2L s AEER LZ2, StLt oMo =& fXIE S,
st2 2, 3HZA0|E, -CN, -OR%, -NRR’, -NR*C(=O)R’, -NR*SO,RY, -C(=O)R¥,
-C(=O)OR*, -C(=O)NRR’, -SO.R*, & -SO,NRR'CZ O|RE0{ZF IECZHE MEL|=
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Compositions and methods for delivering messenger RNA

P 2013-07-23
S 2015-01-29 CHE ojR2| £8  US2020/297870
EgaAd ARBUTUS (CA)
=g =5 28k cationic lipid, a non-cationic lipid(DSPC, PEG-lipid), and an mRNA molecule,
cholesterol, 2 &, =AH| 3t
The present invention provides compositions comprising mMRNA molecules
encapsulated within lipid particles. The lipid particles comprise a cationic lipid, a
non-cationic lipid, and an mRNA molecule that is encapsulated within the lipid
Qo particle. The compositions are useful, for example, to introduce the mMRNA
- molecules into a human subject where they are translated to produce a
polypeptide that functions to ameliorate one or more symptoms of a disease. The
invention also provides cationic lipids that are useful for preparing the
compositions of the invention.
CHEA st 1. A lipid particle comprising a cationic lipid, a non-cationic lipid, and an mRNA

molecule that is encapsulated within the lipid particle.
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=8 S% PEG lipid =& 23

The invention provides PEG-conjugated lipids of formula (I): A-B-C (I) wherein A,
B, and C have any of the values defined in the specification, as well as
compositions comprising the PEG-conjugated lipids of formula (I), nucleic acid

0
2

lipid nanoparticles comprising the PEG-conjugated lipids of formula (), and
methods of using the PEG-conjugated lipids of formula (I), the compositions, and
the nucleic acid nanoparticles.

1. A compound of formula (I):
A-B-C (I)

wherein:

A is (C1-C6)alkyl, (C3-C8)cycloalkyl, (C3-C8)cycloalkyl(Ci-Cé6)alkyl, (C1-C6)alkoxy,

(C2-C6)alkenyl, (C2-C6)alkynyl, (Ci-C6)alkanoyl, (Ci-C6)alkoxycarbony! ,

(C1-Cé)alkylthio , or (C2-Cé)alkanoyloxy, wherein any (Ci-Cé)alkyl, (C3-C8)cycloalkyl,

(C3-C8)cycloalkyl(Ci- C6)alkyl, (Ci-C6)alkoxy, (C2-C6)alkenyl, (C2-C6)alkynyl,

(Ci-C6)alkanoyl, (Ci-C6)alkoxycarbonyl, (Ci-C6)alkylthio, and (C2-C6)alkanoyloxy is

substituted with one or more anionic precursor groups, and wherein any

(Ci-Cé6)alkyl, (C3-C8)cycloalkyl, (C3- C8)cycloalkyl(Ci-C6)alkyl, (Ci-Cé6)alkoxy,

(C2-C6)alkenyl, (C2-C6)alkynyl, (Ci-Cé6)alkanoyl, (Ci-Cé6)alkoxycarbonyl,

(Ci-C6)alkylthio, and (C2-C6)alkanoyloxy is optionally substituted with one or more
CHEE T groups independently selected from the group consisting of halo, hydroxyl, (Ci-

C3)alkoxy, (Ci-C6)alkanoyl, (Ci-C3)alkoxycarbonyl, (Ci-C3)alkylthio, or

(C2-C3)alkanoyloxy;

B is a polyethylene glycol chain having a molecular weight of from about 550

daltons to about 10,000 daltons;

C is -L-Ra

L is selected from the group consisting of a direct bond, -C(0)0-, -C(O)NRb-,

-NRb-, - C(0)-, -NRbC(0)0-, -NRbC(0)NRb-, -S-S-, -0-, -(0)CCH2CH2C(0)-, and

-NHC(0)CH2CH2C(0)NH-;

Ra is a branched (Cio-Cso)alkyl or branched (Cio-Cso)alkenyl wherein one or

more carbon atoms of the branched (Cio-Cso)alkyl or branched (Cio-Cso)alkenyl

have been replaced with -0-; and

each Rb is independently H or (Ci-C6)alkyl.
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Certain embodiments of the invention provide a cationic lipid of formula (I):
wherein R1, R2, R3 and R4 are defined as described herein, as well as methods

of making these lipids. Certain embodiments of the invention also provide nucleic
acid-lipid particles comprising a cationic lipid of formula (l), methods of making

the lipid particles, and methods of delivering and/or administering the lipid

particles.

1. A nucleic acid-lipid particle comprising:

(@) one or more nucleic acid molecules;

(b) a non-cationic lipid;
(c) a conjugated lipid; and

(b) a cationic lipid of formula (l):

wherein:

fiml
Hl
ot
-4
oot

X is a divalent C2-C8 alkyl;
R4 is NRaRb; and

R1 is a C2-C30 hydrocarbyl;
R2 is a C2-C30 hydrocarbyl;
R3 is a C2-C30 hydrocarbyl;

R'I
RE 0/
O—S8ji—X
R‘!
R? _—0

each Ra and Rb is independently selected from the group consisting of methyl,
ethyl, propyl, cyclopropyl, and butyl, which methyl, ethyl, propyl, cyclopropyl, and
butyl is optionally substituted with hydroxy; or Ra and Rb taken with the nitrogen
to which they are attached form an aziridine, azetidine, proline, piperidine,
piperazine, or morpholine ring, which ring is optionally substituted with hydroxyl
or with Ci-C6 alkyl that is optionally substituted with hydroxy; and

wherein the one or more nucleic acid molecules are encapsulated within the

lipid particle.
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Lipid nanoparticle formulations

M 2018-11-09
S/HE 2020-05-14 e ez £
3§l ARBUTUS (CA)
T8 53 cationic lipid £%4, DSPC, PDG-cDMA, cholesterol =%} LNP, H8 & 3

The invention provides certain specific lipid nanoparticles comprising: (a) one or
more nucleic acid molecules; (b) cholesterol; (c¢) DSPC; (d) PEG-C-DMA; and (e) a
cationic lipid; and pharmaceutical compositions comprising the lipid nanoparticles.
The lipid nanoparticles and pharmaceutical compositions are particularly useful for
delivering a nucleic acid such as siRNA or mRNA to a patient (e.g. a human) or

to a cell.

1. A lipid nanoparticle comprising:

(@) one or more nucleic acid molecules;
(b) cholesterol;

(c) DSPC;

(d) PEG-C-DMA; and

(e) a cationic lipid of formula:

o o
17 ’V\)’\%

or a salt thereof, wherein the molar percentage of total lipid for PEG-C-DMA,
cationic lipid, cholesterol, and DSPC are as follows:

PEG-C-DMA: about 1.5;

cationic lipid: about 50.0;

cholesterol: about 38.5; and

DSPC: about 10.0.
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Lipid nanoparticle formulations

M 2018-11-09
S/HE 2020-05-14 e oYz £3
3§l ARBUTUS (CA)

Fo EZ cationic lipid £%, DSPC, PDG-cDMA, cholesterol X3 LNP, H|E& o+

The invention provides certain specific lipid nanoparticles comprising: (a) one or
more nucleic acid molecules; (b) cholesterol; (c) DSPC; (d) PEG-C-DMA; and (b) a
cationic lipid of formula CL1 or CL2, and pharmaceutical compositions comprising
the lipid nanoparticles. The lipid nanoparticles and pharmaceutical compositions
are particularly useful for delivering a nucleic acid to a patient (e.g. a human) or

to a cell.

1. A lipid nanoparticle comprising:

(a) one or more nucleic acid molecules;
(b) cholesterol;

(c) DSPC;

(d) PEG-C-DMA; and

(b) a cationic lipid of formula CL1 or CL2:

. —
| — CL,

CL:
or a salt thereof, wherein the molar percentage of total lipid for PEG-C-DMA,

cationic lipid, cholesterol, and DSPC are about as follows:

Composition Mualar %o
PEG-C-DMA CLI:CHOL-DSPC 25:351:463:16.1
PEG-C-DMA-CLT:CHOL-DSPC 20400430100
PEG-C-DMACLI.CHOL DSPC 17:475:409- 100
PEG-C-DMACLZ.CHOL DSPC 1.5 500385100

. PEG-C-DMA-CL2:CHOL-DSPC 16:546:328: 109
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Improved amino lipids and methods for the delivery of nucleic acids

M 2008-10-09
US09139554
S 2010-04-15 OE oz £
o = US10653780
=zl ARBUTUS (CA)
F8 £F LNP cationic lipid E7% S| WAl AFREl Zat CHE

The present invention provides superior compositions and methods for the
delivery of therapeutic agents to cells. In particular, these include novel lipids and
nucleic acid-lipid particles that provide efficient encapsulation of nucleic acids and
efficient delivery of the encapsulated nucleic acid to cells in vivo. The

29 compositions of the present invention are highly potent, thereby allowing effective
knock-down of specific target proteins at relatively low doses. In addition, the
compositions and methods of the present invention are less toxic and provide a
greater therapeutic index compared to compositions and methods previously
known in the art.

1. An amino lipid having the following structure (ll):

,a/

R4 R-
% /
N

/
R3

(N

or salts thereof, wherein

R1 and R2 are either the same or different and independently optionally
CHEAE S substituted C12-C24 alkyl, optionally substituted C12-C24 alkenyl, optionally

substituted C12-C24 alkynyl, or optionally substituted C12-C24 acyl;

R3 and R4 are either the same or different and independently optionally

substituted C1-C6 alkyl, optionally substituted C1-C6 alkenyl, or optionally

substituted C1-C6 alkynyl, or R3 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;

R5 is either absent or is hydrogen or C1-C6 alkyl to provide a quaternary amine;

m, n, and p are either the same or different and independently either O or 1

with the proviso that m, n, and p are not simultaneously 0;

Y and Z are either the same or different and independently O, S, or NH.
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Improved compositions and methods for the delivery of nucleic acids

FHe 2008-01-02 W02009/088891
N 2009-07-09 E Wz = VO2009/088892
— ARBUTUS & UBC (CA) & us2020/225215
ALYNLAM (US)
=9 EX LNP(cationic lipid:DSPC:chol:PEG-DMA=20-60:5-25:25-55:0.5-1.5)

The present invention provides compositions and methods for the delivery of
therapeutic agents to cells. In particular, these include novel lipids and nucleic
acid-lipid particles that provide efficient encapsulation of nucleic acids and
efficient delivery of the encapsulated nucleic acid to cells in vivo. The

29 compositions of the present invention are highly potent, thereby allowing effective
knock-down of specific target protein at relatively low doses. In addition, the
compositions and methods of the present invention are less toxic and provide a
greater therapeutic index compared to compositions and methods previously
known in the art.

1. An amino lipid having the following structure (

R-i RS ﬁ/’

N_(CHA:'::

wherein

R1 and R2 are either the same or different and independently optionally
substituted C12-C24 alkyl, optionally substituted C12-C24 alkenyl, optionally
substituted C12-C24 alkynyl, or optionally substituted C12-C24 acyl;

CHEXFE R3 and R4 are either the same or different and independently optionally
substituted d-CB alkyl, optionally substituted d-CB alkenyl, or optionally
substituted d-C6 alkynyl or R3 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;

RS is either absent or present and when present is hydrogen or C1-C6 alkyl;

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;

qgis O, 1,2, 3, or4; and

Y and Z are either the same or different and independently O, S, or NH.
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3§l ARCTURUS (US)
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What is described is a compound wherein R1 and R2 are the same or different,
each a linear or branched alkyl consisting of 1 to 20 carbons, or a linear or
branched alkenyl or alkynyl consisting of 2 to 20 carbons; L1 and L2 are the
same or different, each a bond, a linear alkylene of 1-18 carbons, or a linear
of alkenylene consisting of 2 to 18 carbons; L3 is a bond or a linear or branched
alkylene consisting of 1 to 6 carbons; L4 is a bond or a methylene; X is S or O,
R3 is a linear or branched alkylene consisting of 1 to 6 carbons, and R4 and R5
are the same or different, each a hydrogen or a linear or branched alkyl
consisting of 1 to 6 carbons; or a pharmaceutically acceptable salt thereof.

1. A compound of formula 1

0 L3\X/R3\.N/R4

T
| /( :I\ O
R,O)LL, 15 Lz)kORg

R1 and R2 are the same or different, each a linear or branched alkyl consisting

wherein

of 1 to 20 carbons, or a linear or branched alkenyl or alkynyl consisting of 2 to
CHEYTE 20 carbons;

L1 and L2 are the same or different, each a bond, a linear alkylene of 1-18

carbons, or a linear alkenylene consisting of 2 to 18 carbons;

L3 is a bond or a linear or branched alkylene consisting of 1 to 6 carbons;

L4 is a bond or a methylene;

Xis S or O,

R3 is a linear or branched alkylene consisting of 1 to 6 carbons, and

R4 and R5 are the same or different, each a hydrogen or a linear or branched

alkyl consisting of 1 to 6 carbons;

or a pharmaceutically acceptable salt thereof.
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= o 0| US9850202
== ARCTURUS (US) US9896413
US9951002
KR10-2095085
KR2017/0095241
=9 EX cationic lipid 2% 23
Qor What are described are compounds of formulas I, Ill, IV, and V.
1. A compound of formula Il
O~ i F|‘4
k.
0=< /:N Lgx\REN\Rs
F‘-| L2
o
Ro
(8] I
wherein
Ri and R both consist of a linear alkyl consisting of 1 to 12 carbons, or an
alkenyl or alkynyl consisting of 2 to 12 carbons;
L1 and L2 both consist of a linear alkylene or alkenylene consisting of 5 to 18
hEA carbons, or forming a heterocycle with N;

Xis'S;

L3 consists of a bond or a linear alkylene consisting of 1 to 6 carbons, or
forming a heterocycle with N;

R3 consists of a linear or branched alkylene consisting of 1 to 6 carbons; and

R4 and R5 are the same or different, each consisting of a hydrogen or a linear
or branched alkyl consisting of 1 to 6 carbons;

or a pharmaceutically acceptable salt thereof.

KR10-2095085 (31 2020-03-31)
71
4 12l st
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lonizable cationic lipid
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US9834510
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S/iE = US10233148
3§l ARCTURUS (US)
=Q EX cationic lipid 28 23

What is described is a compound of formula | wherein X is an ethene, or an
unsubstitiited or substituted arene or heteroarene; Y is a bond, an ethene, or an
unsubstituted or substituted arene or heteroarene; Z is S or O; L is a linear or

29f branched alkylene of 1 to 6 carbons; R1 and R2 are independently a linear or
branched alkyl or alkenyl of 1 to 18 carbons; R3 and R4 are independently a
linear or branched alkyl of 1 to 6 carbons; n is 0 to 6; and m, p, g, and r are
independently 1-18; or a pharmaceutically acceptable salt thereof.

1. A compound of formula |

0
p 0 Ry
R0 Y'("lq)J\Mz N
N SH L -
o) X
Rg_o

wherein

X is a linear or branched alkylene or alkenylene, monocyclic, bi cyclic, or tricyclic
arene or heteroarene;

CEd e Y is a bond, an ethene, or an unsubstituted or substituted aromatic or

heteroaromatic ring; Z is S or 0;

L is a linear or branched alkylene of 1 to 6 carbons;

R3 and R4 are independently a linear or branched alkyl of 1 to 6 carbons;

R1 and R2 are independently a linear or branched alkyl or alkenyl of 1 to 20
carbons; r is 0 to 6; and

m, n, p, and q are independently 1 to 18;

wherein when n=qg, m=p, and R1=R2, then X and Y differ;

wherein when X=Y, n=qg, m=p, then R1 and R2 differ;

wherein when X=Y, n=qg, and R1=R2, then m and p differ; and

wherein when X=Y, m=p, and R1=R2, then n and q differ;

or a pharmaceutically acceptable salt thereof.
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US10383952

e 2018-06-28 US10526284

Che of22| 5 US10961188

US10980895

=8¢ ARCTURUS (CA) .
KR2019/0134593(F 5}
KR2019/0122653

Fa &3 cationic lipid 2% %Y

What is described is a compound of formula (l) consisting of a compound in
which R1 is a branched chain alkyl consisting of 10 to 31 carbons; R2 is a linear
alkyl, alkenyl, or alkynyl consisting of 2 to 20 carbons; L1 and L2 are the same or
different, each a linear alkylene of 1 to 20 carbons or a linear alkenylene of 2 to
20 carbons; X1 is S or O; R3 is a linear or branched alkylene consisting of 1 to 6
carbons; and R4 and R5 are the same or different, each a hydrogen or a linear
or branched alkyl consisting of 1 to 6 carbons; or a pharmaceutically acceptable
salt thereof.

1. A compound of formula |

0}
R1/0YL1\NJLX1’R3‘*N’R4
o
2
;OIJ\O
R» I

wherein
CHESTE  Riis a branched chain alkyl consisting of 10 to 31 carbons,
R2 is a linear alkyl, alkenyl or alkynyl consisting of 2 to 20 carbons,
R3 is a linear or branched alkylene consisting of 1 to 6 carbons,
R4 and R5 are the same or different, each a hydrogen or a linear or branched
alkyl consisting of 1 to 6 carbons;
Li and L2 are the same or different, each a linear alkylene of 1 to 20 carbons or
a linear alkenylene of 2 to 20 carbons, and
Xiis S or O;
or a salt or solvate thereof.
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Nucleic acid vaccine composition comprising a lipid formulation, and method
of increasing the potency of nucleic acid vaccines

f4e 2017-03-30
Y 2018-10-04 CHE 2] £S5 US2020/046830
=¢l0l ARCTURUS (US)

FQ EX cationic lipid 2t LNP 8=
A nucleic acid vaccine composition comprising one or more of a plasmid-based
nucleic acid vaccine and immunotherapy, as well as a lipid formulation, is
provided. In addition, the present invention provides a method of enhancing the
potency of plasmid-based DNA vaccines and immunotherapies, by formulating a
vaccine and/or immunotherapy in a lipid formulation, which is stable when
refrigerated or stored frozen, is then delivered to a vaccinee by either
needle/syringe, jet injection, or microneedles. The lipid formulation of the present
29f invention  comprises one or more lipid excipients selected from
1,2-Distearoyl-sn-glycero-3-phosphocholine,
Cholest-5-en-33-o0l,1,2-Dimyristoyl-rac-glycero-3-methylpolyoxyethlene, and or more
symmetric ionizable cationic lipids. The present invention increases vaccine
potency dramatically. It was unexpectedly discovered that the level of immunogen,
or immune response molecules, produced in vivo is increased (versus
administering merely the vaccine or immunotherapy) and, in the case of a vaccine
immunogen, the immune response is enhanced.
1. A nucleic acid vaccine composition comprising a lipid formulation, and vaccine
immunogens or immune response molecules, wherein the lipid formulation
comprises at least one symmetric ionizable cationic lipid selected from the group
consisting of:
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Lipid particles for nucleic acid delivery
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Nucleic acid immunization is achieved by delivering a nucleic acid (NA), eg. a
MRNA or a DNA, encapsulated within a lipid-NA nanoparticle. The NA encodes
an immunogenic compound of interest. The lipid-NA nanoparticle is effective for

Q Ok
B in vivo delivery of NA to a vertebrate cell, including upon administration to a
subject. The lipid-NA nanoparticle are incorporated in pharmaceutical compositions
for immunizing subjects against various diseases.
1. A pharmaceutical composition, comprising
a lipid-NA nanoparticle comprising lipids and a nucleic acid (NA), and
pharmaceutically acceptable excipients;
wherein the lipids comprise a cationic lipid, a non-cationic lipid, a PEG-lipid, and
a lipid of formula |
A1
R
E EEE - WL
|
o s
)
el 2R oo
Rz I

wherein

R1 and R2 are the same or different, each independently a linear or branched
alkyl or alkenyl consisting of 3 to 31 carbons,

R3 is a linear or branched alkylene consisting of 1 to 6 carbons,

R4 and R5 are the same or different, each a hydrogen or a linear or branched
alkyl consisting of 1 to 6 carbons;

L1 and L2 are the same or different, each a linear alkylene of 1 to 20 carbons
or a linear alkenylene of 2 to 20 carbons, and

wherein the nucleic acid encodes an antibody or an immunogenic peptide.
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Method of making lipid—encapsulated rna nanoparticles
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A method of producing a lipid-encapsulated RNA nanoparticle, comprising the
steps a) flowing an aqueous solution comprising an RNA through a 1st tube
having an inner diameter (ID) of between about 0.1" and 0.132"; b) flowing an
ethanol solution comprising lipids through a 2nd tube having an ID of between
about 0.005" and 0.02" at one third the flow rate of the aqueous solution
through the 1st tube, wherein the lipids comprise a cationic lipid; and ¢) mixing
the ethanol solution with the aqueous solution by flowing the ethanol solution
and the aqueous solution into a mixing module consisting of the 2nd tube
perpendicularly joined to the 1st tube; wherein the mixing produces an output
solution flowing in the 1st tube comprising a turbulent flow of the RNA and the
lipids in between about 10% to 75% ethanol v/v, and wherein the
lipid-encapsulated RNA nanoparticles have a bilayer structure.

1. A method of producing a lipid-encapsulated RNA nanoparticle, comprising the
steps

a) flowing an aqueous solution comprising an RNA through a 1st tube having an
inner diameter (ID) of between about 0.1" and 0.132";

b) flowing an ethanol solution comprising lipids through a 2nd tube having an ID
of between about 0.005" and 0.02" at one third the flow rate of the aqueous
solution through the 1st tube, wherein the lipids comprise a cationic lipid; and

¢) mixing the ethanol solution with the aqueous solution by flowing the ethanol
solution and the aqueous solution into a mixing module consisting of the 2nd
tube perpendicularly joined to the 1st tube;

wherein the mixing produces an output solution flowing in the 1st tube
comprising a turbulent flow of the RNA and the lipids in between about 10% to
75% ethanol v/v, and wherein the lipid-encapsulated RNA nanoparticles have a
bilayer structure.
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A pharmaceutical composition for local application is disclosed, said composition
comprising a nucleic acid as a therapeutic agent, an excipient and a
pharmaceutically acceptable vehicle therefor, said excipient comprising a liposome.
The excipient comprises an amphoteric liposome having an isoelectric point
between 4 and 74 and said composition is formulated to have a pH in the
range 3 to 5. The composition may administered in the form of a colloidal
suspension and may be buffered to the lower pH at the time of use by the
addition of a suitable acidifying means to a substantially neutral suspension of
the nucleic acid and excipient that may be more suitable for long-term storage of
the composition. Alternatively, the composition may be lyophilised at the lower
pH for subsequent reconstitution just prior to use with a suitable aqueous
medium, such for example as substantially unbuffered water or saline.

1. A mixture of lipids capable of encapsulating an active agent to form a
liposome, said mixture comprising phosphatidylcholine and
phosphatidylethanolamine in a ratio of phosphatidylethanolamine to
phosphatidylcholine in the range of about 0.5 to about 8.
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Amphoteric liposomes comprising imino lipids

rx
ne

2009-07-09

4o

OH

==

ne

2011-01-13

ro

BIONTECH (DE)

I

The invention concerns

2

lipid assemblies,

US10039714
5261870338919
US2020/0330384
KR10-1954912

cationic lipid(1), anionic lipid(1.50|3} H|&), PEG lipid, cholesterol(10-50 mol%)

liposomes having an outer surface

comprising a mixture of anionic and cationic moieties; wherein at least a portion

of the cationic moieties are imino moieties that are essentially charged under

physiological conditions, and their use for serum resistant transfection of cells.

1. Lipid assemblies comprising anionic and cationic amphiphiies; wherein at least

a portion of the cationic amphiphiles are imino lipids that are substantially

charged under physiological conditions, and wherein the anionic amphiphies are

carboxyl or phosphate lipids and wherein further the charge ratio between the

cationic and anionic amphiphiies is 1.5 or less.
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Particles comprising a shell with RNA
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The present invention relates to RNA decorated particles such as RNA decorated
lipid particles, preferably to RNA decorated liposomes. Further, the present
invention relates to a pharmaceutical composition comprising RNA decorated
particles such as RNA decorated lipid particles, preferably RNA decorated

R 9F liposomes. Said pharmaceutical composition is useful for inducing an immune
response. It is also useful in a prophylactic and/or therapeutic treatment of a
disease involving an antigen. Furthermore, the present invention relates to a
method for producing the RNA decorated particles such as RNA decorated lipid
particles, preferably RNA decorated liposomes.

1. A particle comprising:
(i) a vesicular core,
EdT (i) at least one therapeutically effective compound encapsulated within the
vesicular core, and
(iii) RNA forming a hydrophilic shell on at least a portion of the vesicular core.
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Particles comprising protamine and RNA in combination with endosome
destabilizing agents
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The present invention relates to particles comprising protamine, RNA and at least
one endosome destabilizing agent, to methods of their production and to
pharmaceutical compositions or kits containing the particles. It further relates to
particles comprising protamine and RNA for use in methods of treatment or
prevention of diseases and to kits comprising such particles together with at least
one endosome destabilizing agent.

1. A particle comprising protamine, RNA and at least one endosome destabilizing
agent (EDA), wherein the EDA is a pH-reactive agent and wherein the endosome
destabilizing activity of the pH-reactive agent is triggered by exposure to a pH in
the range of from 4.0 to 6.5, wherein the pH-reactive agent is selected from the
group consisting of polymers and peptides, wherein the polymers are polymers of
acrylic acid or substituted acrylic acid and the peptide comprises influenza
hemagglutinin peptide 2 according to SEQ ID NO: 2.
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Preparation and storage of liposomal RNA formulations suitable for therapy
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The present disclosure relates to methods for preparing RNA lipoplex particles for
delivery of RNA to target tissues after parenteral administration, in particular after
intravenous administration, and compositions comprising such RNA lipoplex
particles. The present disclosure also relates to methods which allow preparing
RNA lipoplex particles in an industrial GMP-compliant manner. Furthermore, the
present disclosure relates to methods and compositions for storing RNA lipoplex
particles without substantial loss of the product quality and, in particular, without
substantial loss of RNA activity.

1. A method of producing a liposome colloid comprising injecting a lipid solution
in ethanol into an aqueous phase to produce the liposome colloid, wherein the
concentration of at least one of the lipids in the lipid solution corresponds to or
is higher than the equilibrium solubility of the at least one lipid in ethanol.
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Preparation and storage of liposomal RNA formulations suitable for therapy
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The present disclosure relates to methods for preparing RNA lipoplex particles for
delivery of RNA to target tissues after parenteral administration, in particular after
intravenous administration, and compositions comprising such RNA lipoplex
particles. The present disclosure also relates to methods which allow preparing

. RNA lipoplex particles in an industrial GMP-compliant manner. Furthermore, the
present disclosure relates to methods and compositions for storing RNA lipoplex
particles without substantial loss of the product quality and, in particular, without
substantial loss of RNA activity.

1. A composition comprising:
RNA lipoplex particles comprising:
RNA, and
CHEX e at least one cationic lipid and at least one additional lipid,

sodium chloride at a concentration of about 10 mM or less,
a stabilizer at a concentration of about 10% weight by volume percent (% w/v)

or less, and a buffer.
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The present invention is in the field of immunotherapy, in particular tumor
immunotherapy. The present invention provides pharmaceutical formulations for
delivering RNA to antigen presenting cells such as dendrite cells (DCs) in the
spleen after systemic administration. In particular, the formulations described
herein enable to induce an immune response after systemic administration of
antigen-coding RNA.

1. A pharmaceutical composition comprising nanoparticles which comprise RNA
encoding at least one antigen, wherein:

(i) the number of positive charges in the nanoparticles does not exceed the
number of negative charges in the nanoparticles and/or

(i) the nanoparticles have a neutral or net negative charge and/or

(iii) the charge ratio of positive charges to negative charges in the nanoparticles
is 1.4:1 or less and/or

(iv) the zeta potential of the nanoparticles is O or less.
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RNA formulation for immunotherapy
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The present invention is in the field of immunotherapy, in particular tumor
immunotherapy. The present invention provides pharmaceutical formulations for
delivering RNA to antigen presenting cells such as dendrite cells (DCs) in the
spleen after systemic administration. In particular, the formulations described
herein enable to induce an immune response after systemic administration of
antigen-coding RNA.

1. A pharmaceutical composition comprising nanoparticles which comprise RNA
encoding at least one antigen, wherein:

(i) the number of positive charges in the nanoparticles does not exceed the
number of negative charges in the nanoparticles and/or

(i) the nanoparticles have a neutral or net negative charge and/or

(iii) the charge ratio of positive charges to negative charges in the nanoparticles
is 1.4:1 or less and/or

(iv) the zeta potential of the nanoparticles is O or less.

EP2830593B1

1. A pharmaceutical composition comprising nanoparticles which comprise at least
one cationic lipid, at least one neutral helper lipid and RNA encoding at least
one antigen for use in a method for delivering the at least one antigen to
professional antigen presenting cells in the spleen of a subject, said method
comprising systemically administering the pharmaceutical composition to the
subject,

wherein the antigen is a disease-associated antigen or elicits an immune response
against a disease-associated antigen or cells expressing a disease-associated
antigen, and

wherein the nanoparticles are lipoplexes comprising

(i) DOTMA and DOPE in a molar ratio of 82 to 3:7, preferably of 7:3 to 5:5,
wherein the charge ratio of positive charges in DOTMA to negative charges in
the RNA is 1.6:2 to 1:2, preferably 1.4:2 to 1.1:2; or

(i) DOTMA and Cholesterol in a molar ratio of 82 to 3:7, preferably of 7:3 to
5:5, wherein the charge ratio of positive charges in DOTMA to negative charges
in the RNA is 1.6:2 to 1:2, preferably 1.4:2 to 1.1:2; or

(iii) DOTAP and DOPE in a molar ratio of 82 to 3.7, preferably of 7:3 to 5:5,
wherein the charge ratio of positive charges in DOTAP to negative charges in the
RNA is 1.6:2 to 1:2, preferably 1.4:2 to 1.1:2.
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Lipid particle formulations for delivery of RNA and water—soluble
therapeutically effective compounds to a target cell
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The present invention relates to lipid particles comprising at least one cationic
lipid, at least one water-soluble therapeutically effective compound (e. g. a
bisphosphonate) and RNA. Further, the present invention relates to a
pharmaceutical composition comprising such particles. Said pharmaceutical
composition is useful for inducing an immune response. It is also useful in a
prophylactic and/or therapeutic treatment of a disease involving an antigen, e. g.
cancer. Furthermore, the present invention relates to a method for producing the
particles.

1. A lipid particle comprising:

(i) at least one cationic and/or pH responsive lipid,

(i) at least one water-soluble therapeutically effective compound, and
(i) RNA.
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nucleic acids, complexed with cationic or polycationic
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The present invention is directed to complexed precomplexed nucleic acids,
preferably mRNAs, which have been precomplexed in a first step with PEl in an
N/P ratio between 0.05 and 2, preferably in an N/P ratio between 0.1 and 1, and
which have been further complexed in a second step with a cationic compound.
The present invention is furthermore directed to the use of such complexed
precomplexed nucleic acids for the improvement of the endosomal release of
nucleic acids and optionally the improvement of expression of an encoded
protein or peptide. It is also directed to compositions comprising such complexed
precomplexed nucleic acids and to the use of such complexed precomplexed
nucleic acids or compositions thereof for gene therapy and/or the treatment of
various diseases as mentioned herein, e.g. by vaccination. The present invention is
also directed to methods for preparing and administering these complexed
precomplexed nucleic acids or compositions thereof and to kits, comprising these
complexed precomplexed nucleic acids or compositions thereof.

1. At least one "complexed precomplexed nucleic acid", wherein a nucleic acid
(molecule) has been precomplexed in a first step with PEl in an N/P ratio
between 0.05 and 2, and the precomplexed nucleic acid (molecule) has been
further complexed in a second step with a cationic or polycationic compound.
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Lipid nanoparticles
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30-70%)+PEG-lipid(2-5mol%)
Qo The invention provides lipid nanoparticles and formulations containing lipid

nanoparticles.

1. A lipid nanoparticle comprising:
(@) a nucleic acid;
(b) a cationic lipid in an amount from about 30 to about 70 mol % of the total
lipid present in the particle;
() a non-cationic lipid in an amount from about 30 to about 70 mol % of the
total lipid present in the particle, wherein the non-cationic lipid comprises a
mixture of a phospholipid and a cholesterol or derivative thereof; and

ey (d) a polyethylene glycol (PEG)-lipid conjugate that inhibits aggregation of lipid
nanoparticles in an amount from about 2 to about 5 mol % of the total lipid in
the particle, wherein the PEG-lipid conjugate comprises a PEG moiety linked to a
lipid anchor moiety,
wherein the PEG moiety of the PEG-lipid conjugate has an average molecular
weight of from about 500 to about 1,000 daltons,
provided that when the lipid anchor moiety is a dialkyl moiety, at least one of
the two alkyl chains is less than C14.
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Novel lipid-nucleic acid particulate complexes which are useful for in vitro or in
vivo gene transfer are described. The particles can be formed using either
detergent dialysis methods or methods which utilize organic solvents. Upon
removal of a solubilizing component (i.e, detergent or an organic solvent) the
lipid-nucleic acid complexes form particles wherein the nucleic acid s
serum-stable and is protected from degradation. The particles thus formed have
access to extravascular sites and target cell populations and are suitable for the
therapeutic delivery of nucleic acids.

1. A hydrophobic lipid-nucleic acid complex consisting essentially of cationic lipids
and nucleic acids, said complex being charge-neutralized and soluble in organic

solvents.
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High efficiency encapsulation of charged therapeutic agents in lipid vesicles
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Methods for the preparation of a lipid-nucleic acid composition are provided.
According to the methods, a mixture of lipids containing a protonatable or
deprotonatable lipid, for example an amino lipid and a lipid such as a PEG- or
polyamide oligomer-modified lipid is combined with a buffered aqueous solution
of a charged therapeutic agent, for example polyanionic nucleic acids, to produce
particles in which the therapeutic agent is encapsulated in a lipid vesicle. Surface
charges on the lipid particles are at least partially neutralized to provide surface-
neutralized lipid-encapsulated compositions of the therapeutic agents. The method
permits the preparation of compositions with high ratios of therapeutic agent to
lipid and with encapsulation efficiencies in excess of 50 %.

1. A method for preparation of a composition comprising lipid- encapsulated
therapeutic agent particles, said method comprising the steps of:

(@) combining a mixture of lipids comprising at least a first lipid component and
a second lipid component with a buffered aqueous solution of a charged
therapeutic agent to form an intermediate mixture containing lipid-encapsulated
therapeutic agent particles, said first lipid component being selected from among
lipids containing a protonatable or deprotonatable group that has a pKa such
that the lipid is in a charged form at a first pH and a neutral form at a second
pH, preferably near physiological pH, said buffered solution having a pH such
that the first lipid component is in its charged form when in the buffered
solution, said first lipid component being further selected such that the charged
form is cationic when the charged therapeutic agent is anionic in the buffered
solution, and anionic when the charged therapeutic agent is cationic in the
buffered solution, and said second lipid component being selected from among
lipids that prevent particle aggregation during lipid- therapeutic agent particle
formation, and

(b) changing the pH ofthe intermediate mixture to neutralize at least some
exterior surface charges on said lipid-encapsulated therapeutic agent particles to
provide at least partially-surface neutralized lipid-encapsulated therapeutic agent
particles.
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Pharmaceutical formulations with different release times
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The application discloses novel pharmaceutical formulations adapted for delaying
the release of a pharmaceutically active agent. A delayed-release drug formulation
encapsulates the active ingredient, which may be applied to microparticles or in
tableted form, in a release-delaying coat comprising polymeric materials of
predetermined swelling/permeability characteristics. In particular, acrylate and/or

29 acrylic acid polymer blends modified with ionic groups may be used. One
preferred embodiment uses a polymer of pH dependent permeability as a more
permeable element of the coat. The delayed-release formulations are deployed in
a single dosage form together with instant release or sustained release
formulations, so that a unit dosage form, preferably an oral dosage form, can
effectively administer two doses to a patient at different times.

1. A dosage form containing pharmaceutically active agent in two or more
CHEE Y different  formulations having different respective release times for the
pharmaceutically active agent under enteric conditions.
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Compositions for stimulating cytokine secretion and inducing an immune
response
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Lipid-nucleic acid particles can provide therapeutic benefits, even when the nucleic
acid is not complementary to coding sequences in target cells. It has been found
that lipid-nucleic acid particles, including those containing non-sequence specific
oligodeoxynucleotides, can be wused to stimulate cytokine secretion, thus
enhancing the overall immune response of a treated mammal. Further, immune
response to specific target antigens can be induced by administration of an
antigenic molecule in association with lipid particles containing non-sequence
specific oligodeoxynucleotides. The nucleic acid which is included in the
lipid-nucleic acid particle can be a phosphodiester (i.e, an oligodeoxynucleotide
consisting of nucleotide residues joined by phosphodiester linkages) or a modified
nucleic acid which includes phosphorothioate or other modified linkages, and may
suitably be one which is non-complementary to the human genome, such that it
acts to provide immunostimulation in a manner which is independent of
conventional base-pairing interactions between the nucleic acid and nucleic acids
of the treated mammal. In particular, the nucleic acid may suitably contain an
immune-stimulating motif such as a CpG motif, or an immune stimulating
palindromic sequence. The cationic lipid included in the nucleic acid particles may
be suitably selected from among DODAP, DODMA, DMDMA, DOTAP, DC-Chol,
DDAB, DODAC, DMRIE, DOSPA and DOGS. In addition, the lipid particle may
suitably contain a modified aggregation-limiting lipid such as a PEG-lipid, a
PAO-lipid or a ganglioside.

1. A composition for stimulating cytokine secretion in a mammal comprising a
nucleic acid polymer encapsulated in a lipid particle comprising a cationic lipid.
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Methods for preparation of lipid—encapsulated therapeutic agents

e 1999-07-15

o W02001/05373
S/HE 2001-01-25 OE {1z E3
°s = US07094423
Elol INEX PHARMACEUTICALS (CA)

DSPC:CHOL:DODAP:PEG-lipid=25:45:25:5,
=8 EX DSPC/chol/PEG-CerC14/DODAP system (20:45:10:25 mol %) 2001.vol 80,
2310-2326 (May) O|O] i

Fully lipid-encapsulated therapeutic agent particles of a charged therapeutic agent
are prepared by combining a lipid composition containing preformed lipid
vesicles, a charged therapeutic agent, and a destabilizing agent to form a mixture
of preformed vesicles and therapeutic agent in a destabilizing solvent. The
destabilizing solvent is effective to destabilize the membrane of the preformed
lipid vesicles without disrupting the vesicles. The resulting mixture is incubated for
a period of time sufficient to allow the encapsulation of the therapeutic agent
within the preformed lipid vesicles. The destabilizing agent is then removed to
yield fully lipid-encapsulated therapeutic agent particles. The preformed lipid
vesicles comprise a charged lipid which has a charge which is opposite to the
charge of the charged therapeutic agent and a modified lipid having a steric
barrier moiety for control of aggregation.

1. A method for preparing fully lipid-encapsulated therapeutic agent particles of a
charged therapeutic agent comprising the steps of
combining a lipid composition comprising preformed lipid vesicles, a charged
therapeutic agent, and a destabilizing agent to form a mixture of preformed
vesicles and therapeutic agent in a destabilizing solvent, wherein said destabilizing
solvent is effective to destabilize the membrane of the preformed lipid vesicles
without disrupting the vesicles,

CHEN incubating the mixture for a period of time sufficient to allow the encapsulation
of the therapeutic agent within the preformed lipid vesicles, and
removing the destabilizing agent, wherein the preformed lipid vesicles comprise
a charged lipid which has a charge which is opposite to the charge of the
charged therapeutic agent and a modified lipid having a steric barrier moiety for
control of aggregation, and wherein the modified lipid is present in the
preformed vesicles in an amount effective to retard, but not prevent, aggregation
of the preformed vesicles.

- 389 -



4,

T
o
)
ot
)
)
)
2
[>
r (
oldt
M
1%

@0 F2 mRNA WAl FAH Fo ESEA A4 &

476 WO2011/139911 | 4 lipid HE |

Lipid formulated single stranded RNA

2010-04-29

2011-11-10 [E Ij2a E3
ISIS PHARMACEUTICALS (US) &
ALNYLAM (US)
45-65 mol % of a cationic lipid, 5 mol % to about 10 mol %, of a non-cationic
lipid, 25-40 mol % of a sterol, and 0.5-5 mol % of a PEG or PEG-modified lipid

The present invention provides compositions comprising a nucleic acid lipid
particle and an oligomeric compound and uses thereof. In certain embodiments,
such compositions are useful as antisense compounds. Certain such antisense
compounds are useful as RNase H antisense compounds or as RNAi compounds.

1. A composition comprising a nucleic acid lipid particle comprising a single
stranded RNA, wherein the nucleic acid lipid particle comprises a lipid formulation
comprising 45-65 mol % of a cationic lipid, 5 mol % to about 10 mol %, of a
non-cationic lipid, 25-40 mol % of a sterol, and 0.5-5 mol % of a PEG or
PEG-modified lipid.
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Modified polynucleotides for the production of secreted proteins

P 2012-04-02
UsS10385106
S 2020-01-16 OE oz £
°= = US10577403
EgaAd MODERNA (US)
=g Ex 5'cap-UTR-ORF(N1-methyl pseudouridine Z%&)-UTR-polyA; 80-160nm 37| ;
T e cationic lipid, neutral lipid, cholesterol, PEG-lipid 2% X|& Lt X}
The invention relates to compositions and methods for the preparation,
Qer manufacture and therapeutic use of polynucleotides, primary transcripts and
mmRNA molecules.
1. A pharmaceutical composition comprising:
a plurality of lipid nanoparticles comprising a cationic lipid, a neutral lipid, a
cholesterol, and a PEG lipid, wherein the plurality of lipid nanoparticles has a
mean particle size of between 80 nm and 160 nm; and
wherein the lipid nanoparticles comprise an mRNA encoding a secreted protein,
HEE S wherein the mRNA comprises:

(i) at least one 5'-cap structure;

(i) a 5'-UTR;

(iii) an open reading frame encoding the secreted protein and consisting of
nucleotides including N1-methyl-pseudouridine, cytosine, adenine, and guanine;

(iv) a 3'-UTR; and

(v) a poly-A region of least 100 nucleotides in length.
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478 WO2012/135805 | 4 lipid HE |

Delivery and formulation of engineered nucleic acids

fud 2011-03-31 US8710200
US9533047
S 2012-10-04 e {22 E&
A hE WSS S se50068
=3¢l MODERNA (US) US10898574
e MRNA M2 $HY liposome lipoplex LNP PLGA E3! lipid HME MA|0 AS
T e LNP 50:10:38.5: 1.10 (Lipid: DSPC: Cholesterol: PEG-c-DOMG)
Provided are formulations, compositions and methods for delivering biological
Qot moieties such as modified nucleic acids into cells to modulate protein expression.
of

Such compositions and methods include the delivery of biological moieties, and
are useful for production of proteins.

1. A method of producing a polypeptide of interest in a cell, tissue or bodily
fluid of a mammalian subject in need thereof comprising administering to said

CHEM TS subject a pharmaceutical composition comprising a polynucleotide, said
polynucleotide comprising a sequence selected from the group consisting of SEQ
ID NO: 4, 7, 8 and 12.
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Engineered nucleic acids and methods of use thereof for non—human

vertebrates
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2012-11-22 e {2 59
MODERNA (US)
RNA X2 M (ZAMI2) Letrls LHE > AMA)

Provided are formulations, compositions, kits and methods for delivering biological
moieties such as modified nucleic acids into cells to induce, reduce or modulate
protein expression in non-human vertebrates.

1. A method of producing a polypeptide of interest in a cell, tissue or bodily
fluid of a non-human vertebrate subject in need thereof comprising administering
to said subject a pharmaceutical composition comprising a nucleic acid encoding
said polypeptide of interest.
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Modified nucleoside, nucleotide, and nucleic acid compositions

By
)
i
M
o
:

[e}

SE
)
)
2
[>
r (
oldt
M
1%

oMol 20121003 WO02013/052523
W02014/093924
S 20130919 WO02014/093926
US09271996
US09295689
Ce I{E2] S5 US08680069
EgaAd MODERNA (US) 1508664154
Us09186372
Us08754062
US2020/0164038
KR2014/0102759
=8 EX RNA-LNP X (& 50:10:38.5:1.5)
The present disclosure provides, inter alia, formulation compositions comprising
modified nucleic acid molecules which may encode a protein, a protein precursor,
Qo or a partially or fully processed form of the protein or a protein precursor. The
formulation composition may further include a modified nucleic acid molecule and
a delivery agent. The present invention further provides nucleic acids useful for
encoding polypeptides capable of modulating a cell's function and/or activity.
1. A method of producing a polypeptide of interest in a mammalian cell or
tissue, the method comprising, contacting said mammalian cell or tissue with a
formulation comprising a modified mMRNA encoding the polypeptide of interest,
HEE s wherein the formulation is selected from the group consisting of nanoparticles,

poly(lactic-co-glycolic acid) (PLGA) microspheres, lipidoid, lipoplex, liposome,
polymers, carbohydrates (including simple sugars), cationic lipids, fibrin gel, fibrin
hydrogel, fibrin glue, fibrin sealant, fibrinogen, thrombin, rapidly eliminated lipid
nanoparticles (reLNPs) and combinations thereof.
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Nucleic acid vaccines

oMY 2014-04-23 US9872300
US10022435

S/HE 2015-10-29 CiE of22] 5 US10709779

=g/l MODERNA (US) US2019/0008948
US2019/0015501

RNA B4l cationic lipid nanoparticle having a molar ratio of about 20-60%
o EA ionizable cationic lipid: about 5-25% non-cationic lipid: about 25-55% sterol; and
about 0.5-16% PEG-modified lipid

The invention relates to compositions and methods for the preparation,
Qorf manufacture and therapeutic use ribonucleic acid vaccines (NAVs) comprising
polynucleotide molecules encoding one or more antigens.

1. A nucleic acid vaccine, comprising:
one or more RNA polynucleotides having an open reading frame encoding an

fim}
=]
o0t
-
oot

antigenic polypeptide, formulated in a cationic lipid nanoparticle having a molar
ratio of about 20-60% cationic lipid: about 5-25% non-cationic lipid: about
25-55% sterol; and about 0.5-15% PEG-modified lipid.
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482 WO2016/118724 | 4 lipid HE |

Lipid nanoparticle compositions

fdd 2015-01-21
SHE 2016-07-28 OIE D2a| S8 US2018/0000953
=/ MODERNA (US)

=g EX LNP-mRNA, Cationic lipid 2+

cationic lipid:peg-lipid-DSPC-Cholesterol, =H]

Disclosed herein are nanoparticle compositions including an mRNA and a lipid
component and methods of using the same. The present invention provides
compositions and methods involving lipid-containing nanoparticle compositions to

a9 deliver mRNA to cells. In one aspect, the invention provides a nanoparticle
composition including (i) a lipid component including a phospholipid (which may
or may not be unsaturated), a PEG lipid, a structural lipid, and a compound of
formula (1) and (ii) an mRNA encoding a polypeptide of interest.

1. A method of producing a polypeptide of interest in a mammalian cell, said
method comprising contacting said mammalian cell with a nanoparticle
composition, said composition comprising

(i) a lipid component comprising a compound of formula (l)

W
EHEjg:FL-‘g' W ONMW

G L N

g, @ phospholipid, a
structural lipid, and a PEG lipid; and

(i) an mRNA encoding said polypeptide of interest,

whereby said mRNA is capable of being translated in said cell to produce said
polypeptide of interest.
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Lipid nanoparticle compositions

fdd 2015-01-23
SHE 2016-07-28 OIE D2a| S8 US2018/0085474
=/ MODERNA (US)

=g EX LNP-mRNA, Cationic lipid 2+

cationic lipid:peg-lipid-DSPC-Cholesterol, =H]

Disclosed herein are nanoparticle compositions including an mRNA and a lipid

QOoF
B component and methods of using the same.
1. A method of producing a polypeptide of interest in a mammalian cell, said
method comprising contacting said mammalian cell with a nanoparticle
composition, said composition comprising a lipid component comprising
(i) a compound of formula (I)
CHEd e

\) (n, @ phospholipid, a

structural lipid, and a PEG lipid; and

(i) an mRNA encoding said polypeptide of interest, whereby said mRNA is
capable of being translated in said cell to produce said polypeptide of interest.
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Methods for preparing particles and related compositions

M 2015-08-17
S 2017-02-23 CHE D22 £8 US2018/0243230
=@l MODERNA (US)

F8 £4 pH ZEE &% M=z

Methods for preparing particles and related compositions are provided. In some
embodiments, the particles include at least one polynucleotide (e.g., mRNA), and
in certain embodiments, the particles may include at least one ionizable molecule
(e.g., a lipid). A method for preparing a suspension including the particles may
comprise one or more filtration steps. In some such embodiments, prior to or

29 during filtration, one or more properties of the particles (e.g., surface charge)
and/or one or more properties of the suspension (e.g., pH) may be altered. In
some embodiments, altering one or more properties of the particles and/or
suspension may improve yield, improve a characteristic of the resulting
composition, and/or prevent or reduce certain problems, such as fouling during
the filtration process.

1. A method comprising:

changing a pH of a suspension comprising particles comprising mRNA and an
ionizable molecule from a first pH to a second pH, wherein the second pH is
greater than a pKa of the ionizable molecule; and

filtering the suspension to produce a filtered suspension comprising at least a
portion of the particles, wherein a coefficient of variation of a cross-sectional
dimension of the particles in the filtered suspension is less than or equal to
about 20%.
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Compounds and compositions for intracellular delivery of therapeutic agents
uS09867888
US09868691
S 2017-03-23 US09868692
US09868693
US10266485
=&l MODERNA (US) US10392341
US10442756
US2020/123100

M 2015-09-17

x=Q EX Cationic lipid 22 2% compounds 25=SM-102

The disclosure features novel lipids and compositions involving the same.
Nanoparticle compositions include a novel lipid as well as additional lipids such
as phospholipids, structural lipids, and PEG lipids. Nanoparticle compositions

o
2

further including therapeutic and/or prophylactics such as RNA are useful in the
delivery of therapeutic and/or prophylactics to mammalian cells or organs to, for
example, regulate polypeptide, protein, or gene expression.

1. A compound of Formula (I):

R“\/

S

or a salt or isomer thereof, wherein

Ri is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR",

-YR", and -R"M'R" ;

R2 and R3 are independently selected from the group consisting of H, C1-14

alkyl, C2-14 alkenyl, -R*YR", -YR", and -R*OR", or R2 and R3, together with the
CHEA 3 atom to which they are attached, form a heterocycle or carbocycle;

R4 is selected from the group consisting of a C3-6 carbocycle, -(CH2)nQ,

-(CH2)nCHQR, -CHQR, -CQ(R)2, and unsubstituted C1-6 alkyl, where Q is selected

from a carbocycle, heterocycle, -OR, -0(CH2)nN(R)2, -C(0)OR, -OC(0)R, -CX3,

-CX2H, -CXH2, -CN, -N(R)2, -C(O)N(R)2, -N(R)C(O)R, -N(R)S(0)2R, -N(R)C(0O)N(R)2,

-N(R)C(S)N(R)2, -N(R)R8, -0(CH2)nOR, -N(R)C(=NRI)N(R)2, -N(R)C(=CHRI)N(R)2,

-OC(0)N(R)2, -N(R)C(0)OR, -N(OR)C(0)R, -N(OR)S(0)2R, -N(OR)C(0)OR,

-N(OR)C(O)N(R)2, -N(OR)C(S)N(R)2, -N(OR)C(=NR9I)N(R)2, -N(OR)C(=CHRI)N(R)2,

-C(=NRI)N(R)2, -C(=NR9)R, -C(O)N(R)OR, and -C(R)N(R)2C(0)OR, and each n is

independently selected from 1, 2, 3, 4, and 5;

each R5 is independently selected from the group consisting of C1-3 alkyl, C2-3

alkenyl, and H;

each R6 is independently selected from the group consisting of C1-3 alkyl, C2-3
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alkenyl, and H;

M and M' are independently selected from -C(0)0-, -OC(O)-, -C(O)N(R"-,
-N(R")C(0)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(0)(OR")0-, -S(0)2-, -S-S-, an
aryl group, and a heteroaryl group;

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H;

R8 is selected from the group consisting of C3-6 carbocycle and heterocycle;

R9 is selected from the group consisting of H, CN, NO2, C1-6 alkyl, -OR, -S(0)2R,
-S(0)2N(R)2, C2-6 alkenyl, C3-6 carbocycle and heterocycle;

each R is independently selected from the group consisting of C1-3 alkyl, C2-3
alkenyl, and H;

each R' is independently selected from the group consisting of C1-18 alkyl, C2-18
alkenyl, -R*YR", -YR", and H;

each R" is independently selected from the group consisting of C3-14 alkyl and
C3-14 alkenyl;

each R* is independently selected from the group consisting of C1-12 alkyl and
C2-12 alkenyl;

each Y is independently a C3-6 carbocycle;

each X is independently selected from the group consisting of F, Cl, Br, and |
and

m is selected from 5, 6, 7, 8 9, 10, 11, 12, and 13; and wherein when R4 is
-(CH2)nQ, -(CH2)nCHQR, -CHQR, or —CQ(R)2,

then (i) Q is not -N(R)2 when n is 1, 2, 3, 4 or 5 or (i) Q is not 5 6, or
7-membered heterocycloalkyl when n is 1 or 2.
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Compositions and methods for delivery of therapeutic agents

edd 2015-12-10 US10207010
US10556018
SHE 2017-06-15 CHE oj22| S99
°= = US10485885
=3¢l MODERNA (US) US2020/0206362
z9 &% 23 £0f w
This disclosure provides improved lipid-based compositions, including lipid
Qo nanoparticle compositions, and methods of use thereof for delivering agents in
B vivo including nucleic acids and proteins. These compositions are not subject to
accelerated blood clearance and they have an improved toxicity profile in vivo.
1. A method for delivering lipid nanoparticles (LNPs) encapsulating a therapeutic
agent to a subject without producing an immune response that promotes
accelerated blood clearance (ABC) in response to subsequent doses of the LNP,
the method comprising:
_ L administering a first dose of LNPs to the subject, wherein the first dose of LNPs
hegret

does not induce an immune response that promotes ABC upon administration of
a second dose of LNP, and

administering a second dose of LNPs to the subject, wherein the subject does
not have an ABC response to the second dose of LNPs and wherein the subject
receives an effective amount of the therapeutic agent for treating a disease.
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Compounds and compositions for intracellular delivery of agents
P 2015-12-22
US10799463
SHE 2017-06-29 CHE 22| S35 US10195156
US2021/0161829
Eaiud MODERNA (US)
Fa £F cationic lipid 2% &3, CHE cationic lipid
The disclosure features amino lipids and compositions involving the same.
Nanoparticle compositions include an amino lipid as well as additional lipids such
as phospholipids, structural lipids, PEG lipids, or a combination thereof.
29f Nanoparticle compositions further including therapeutic and/or prophylactic agents
such as RNA are useful in the delivery of therapeutic and/or prophylactic agents
to mammalian cells or organs to, for example, regulate polypeptide, protein, or
gene expression.
1. A compound having the formula (I):
R, \/ \-
|
vx\. f"“\
Rs .
or a salt or isomer thereof, wherein
/' }ﬂ
ring A is & :
g IlLL' Ol‘ﬁz?-l/ t .
tis 1 or2;
ChEA Ai and A2 are each independently selected from CH or N;

Z is CH2 or absent wherein when Z is CH2, the dashed lines (1) and (2) each
represent a single bond; and when Z is absent, the dashed lines (1) and (2) are
both absent;

Ri, R2, R3, R4, and R5 are independently selected from the group consisting of
C5-20 alkyl, C5-20 alkenyl, -R"MR’, -R*YR", -YR", and -R*OR";

each M is independently selected from the group consisting of -C(0)0-, -OC(O)-,
-OC(0)0-, -C(O)N(R")-, -N(R"C(0)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-,
-P(0)(OR")0-, -S(0)2-, an aryl group, and a heteroaryl group;

X1, X2, and X3 are independently selected from the group consisting of a bond,
-CH2-, -(CH2)2-, -CHR-, -CHY-, -C(O)-, -C(0)0-, -OC(O)-, -C(0)-CH2-, -CH2-C(0)-,
-C(0)0-CH2-, -0OC(0)-CH2-, -CH2-C(0)0-, -CH2-OC(0)-, -CH(OH)-, -C(S)-, and
-CH(SH)-; each Y is independently a C3-6 carbocycle;

each R* is independently selected from the group consisting of Ci_i2 alkyl and
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C2-12 alkenyl;

each R is independently selected from the group consisting of C1-3 alkyl and a
C3-6 carbocycle;

each R' is independently selected from the group consisting of C1-12 alkyl,
C2-12 alkenyl, and H; and

each R" is independently selected from the group consisting of C3-12 alkyl and
C3-12 alkenyl,

S8
wherein when ring A is N\) , then

i) at least one of X1, X2, and X3 is not -CH2-; and/or
i) at least one of R1; R2, R3, R4, and R5 is -R"MR".
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488 WO2017/180917 | 4 lipd M8 |

Lipid compositions and their uses for intratumoral polynucleotide delivery

M 2016-04-13
S/HE 2017-10-19 OE T2 E5] US2019/016781
3§l MODERNA (US)

F8 £F o|l2stgt = & o0 c2|T|EQ} quarternary amine + 24t XY

The present application provides a composition comprising (1) a lipid composition
comprising an ionizable amino lipid and a quaternary amine compound and (2) a
polynucleotide. The present application also provides a composition comprising (1)

29 a lipid composition comprising an asymmetric phospholipid, an ionizable amino
lipid, and optionally a quaternary amine compound and (2) a polynucleotide,
wherein  the composition is formulated for intratumoral delivery of the
polynucleotide.

1. A composition comprising:
(i) a lipid composition comprising
(1) an ionizable amino lipid; and
(2) a quaternary amine compound; and
CHEH TS (i) a polynucleotide,
wherein the amount of the quaternary amine compound ranges from about 0.01
to about 20 mole % in the lipid composition, or
wherein the mole ratio of the ionizable amino lipid to the quaternary amine
compound is about 100:1 to about 2.5:1.
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Stabilized formulations of lipid nanoparticles
P 2016-06-14
3270 2017-12-21 CHE D2l £5 US2020/0069599
Eaiud MODERNA (US)
Fo EX LNP+ZZ2|0 amphiphilicc SZA=
The disclosure features novel lipids and compositions involving the same. Lipid
nanoparticles include a novel lipid as well as additional lipids such as
Qot phospholipids, structural lipids, and PEG lipids. Lipid nanoparticles further including
B therapeutics and/or prophylactics such as RNA are useful in the delivery of
therapeutics and/or prophylactics to mammalian cells or organs to, for example,
regulate polypeptide, protein, or gene expression.
1. A stabilized nanoparticle formulation comprising an ampbhiphilic polymer and a
HEXE TS lipid nanoparticle (LNP) component comprising an ionizable lipid or a

pharmaceutically acceptable salt thereof.

- 405 -



4,

T
o
)
ot
SE
)
)
2
[>
r (
oldt
M
1%

00 2 mRNA WAle 3l Fa 5324, A4 &

490

Lipid nanoparticles

H

ozt

S

WO02017/223135

0%

4 lipid M8 HZ@E

2016-06-24
2017-12-28 CiE D22l §8 US2020/0315967
MODERNA (US)
lipid M&d M=

The invention features methods and apparatus for producing lipid nanoparticles.
Methods of the invention include injecting a lipid solution into an aqueous
solution at an automated rate (e.g., a rate controlled by a servo pump). The
invention provides methods and apparatus for making lipid nanoparticles
possessing a wide range of lipid components and hydrophilic encapsulants,
including nucleic acids (e.g, mMRNA). Also provided are nanoparticles and
compositions thereof made by methods and apparatus of the invention.

1. A method for producing lipid nanoparticles, the method comprising:

a. providing an aqueous solution;

b. providing a lower alkanol solution comprising lipids; and

c. injecting the lower alkanol solution to the aqueous solution at an automated
rate to produce the lipid nanoparticles.
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High purity RNA compositions and methods for preparation thereof

M 2016-09-14
US10653712
S 2018-03-22 e YUz E3
US2019/0247417
=3¢l MODERNA (US)
=8 S% =72 (dsRNA)O| SlE M, reverse phase purified, us 1 S8x

The invention relates to improved RNA compositions for use in therapeutic
applications. The RNA compositions are particularly suited for use in human
therapeutic application (e.g., in RNA therapeutics). The RNA compositions are
29 made by inproved processes, in particular, improved in vitro-transcription (IVT)
processes. The invention also relates to methods for producing and purifying RNA
(e.g, therapeutic RNAs), as well as methods for using the RNA compositions and

therapeutic applications thereof.

1. A composition comprising an in vitro-transcribed (IVT) RNA and a
CHEE TS pharmaceutically acceptable excipient, wherein the composition is substantially free
of reverse transcription complement product
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Stabilized formulations of lipid nanoparticles

H
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0%

2016-11-08
2018-05-17 CHE 2] E5] US2019/0336452

MODERNA (US)

A

8, SZUE

=

The disclosure features a lipid nanoparticle (LNP) formulation comprising a
plurality of LNPs and a stabilizing agent that mitigates the degradation of the
LNPs or a subpopulation thereof. Lipid nanoparticles further including therapeutics
and/or prophylactics such as RNA are useful in the delivery of therapeutics and/or
prophylactics to mammalian cells or organs to, for example, regulate polypeptide,
protein, or gene expression. Methods of manufacturing LNP formulations and
screening for a stabilizing agent are also disclosed.

1. A lipid nanoparticle (LNP) formulation comprising a plurality of LNPs and a
stabilizing agent that mitigates the degradation of the LNPs or a subpopulation
thereof, wherein each of the LNPs comprises an ionizable lipid and a structural
lipid, and the stabilizing agent comprises a surfactant, a cryoprotectant, a chelator,
an antioxidant, or any combination thereof.
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Compounds and compositions for intracellular delivery of therapeutic agents

P 2017-03-15
US10857105
ShL 2018-09-20 CHe I{E2] 53 US2021/0154148
KR2019/0132405
Eagul MODERNA (US)
=g £x cationic lipid 22 23, cpds 25(SM102) Z=“gH| Z&f(cationic lipid:
phospholipid:structural lipid:PEG-lipid=30-60: 0-30:18.5-48.5:1-10=50:10:38.5:1.5)
The disclosure features novel lipids and compositions involving the same.
Nanoparticle compositions include a novel lipid as well as additional lipids such
Qo as phospholipids, structural lipids, and PEG lipids. Nanoparticle compositions

further including therapeutic and/or prophylactics such as RNA are useful in the
delivery of therapeutic and/or prophylactics to mammalian cells or organs to, for
example, regulate polypeptide, protein, or gene expression.

1. A compound of Formula (I):

R‘*\ e

J ke

or its N-oxide, or a salt or isomer thereof, wherein

Ri is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR",

-YR", and -R" M'R};

R2 and R3 are independently selected from the group consisting of H, Ci-14

alkyl, C2-14 alkenyl, -R*YR", -YR", and -R*OR", or R2 and R3, together with the

atom to which they are attached, form a heterocycle or carbocycle;

R4 is selected from the group consisting of hydrogen, a C3-6 carbocycle,
CHEETE  -(CH2nQ, -(CH2)NCHQR,  -(CH2)oC(Rio)2(CH2)n-0Q, -CHQR, -CQ(R)2, and

unsubstituted Ci-6 alkyl, where Q is selected from a carbocycle, heterocycle, -OR,

-0(CH2)nN(R)2, -C(0)OR, -OC(O)R, -CX3, -CX2H, -CXH2, -CN, -N(R)2, -C(O)N(R)2,

-N(R)C(O)R, -N(R)S(0)2R, -N(R)C(O)N(R)2, -N(R)C(S)N(R)2, N(R)Rs, -N(R)S(0)2RS8,

-0(CH2)nOR, -N(R)C(=NRI)N(R)2, -N(R)C(=CHRI)N(R)2, -OC(0)N(R)2, -N(R)C(0)OR,

-N(OR)C(O)R, -N(OR)S(0)2R, -N(OR)C(0)OR, -N(OR)C(0)N(R)2, -N(OR)C(S)N(R)2,

-N(OR)C(=NR9I)N(R)2, -N(OR)C(=CHR9)N(R)2, -C(=NR9)N(R)2, -C(=NR9)R,

-C(O)N(R)OR, and -C(R)N(R)2C(0)OR, each o is independently selected from 1, 2, 3,

and 4, and each n is independently selected from 1, 2, 3, 4, and 5;

each R5 is independently selected from the group consisting of OH, C1-3 alkyl,

C2-3 alkenyl, and H;

each Re is independently selected from the group consisting of OH, C1-3 alkyl,

C2-3 alkenyl, and H;

M and M' are independently selected from -C(0)0-, -OC(O)-, -OC(0)-M"-C(0)0-,
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-C(O)N(R)-, -N(R)C(0)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(0)(OR"O-,
-S(0)2-, -S-S-, an aryl group, and a heteroaryl group, in which M" is a bond,
Ci-13 alkyl or C2-13 alkenyl;

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H; R8 is
selected from the group consisting of C3-6 carbocycle and heterocycle; R9 is
selected from the group consisting of H, CN, NO2, Ci-6 alkyl, -OR, -S(0)2R,
-S(0)2N(R)2, C2-6 alkenyl, C3-6 carbocycle and heterocycle; RIO is selected from
the group consisting of H, C1-3 alkyl, and C2-3 alkenyl; each R is independently
selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, (CH2)gqOR*, and H,
and each q is independently selected from 1, 2, and 3; each R' is independently
selected from the group consisting of C1-18 alkyl, C2-18 alkenyl, -R*YR", -YR",
and H; each R" is independently selected from the group consisting of C3-15
alkyl and C3-15 alkenyl; each R* is independently selected from the group
consisting of Ci-12 alkyl and C2-12 alkenyl; each Y is independently a C3-6
carbocycle; each X is independently selected from the group consisting of F, C|,
Br, and I; and m is selected from 5, 6, 7, 8, 9, 10, 1 1, 12, and 13; and wherein
when R4 is -(CH2)nQ, -(CH2)nCHQR, -CHQR, or -CQ(R)2, then (i) Q is not -N(R)2
when n is 1, 2, 3, 4 or 5 or (i) Q is not 5 6, or 7-membered heterocycloalkyl

when n is 1 or 2.
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Provided herein are novel solid forms of each of four compounds: (1)
heptadecan-9-yl 8-((2-hydroxyethyl)amino)octanoate ("Compound ™), 2)
heptadecan-9-yl 8-((2-hydroxyethyl)(6-oxo-6-(undecyloxy)hexyl)amino)octanoate
("Compound 2",(3) heptadecan-9-yl
8-((2-hydroxyethyl)(8-(nonyloxy)-8-oxooctyl)amino)octanoate ("Compound 3"), and
(6Z,92,282,317Z)-heptatriaconta-6,9,28,31-tetraen-19-yl 4-(dimethylamino)butanoate
("MC3"), and related compositions and methods.

1. A salt or cocrystal of heptadecan-9-yl 8-((2-hydroxyethyl)amino)octanoate
("Compound 1), heptadecan-9-yl
8-((2-hydroxyethyl)(6-oxo-6-(undecyloxy)hexyl)amino)octanoate("Compound  2"), or
heptadecan-9-yl 8-((2-hydroxyethyl)(8-(nonyloxy)-8- oxooctyl)amino)octanoate
("Compound 3"), the salt or cocrystal of Compound 1, 2, or 3 having a melting
point of about 50 °C or greater.
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Lipid nanoparticle formulation

U 2017-03-15
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3§l MODERNA (US)

=9 EZ cpds25, sterol Blg}, = Bigt Fsk

The disclosure features novel lipids and compositions involving the same.
Nanoparticle compositions include an ionizable lipid, a phospholipid, a first sterol
or a tocopherol, and optionally a second sterol different from the first sterol.
29 Nanoparticle compositions further including therapeutic and/or prophylactics such
as RNA are useful in the delivery of therapeutic and/or prophylactics to
mammalian cells or organs to, for example, regulate polypeptide, protein, or gene

expression.

1. A nanoparticle composition comprising a lipid component comprising

an ionizable lipid,

a phospholipid,

a first sterol or a tocopherol, and

optionally a second sterol different from the first sterol wherein the molar ratio
between the first and second sterols is between about 1 : 100 and 100: 1, or the
molar ratio between the tocopherol and second sterol is between about 1 : 100
and 100: 1.
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Compounds and compositions for intracellular delivery of agents
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The disclosure features amino lipids and compositions involving the same.
Nanoparticle compositions include an amino lipid as well as additional lipids such
as phospholipids, structural lipids, PEG lipids, or a combination thereof.

29f Nanoparticle compositions further including therapeutic and/or prophylactic agents
such as RNA are useful in the delivery of therapeutic and/or prophylactic agents
to mammalian cells or organs to, for example, regulate polypeptide, protein, or
gene expression.

1. A compound having the formula (I):

R
R1 R)ﬁ
| X3 N
- ~
N X AT R
Rz/ NN X2
| Rya
Ra (1).
or a salt or isomer thereof, wherein
W\ / \
(\ \H Z’
P “a/"‘w)
EHE@:I'L%I' ring A is Xe=—X; "

tis 1 or 2

Ai and A2 are each independently selected from CH or N;

Z is CH2 or absent wherein when Z is CH2, the dashed lines (1) and (2) each
represent a single bond; and when Z is absent, the dashed lines (1) and (2) are
both absent;

Ri, R2, R3, R4, and R5 are independently selected from the group consisting of
C5-20 alkyl, C5-20 alkenyl, -R"MR', -R*YR", -YR", and -R*OR";

Rxi and Rx2 are each independently H or C1-3 alkyl;

each M is independently selected from the group consisting

of -C(0)0-, -OC(0)-, -OC(0)0-, -C(O)N(R)-, -N(R)C(0)-, -C(O)-, -C(S)-, -C(S)S-,
-SC(S)-, -CH(OH)-, -P(0)(OR"0-, -S(0)2-, -C(0)S-, -SC(O)-, an aryl group, and a
heteroaryl group;

M* is -0-, or Ci-Ce alkyl,
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W1 and W2 are each independently selected from the group consisting of a
bond, -O- and -N(R6)-;

each R6 is independently selected from the group consisting of H and C1-5
alkyl;

X1, X2, and X3 are independently selected from the group consisting of a bond,
-CH2-, -(CH2)2-, -CHR-, -CHY-, -C(O)-, -C(0)0-, -OC(0)-, -(CH2)n-C(0)-,
-C(0)-(CH2)n-, -(CH2)n-C(0)0-, -OC(0)-(CH2)n-, -(CH2)n-OC(0)-, -C(0)0-(CH2)n-,
-CH(OH)-, -C(S)-, and -CH(SH)-;

each Y is independently a C3-6 carbocycle;

each R* is independently selected from the group consisting of C i-i2 alkyl and
C2-i2 alkenyl;

each R is independently selected from the group consisting of C1-3 alkyl and a
C3-6 carbocycle;

each R' is independently selected from the group consisting of C1-18 alkyl, C2-i8
alkenyl, and H;

each R" is independently selected from the group consisting of C3-i2 alkyl,
C3-12 alkenyl and -R*MR' ; and

n is an integer from 1 -6;

(\Nk
N
wherein when ring A is g’{ , then
i) at least one of X1, X2, and X3 is not -CH2-; and/or

ii) at least one of Ri, R2, R3, R4, and R5 is -R"MR' .
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RNA formulations
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LNP(ionizable lipid : phospholipid: structural lipid=35~50:30~40:20~30), 50%2|
F9 EX LNP= SHib2 TE25HHAM inner corell AL, 95%2| PEG lipid & outer shellOf|
U MY, QCUEX)

This disclosure provides improved lipid-based compositions, including lipid
Qorf nanoparticle compositions, and methods of use thereof for delivering agents in
vivo including nucleic acids and proteins.

1. A composition comprising an enriched population of lipid nanoparticles (LNPs),
wherein the LNPs have an outer shell and an inner core and comprise an
ionizable lipid, a phospholipid, a PEG lipid, and optionally a structural lipid,
wherein at least 50% of the LNPs comprise RNA encapsulated within the inner
core and wherein the outer shell comprises at least 95% of the total PEG lipid in
the LNP.
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Methods of making lipid nanoparticles

U 2017-08-31
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3§l MODERNA (US)

=g EX LNP =&

The disclosure features novel methods of producing nucleic acid lipid nanoparticle
(LNP) compositions employing a modifying agent after formation of a precursor
nucleic acid lipid nanoparticle, the produced compositions thereof, and methods
involving the nucleic acid lipid nanoparticles useful in the delivery of therapeutics
and/or prophylactics, such as a nucleic acid, to mammalian cells or organs to, for
example, to regulate polypeptide, protein, or gene expression.

1. A method of producing a nucleic acid lipid nanoparticle composition, the
method comprising:
mixing a lipid solution comprising an ionizable lipid with a solution comprising a
nucleic acid thereby forming a precursor nucleic acid lipid nanoparticle;

eEdT adding a lipid nanoparticle modifier comprising a modifying agent to the
precursor nucleic acid lipid nanoparticle thereby forming a modified nucleic acid
lipid nanoparticle; and processing the precursor nucleic acid lipid nanoparticle, the
modified nucleic acid lipid nanoparticle, or both thereby forming the nucleic acid

lipid nanoparticle composition.
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The present disclosure in part provides compounds (i.e, PEG lipids) which are
useful in pharmaceutical compositions, cosmetic compositions, and drug delivery
systems, eg, for use in lipid nanoparticle (LNP) formulations. The present
disclosure also provides LNP formulations comprising PEG lipids described herein,
and methods of using the same. For example, the LNPs provided herein are
useful for the delivery of an agent (e.g, therapeutic agent) to a subject. The PEG
lipids and LNPs provided herein, in certain embodiments, exhibit increased PEG
shedding compared to existing PEG lipids and LNP formulations.

1. A lipid nanoparticle (LNP) comprising a PEG lipid of Formula (I):

il
QO 1
R O\G/\Oaj\u o™" 0
r

or a pharmaceutically acceptable salt thereof; wherein:

CHE A 3 L1 is a bond, optionally substituted Ci-3 alkylene, optionally substituted Ci-3
heteroalkylene, optionally substituted C2-3 alkenylene, optionally substituted C2-3
alkynylene;

R1 is optionally substituted C5-30 alkyl, optionally substituted C5-30 alkenyl, or
optionally substituted C5-30 alkynyl;

R° is hydrogen, optionally substituted alkyl, optionally substituted acyl, or an
oxygen protecting group; and

r is an integer from 2 to 100, inclusive.
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High—purity PEG lipids and uses thereof
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The present disclosure is based, at least in part, on the discovery that high-purity
PEG lipids exhibit superior physical and biological properties, particularly when
used in lipid nanoparticle (LNP) formulations. Therefore, the present disclosure

29 provides PEG lipids at a recommended purity, e.g., for use in formulations, such
as LNP formulations. The present disclosure also provides LNPs comprising the
high-purity PEG lipids, and methods for delivering therapeutic agents to a subject
using the same.

1. A plurality of compounds of Formula (I):
O
~E/\O r

or salts thereof; wherein:

(I,
r is independently an integer from 35-55, inclusive; and

the plurality of compounds has a purity of 87% or greater with respect to
compounds of Formula (I).
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Fa £ PEG-lipid =2 &Y, SHY™ (X
Qo The invention relates to sterol esters and methods for producing purified sterols

that can be utilized in methods for producing a lipid nanoparticle.

1. A compound having the structure of Formula I:

Formula |

wherein the dotted lines represent optional double bonds;

in]
s
ot
-
oot

R1 is trifluoromethyl, trichloromethyl, iso-propyl, tert-butyl, 4-methyl-phenyl,
4-carboxylic acid- phenyl, 3-carboxylic acid-propyl, optionally substituted C2-C9
heteroaryl, optionally substituted C1 -C6 alkyl C2-C9 heteroaryl, optionally
substituted C1 -C6 alkyl C2-C9 heterocyclyl, optionally substituted C1 -C6
heteroalkyl, optionally substituted C3-C8 cycloalkyl, optionally substituted C6-C21
alkyl, or optionally substituted C1 -C21 alkenyl; and

R2 is hydrogen or methyl;

or a pharmaceutically acceptable salt thereof.
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Sterol analogs and uses thereof
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The invention relates to compositions and methods for the preparation,
manufacture, and therapeutic use of compositions comprising mRNA and a lipid
nanoparticle comprising a compound of the invention and an ionizable lipid.

1. A compound having the structure of Formula I

Formula |,

wherein R1a is H, optionally substituted C1-C6 alkyl, optionally substituted C2-C6
alkenyl, or optionally substituted C2-C6 alkynyl ; X is O or S;
f1
FI;c Rb2
: . Si:: b3
R1b is H, optionally substituted C1-C6 alkyl, or l‘( R - each of Rb1, Rb2,

and Rb3 s, independently, optionally substituted C1-C6 alkyl or optionally
substituted C6-C10 aryl;
R2 is H or ORA, wherein RA is H or optionally substituted C1-C6 alkyl;

. §—CH;
R3 is H or ;

each %\* independently represents a single bond or a double bond;

W is CR4a or CR4aR4b, wherein if a double bond is present between W and the
adjacent carbon, then W is CR4a; and if a single bond is present between W and
the adjacent carbon, then W is CR4aR4b;

each of R4a and R4b is, independently, H, halo, or optionally substituted C1-C6
alkyl;

each of R5a and R5b is, independently, H or ORA, or R5a and R5b, together with

0
the atom to which each O is attached, combine to form E)J\r"";
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mi 1,2, 0r3;

L'=is absent,

L' is absent,

N

Lt is absent, Ejsxf‘" . or "{DH:"‘ ;and

R6 is optionally substituted C3-C20 cycloalkyl, optionally substituted C3-C20
cycloalkenyl, optionally substituted C6-C20 aryl, optionally substituted C2-C19
heterocyclyl, or optionally substituted C2-C19 heteroaryl,

or a pharmaceutically acceptable salt thereof.
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The disclosure features novel lipids and compositions involving the same.
Nanoparticle compositions include a novel lipid as well as additional lipids such
as phospholipids, structural lipids, and PEG lipids. Nanoparticle compositions
further including therapeutic and/or prophylactics such as RNA are useful in the
delivery of therapeutic and/or prophylactics to mammalian cells or organs to, for
example, regulate polypeptide, protein, or gene expression.

1. A compound of Formula (I):

R? R
‘\“N/ 2
=& /kﬁf
RE M R* () or its N-oxide, or a salt or isomer thereof,
m
wherein:

R1 is selected from the group consisting of C5-30 alkyl, C5-20 alkenyl, -R*YR",
-YR", and -R"M'R’;

R2 and R3 are independently selected from the group consisting of H, C1-14
alkyl, C2-14 alkenyl, -R*YR", -YR", and -R*OR", or R2 and R3, together with the
atom to which they are attached, form a heterocycle or carbocycle;

R4 is selected from the group «consisting of -(CH2)nQ, -(CH2)nCHQR, -

HEYTE  (CH2)oC(R12)2(CH2)n-0Q, -CHQR, -CQR)2, and -C(O)NQR, where Q s

-(CH2)nN(R)2, each 0 is independently selected from 1, 2, 3, and 4, and each n is
independently selected from 1, 2, 3, 4, and 5;

each R5 is independently selected from the group consisting of OH, C1-3 alkyl,
C2-3 alkenyl, and H;
each R6 is independently selected from the group consisting of OH, C1-3 alkyl,
C2-3 alkenyl, and H;

M and M’ are independently selected from -C(0)0-, -OC(O)-, -0C(0)-M"-C(0)0-, -
C(O)N(R")-, -N(R)C(0)-, -C(O)-, -C(S)-, -C(S)S-, -SC(S)-, -CH(OH)-, -P(0)(0R)0-, -S(0)2-,
-S-S-, an aryl group, and a heteroaryl group, in which M" is a bond, C1-13 alkyl
or C2-13 alkenyl;

R7 is selected from the group consisting of C1-3 alkyl, C2-3 alkenyl, and H;

R12 is selected from the group consisting of H, OH, C1-3 alkyl, and C2-3
alkenyl;
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each R is independently selected from the group consisting of C1-6 alkyl, C1-3
alkyl-aryl, C2-3 alkenyl, and H;

each R’ is independently selected from the group consisting of C1-18 alkyl,
C2-18 alkenyl, -R*YR", -YR", (CH2)qOR*. and H,

and each q is independently selected from 1, 2, and 3;

each R” is independently selected from the group consisting of C3-15 alkyl and
C3-15 alkenyl;

each R* is independently selected from the group consisting of C1-12 alkyl and
C2-12 alkenyl;

each Y is independently a C3-6 carbocycle;

each X is independently selected from the group consisting of F, Cl, Br, and [;
and m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13.
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Preparation of lipid nanoparticles and methods of administration thereof
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=g EX LNP =&
The present disclosure provides methods of producing lipid nanoparticle (LNP)
Qo formulations and the produced LNP formulations thereof. The present disclosure
B also provides therapeutic and diagnostic uses related to the produced LNP
formulations.
1. A method of producing a lipid nanoparticle (LNP) composition, the method
comprising:
i) mixing an aqueous buffer solution and an organic solution, thereby forming a
lipid nanoparticle (LNP) formulation comprising a lipid nanoparticle (LNP)
encapsulating a nucleic acid; and
CHEY 2 ii) processing the lipid nanoparticle (LNP) formulation, thereby forming the lipid

nanoparticle composition;

wherein the organic solution comprises an organic solvent-soluble nucleic acid
and an ionizable lipid in an organic solvent; and

wherein the organic solvent-soluble nucleic acid comprises a hydrophobic organic

cation.
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Methods of preparing lipid nanoparticles
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The present disclosure provides methods of producing lipid nanoparticle (LNP)
Qo formulations and the produced LNP formulations thereof. The present disclosure
B also provides therapeutic and diagnostic uses related to the produced LNP
formulations.
1. A method of producing a lipid nanoparticle (LNP) formulation, the method
comprising:
mixing a lipid solution comprising an ionizable lipid with an aqueous buffer
HEA s solution comprising a first buffering agent thereby forming a lipid nanoparticle

solution comprising a lipid nanoparticle; and
adding a nucleic acid solution comprising a nucleic acid to the lipid nanoparticle
solution thereby forming a lipid nanoparticle (LNP) formulation comprising the

lipid nanoparticle associated with the nucleic acid.
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Carbonate containing lipid compounds and compositions for intracellular
delivery of therapeutic agents
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cationic lipid 28 2

The application relates to lipids of the general Formula (A) wherein at least one
of the two side chains contains a carbonate functional group (M and/or M' is
-0C(=0)0-) and to empty or loaded lipid nanoparticles (LNPs) including such lipids
as well as additional lipids such as phospholipids, structural lipids, and PEG lipids.
Lipid nanoparticles further including therapeutic and/or prophylactics such as RNA
are useful in the delivery of therapeutic and/or prophylactics to mammalian cells
or organs to, for example, regulate polypeptide, protein, or gene expression.

1. A compound of Formula (A):

R‘ i &
RNMR \M,—fR

m K _<R.3
T
RE
or its N-oxide, or a salt or isomer thereof, wherein

(A),

m is selected from 5, 6, 7, 8, and 9;

R2 and R3 are each independently selected from the group consisting of H,
C1-14 alkyl, and C2-14 alkenyl;

R4 is selected from -(CH2)nOH, wherein n is selected from 1, 2, 3, 4, and 5, and
p=d

R HM wherein n2 is selected from 1, 2, 3, 4, 5, 6, 7, 8 9, and 10;
and R10 is - NT(R)Z, wherein each R is independently selected from the group
consisting of C1-6 alkyl, C2-3 alkenyl, and H;

M and M’ are each independently selected from —-OC(O)O- and -C(O)O-; wherein
at least one of M and M’ is —OC(O)O-;

R'a is C1-18 alkyl or C2-18 alkenyl; and

R" is a C3-C13 alkyl, optionally substituted with OH.
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Headgroup lipid compounds and compositions for intracellular delivery of
therapeutic agents
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The application relates to lipids of Formula (A-1) and compositions involving the
same. Lipid nanoparticles (e.g., empty LNPs or loaded LNPs) include such a lipid
as well as additional lipids such as phospholipids, structural lipids, and PEG lipids.

R 9F Lipid nanoparticles (e.g., empty LNPs or loaded LNPs) further including therapeutic
and/ or prophylactics such as RNA are useful in the delivery of therapeutic
and/or prophylactics to mammalian cells or organs to, for example, regulate
polypeptide, protein, or gene expression.
1. A compound of Formula (A-1):

R'LNNWTDH\R'N&”C“W
R2
o T (A-1)
R
or its N-oxide, or a salt or isomer thereof, wherein:
REC{
?\/RI
R'branched is ReD wherein é denotes a point of attachment; wherein
Raa and Rab are each independently selected from the group consisting of H
and C1-2 alkyl, wherein at least one of Raa and Rab is a C1 or C2 alkyl; R" is
R selected from the group consisting of C1-18 alkyl and C2-18 alkenyl;
o o

R2 and R3 are each independently selected from the group consisting of C1-14
alkyl and C2-14 alkenyl;
R4 is -(CH2)nQ, wherein n is independently selected from 1, 2, 3, 4, and 5, where

Q is selected from NRS(O)2RSX and }iN , Wherein A is a 3-14
membered heterocycle containing one or more heteroatoms selected from N, O

and S; and a is 1, 2, 3, or 4; wherein g denotes a point of attachment;
R is selected from H and C1-3 alkyl;

RSX is selected from a C3-8 carbocycle, a 3-14 membered heterocycle containing
one or more heteroatoms selected from N, O and S, C1-6 alkyl, C2-6 alkenyl,
(C1-3 alkoxy)C1-3 alkyl, (CH2)p1O(CH2)p2RSX1, and (CH2)p1RSX1, wherein the
carbocycle and heterocycle are optionally substituted with one or more groups
selected from oxo, C1-6 alkyl, and (C1-3 alkoxy)C1-3 alkyl;
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RSX1 is selected from C(O)NR14R14', a C3-8 carbocycle, and a 3-14 membered
heterocycle containing one or more heteroatoms selected from N, O and S,
wherein the carbocycle and heterocycle are each optionally substituted with one
or more groups selected from oxo, halo, C1-3 alkyl, (C1-3 alkoxy)C1-3 alkyl, C1-6
alkylamino, di-(C1-6 alkyl) amino, and NH2;

each R13 is selected from the group consisting of OH, oxo, halo, C1-6 alkyl, C1-6
alkoxy, C2-6 alkenyl, C1-6 alkylamino, di-(C1-6 alkyl) amino, NH2, C(O)NH2, CN,
and NO2;

R14 and R14' are each independently selected from the group consisting of H
and C1-6 alkyl;

p1 is selected from 1, 2, 3, 4, and 5; and

p2 is selected from 1, 2, 3, 4, and 5.
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Disclosed herein are novel compounds, pharmaceutical compositions comprising
such compounds and related methods of their use. The compounds described
herein are useful, e.g., as liposomal delivery vehicles to facilitate the delivery of
encapsulated polynucleotides to target cells and subsequent iransfection of said
target cells, and in certain embodiments are characterized as having one or more
properties that afford such compounds advantages relative to other similarly
classified lipids.

1. A compound having the structure:

R{P\)n\S—S/Rz

wherein R1 is selected from the group consisting of imidazole, guanidinium,
imine, enamine, amino, an optionally-substituted alkyl amino an alkyl amino such
as dimethylamino) and pyridyl;

wherein R2 is selected from the group consisting of

}"1 , and 3
wherein R3 and R4 are each independently selected from the group consisting of
an optionally substituted, variably saturated or unsaturated C6-C20 alkyl and an
optionally substituted, variably saturated or unsaturated C6-C20 acyl; and
wherein n is zero or any positive integer.
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Disclosed herein are novel compounds, pharmaceutical compositions comprising
such compounds and related methods of their use. The compounds described
herein are useful, e.g., as liposomal delivery vehicles to facilitate the delivery of
encapsulated polynucleotides to target cells and subsequent transfection of said
target cells, and in certain embodiments are characterized as having one or more
properties that afford such compounds advantages relative to other similarly
classified lipids.

1. A compound having the structure:
R,

wherein

R1 and R2 are each independently selected from the group consisting of
hydrogen, an optionally substituted, variably saturated or unsaturated C1-C20 alkyl
and an optionally substituted, variably saturated or unsaturated C6-C20 acyl;

L1 and L2 are each independently selected from the group consisting of an
optionally substituted C1-C30 alkyl, an optionally substituted variably unsaturated
C1-C30 alkenyl, and an optionally substituted C1-C30 alkynyl;

m and o are each independently selected from the group consisting of zero and
any positive integer; and

n is any positive integer.

- 430 -



4010 WO2014/144196 | 4 lipid HE |

Synergistic enhancement of the delivery of nucleic acids via blended

formulations

SR

Wt OH
o X
o e

M
to
m
(0)a}

o
2

2013-03-15
US10130649
2014-09-18 CHE D22l £5 US10646504
US2020/390797
TRANSLATE BIO (US)
XNEL-YUA & ZSFE 0|8

Disclosed herein are pharmaceutical compositions that comprise "blends" of lipid
nanoparticles and related methods of using such blended compositions to deliver
polynucleotides to one or more target cells, tissues or organs. The blended
compositions are generally characterized as being able to efficiently deliver
polynucleotides to target cells and by their ability to enhance the expression of
such polynucleotides and the production of functional proteins by target cells.

1. A method of delivering a messenger RNA (mRNA) to a subject, comprising
administering to the subject a pharmaceutical composition comprising an mRNA
and a blend of at least a first lipid nanoparticle and a second lipid nanoparticle,
wherein the first lipid nanoparticle comprises the mRNA; and wherein the first
lipid nanoparticle comprises at least one lipid distinct from the second lipid

nanoparticle.
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The present invention provides, among other things, methods of delivering mRNA
in vivo, including administering to a subject in need of delivery a composition
Qor comprising an mRNA encoding a protein, encapsulated within a liposome such
B that the administering of the composition results in the expression of the protein
encoded by the mRNA in vivo, wherein the liposome comprises a cationic lipid of
formula I-c; or a pharmaceutically acceptable salt thereof.
1. A method of delivery of messenger RNA (mRNA) in vivo, comprising
administering to a subject in need of delivery a composition comprising an
mRNA encoding a protein, encapsulated within a liposome such that the
administering of the composition results in the expression of the protein encoded
by the mRNA in vivo;
wherein the liposome comprises a cationic lipid of formula I-c:
RS R’
p
CHEY e

or a pharmaceutically acceptable salt thereof, wherein:

p is an integer of between 1 and 9, inclusive;

each instance of R2 is independently hydrogen or optionally substituted Ci each
instance of R6 and R7 is independently a group of the formula (i), (ii), or (iii);
Formulae (i), (ii), and (iii) are:

R R! XR:
R} YRP >—< ]
_5\:{“‘ -4 o 0 5 _,fR

R , R , Or
wherein: each instance of R' is independently hydrogen or optionally substituted
alkyl;
X is O, S, or NRX, wherein Rx is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,

- 432 -



mRNA #HAl E58A Hiur ee

optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

Y is O, S, or NRY, wherein RY is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

RP is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally  substituted alkynyl, optionally substituted carbocyclyl, optionally
substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, an oxygen protecting group when attached to an oxygen atom, a
sulfur protecting group when attached to a sulfur atom, or a nitrogen protecting
group when attached to a nitrogen atom; and

RL is optionally substituted Ci_50 alkyl, optionally substituted C2_50 alkenyl,
optionally substituted C2_50 alkynyl, optionally substituted heteroCi_50 alkyl,
optionally substituted heteroC2_50 alkenyl, optionally substituted heteroC2_50
alkynyl, or a polymer.

KR10-1988552 (&1 ¥ 2019-09-25)

81 38

gedt MEEX RE=H (CFIR) HHE=
RNA (mRNA)E HMESH7| et ZEEEAN

T ojo OHtEoE 8IS AL

I-c
AlE:
pE 1 WX 9(& 25 ZEgHe| =0/,
Zt 4RO R*2 SEHOZE 4 L5 YOIZE X|BHEl ¢ YZO|L;
Zt ARl R Bl R'2 EEEHOZ A (i), (i), =& ()9 7|0|1;
AL @), (i), R (i) st7(0|
R' R XRL
Rk _)—YRP
_§?<\ s 4 o) _/RL
L] IR' —
R 5 R . EE g
(i) (ii) (ii1)
A E
2t BR9 R2 SEHECRE 4 EE= Qo2 X|gHEl ¢Zo|d,
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Biodegradable lipids for delivery of nucleic acids
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FQ EF cationic lipid 22 29, d&2dd X&
The present invention provides, in part, a biodegradable compound of formula |,
and sub- formulas thereof: Formula (I) or a pharmaceutically acceptable salt
thereof, where each X independently is O or S, each Y independently is O or S,
Qor and each R1 independently is defined herein; and a liposome composition
B comprising the cationic lipid of formula | or a sub-formula thereof, and methods
of delivering agents, such as nucleic acids including mRNA, in vivo, by
administering to a subject the liposome comprising the cationic lipid of formula |
or a sub-formula thereof, where the agent is encapsulated within the liposome.
1. A compound according to formula I:
R
X
Y Y
X
R’ I
or a pharmaceutically acceptable salt thereof,
wherein:
each instance of X is independently O or S;
each instance of Y is independently O or S;
RS
/!
LN,
each instance of R1 is a group of formula (iv): R,
eEdTY L is an optionally substituted alkylene, optionally substituted alkenylene,

optionally substituted alkynylene, optionally substituted heteroalkylene, optionally
substituted heteroalkenylene, optionally substituted heteroalkynylene, optionally
substituted carbocyclylene, optionally substituted heterocyclylene, optionally
substituted arylene, or optionally substituted heteroarylene, or combination
thereof, and

each instance of R6 and R7 is a group of formula (i), (i) or (iii); formulae (i),

& Ry XR-
RQ—Y'RP 4 5 RL
= I
(ii), and (iii) are: Gy (i) )

5

each instance of R' is independently hydrogen or optionally substituted alkyl;
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X' is O or S, or NRX;

RX is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally  substituted alkynyl, optionally substituted carbocyclyl, optionally
substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

Y'is O, S, or NRY;

RY is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally  substituted alkynyl, optionally substituted carbocyclyl, optionally
substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

RP is hydrogen, optionally substituted alkyl, optionally substituted alkenyl,
optionally  substituted alkynyl, optionally substituted carbocyclyl, optionally
substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, an oxygen protecting group when attached to an oxygen atom, a
sulfur protecting group when attached to a sulfur atom, or a nitrogen protecting
group when attached to a nitrogen atom; and

RL is optionally substituted C1-50 alkyl, optionally substituted C2-50 alkenyl,
optionally substituted C2-50 alkynyl, optionally substituted heteroC1-50 alkyl,
optionally substituted heteroC2-50 alkenyl, optionally substituted heteroC2-50
alkynyl, or a polymer.
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Provided, in part, is a composition comprising one or more chemical entities of
formula |, each of which is a compound of formula (I):a pharmaceutically
acceptable salt thereof, a solvate thereof, or a solvate of a pharmaceutically
acceptable salt thereof, the composition characterized in that greater than a first
threshold amount of the total amount of chemical entities of formula | in the
composition: are chemical entities of formula la, wherein the first threshold
amount is 50%; or are chemical entities of formula 1.b.1, wherein the first
threshold amount is 25%; or are chemical entities of formula 1.b.2, wherein the
first threshold amount is 25%, wherein the chemical entities of formula la, 1.b.1,
and Lb.2, are described herein, and methods of using such compositions, for
example, for the delivery of a polynucleotide in vivo.

1. A composition comprising one or more chemical entities of formula |, each of

which is a compound of formula I:
(CHz2)oCH3

A .
/[N\/\/\l)LNH
(CHEJQCHBHNLI/I\/\/\N/\I/(CHﬂgCHa

HO OH

HO
HO
(CHz)gCH3

a pharmaceutically acceptable salt thereof, a solvate thereof, or a solvate of a
pharmaceutically acceptable salt thereof,
the composition characterized in that greater than a first threshold amount of
the total amount of chemical entities of formula | in the composition:
are chemical entities of formula La:

(CH2)sCH;

HO O

HN y (CH2)gCH
HO™ ™(CH2)sCHs \ﬂ) NN
0 Ho\l) OH

(CH2)eCH3

wherein the first threshold amount is 50%; or chemical entities of formula l.b.l :
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(CH2)gCH3
HO 0
/[N\/\AHLNH
o (CHQJQCHSHN\")\/\/\NI\I/(CHQ)QCHS
o HO OH

(CHz)gCH3

wherein the first threshold amount is 25%; or are chemical entities of formula
Lb.2:

(CHz)sCH3
HO 0
N, NH
HN o CH;)qCH
HO (CH,)CHs \n) ,N\N/\r( 2)9CHa
o] HO OH

(CH2)eCH3

wherein the first threshold amount is 25%.
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The present invention provides an improved process for lipid nanoparticle
formulation and mRNA encapsulation. In some embodiments, the present
invention provides a process of encapsulating messenger RNA (mRNA) in lipid

QOoF
B nanoparticles comprising a step of mixing a mRNA solution and a lipid solution,
wherein the mRNA solution and/or the lipid solution are at a pre-determined
temperature greater than ambient temperature.
1. A process of encapsulating messenger RNA (mRNA) in lipid nanoparticles
L comprising a step of mixing a mMRNA solution and a lipid solution, wherein the
CHEA s prising Y 9 p

MRNA solution and/or the lipid solution are at a pre-determined temperature
greater than ambient temperature.
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The present invention provides, among other things, compositions and methods
of formulating nucleic acid-containing nanoparticles comprising no more than
three distinct lipids components, one distinct lipid component being a
sterol-based cationic lipid. In some embodiments, the present invention provides
compositions and methods in which the lipid nanoparticles further comprise
helper lipids and PEG-modified lipids. The resulting formulation comprises a high
encapsulation percentage for nucleic acids.

1. A method of delivering nucleic acids in vivo comprising administering by
pulmonary delivery to a subject in need of delivery a composition comprising:
nucleic acids; and

lipid nanoparticles encapsulating the nucleic acids, wherein each individual lipid
nanoparticle comprises no more than three distinct lipid components, one distinct
lipid component being a sterol-based cationic lipid.
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M 2016-11-10
SME 2018-05-17 CHE mj2e| £8 US2018/0153822
sl TRANSLATE BIO (US)
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The present invention provides an improved process for lipid nanoparticle
formulation and mRNA encapsulation. In some embodiments, the present

telel; invention provides a process of encapsulating messenger RNA (mRNA) in lipid
nanoparticles comprising a step of mixing a solution of pre-formed lipid
nanoparticles and mRNA.

1. A process of encapsulating messenger RNA (mRNA) in lipid nanoparticles
comprising:

mixing a solution comprising pre-formed lipid nanoparticles and mRNA such that
lipid nanoparticles encapsulating mRNA are formed.
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Disclosed are dendritic anionic lipids which are compounds of Formula (I)
wherein R and R1 are non-polar groups, L is a linking moiety, and Dm is a
dendritic moiety of m generations, each as defined herein. These dendritic anionic
lipids are useful for delivery and expression of m RNA and encoded protein, e.g.,
as a component of liposomal delivery vehicle, and accordingly can be useful for
treating various diseases, disorders and conditions, such as those associated with
deficiency of one or more proteins.

1. A compound of formula | :

R
HO/T\ L—Dm

R1”
wherein:
each of R and R1 independently comprise one or more non-polar groups
selected from cholesterol, optionally substituted C8-C26 aliphatic or optionally
substituted C8-C26 acyl;
L is —X—, —X—R2—X— or —X—R2—R2c—R2—X—, wherein:
each instance of R2 independently is optionally substituted C1-C10 aliphatic;
each instance of X independently is —O—, —C(0)—, —S(0)2—, —C(0)—O0—,
—O0—C(O)—, —C(O)—N(R3)—, —N(R3)—C(O)—, —O—C(O)—N(R3)—,
—N(R3)—C(0)—O0—, —N(R3)—C(O)—N(R3)—, —SS—, or —S;
each instance of R3 independently is —H or C1-4 alkyl;
R2c is a polyethylene glycol linker having a weight average molecular weight of
from 350 Da to 45 kDag;
Dm is a dendritic moiety of m generations, comprising 2m-1 molecular units of

g~ A
formula kN and 2m molecular units of formula ko

m is an integer from 1 to 6; in each generation independently, one dfj and k is
1 and the other is 0 or 1; and A is —OH or a pharmaceutically acceptable anion.
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Ribose cationic lipids
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=Q EX ribose cationic lipid 22 %Y

Disclosed are cationic lipids which are compounds of Formula (I'). Cationic lipids
provided herein can be useful for delivery and expression of mRNA and encoded

29 protein, e.g., as a component of liposomal delivery vehicle, and accordingly can
be useful for treating various diseases, disorders and conditions, such as those
associated with deficiency of one or more proteins.

1. A cationic lipid having a structure according to Formula (I'),

B—L*-L%-0
Kjiz,o—ﬁx
o 0O
/ A
RI-L2 =R (1)

wherein

Rx is independently -H, -LAR1, or -L5A-L5B-B’;

each of L1, L2, and L3 is independently a covalent bond, -C(O)-, -C(0)0-, -C(0)S-,
or - C(O)NRI-;

each L4A and L5A is independently -C(O)-, -C(0)0-, or -C(O)NRL-;

each L4B and L5B is independently C1-C20 alkylene; C2-C20 alkenylene; or
C2-C20 alkynylene; each B and B' is NR4R5 a 5- to 10-membered
nitrogen-containing heterocyclyl, or a 5- to 10-membered nitrogen-containing
heteroaryl;

each R1, R2, and R3 is independently C6-C30 alkyl, C6-C30 alkenyl, or C6-C30
alkynyl;

each R4 and R5 is independently hydrogen, C1-C10 alkyl; C2-C10 alkenyl; or
C2-C10 alkynyl; or R4 and R5 combine to form a 5- to 10-membered heterocyclyl
or a 5- to 10-membered heteroaryl; and

each RL is independently hydrogen, C1-C20 alkyl, C2-C20 alkenyl, or C2-C20
alkynyl.
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Disclosed are cationic lipids which are compounds of Formula (I), (1), (Il), (IV), (V),
or (VI). Cationic lipids provided herein can be useful for delivery and expression
of mRNA and encoded protein, e.g, as a component of liposomal delivery
vehicle, and accordingly can be useful for treating various diseases, disorders and
conditions, such as those associated with deficiency of one or more proteins.

1. A cationic lipid having a structure according to Formula (I),

RB“XB\ELB
S
XB1 )b A1
R! % S"Lﬁ\xaz”'RAm

wherein
R1 is hydrogen, C6-C30 alkyl, C6-C30 alkenyl, or C6-C30 alkynyl, or Substructure
Y;
each a and b is an integer of 0-6;
each XA1 and XB1 is independently O or S;
each LA and LB is independently C1-C10 alkylene; C2-C10 alkenylene; or C2-C10
alkynylene; XA2 is independently NH, NRA, CH2, or CHRA;
XB2 is independently NH, NRB, CH2, or CHRB;
each RA and RB is independently C6-C30 alkyl, C6-C30 alkenyl, or C6-C30
alkynyl; and

A2

B2
SxLB—'x ~ RB

Substructure Y is XB1
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phosphoester cationic lipid Zg 2[ZF Y H, one or more cationic lipids, one or
more non-cationic lipids, one or more cholesterol- based lipids and one or more
PEG-modified lipids, cationic lipid 27

Cationic lipids provided herein can be useful for delivery and expression of mRNA
and encoded protein, e.g, as a component of liposomal delivery vehicle, and
accordingly can be useful for treating various diseases, disorders and conditions,
such as those associated with deficiency of one or more proteins.

1. A liposome encapsulating an mRNA encoding a protein wherein the liposome
comprises one or more cationic lipids, one or more non-cationic lipids, one or
more cholesterol- based lipids and one or more PEG-modified lipids, wherein at
least one cationic lipid is a cationic lipid having a structure according to Formula
(I:

R"sz I?s
Oxp-X°

wherein

L1 is a covalent bond, C1-C10 alkylene, C2-C10 alkenylene, or C2-C10 alkynylene;
X1 is CH3, (I, ORa, C(=Xla)Rxla, NRbRc, or 5- or 6-membered
nitrogen-containing heteroaryl;

X2, X3, X4, and X5 are each independently CH2, O, or NRd;

R1 is H, Cl, ORf, NRgRh, C1-C10 alkyl, C2-C10 alkenyl, or C2-C10 alkynyl;

R2, R3, R4, and R5 are each independently H, Ci-C30-alkyl, C2-C3o0-alkenyl,
C2-C3o0-alkynyl, hetero-Ci-C30-alkyl, hetero-Ci-C30-alkenyl, hetero-Ci-C30-alkynyl, a
polymer, C3-C6- cycloalkyl, 5- or 6-membered heterocycloalkyl, 5- or 6-membered
aryl, or 5- or 6- membered heteroaryl;

Ra, Rd, and Rf are each independently H, Ci-C6-alkyl, Ci-C6-alkoxy,
C3-C6-cycloalkyl, C2-Cé- alkenyl, or C2-Cé6-alkynyl;

Rb and Rc are each independently H, Ci-C6-alkyl, Ci-C6-alkoxy, C3-C6-cycloalkyl,
C2-C6-alkenyl, or C2-C6-alkynyl; or

Rb and Rc, together with the nitrogen atom through which they are connected,
form a saturated or unsaturated 5- to 6-membered heterocyclic ring;
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Rg and Rh are each independently H, Ci-C6-alkyl, Ci-C6-alkoxy, C3-C6-cycloalkyl,
C2-C6- alkenyl, or C2-C6-alkynyl; or

Rg and Rh, together with the nitrogen atom through which they are connected,
form a saturated or unsaturated 5- to 6-membered heterocyclic ring;

Rxla is OH or ORa; and

Xla is O or S;
provided that at least one of R2, R3, R4, and R5 is C6-C30-alkyl, C6-C30-alkenyl,
C6-C30-alkynyl, hetero-C6-C3o0-alkyl, hetero-C6-C30-alkenyl, or

hetero-C6-C30-alkynyl.
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Disclosed are cationic lipids which are compounds of Formula I. Cationic lipids
provided herein can be useful for delivery and expression of mRNA and encoded
29 protein, e.g., as a component of liposomal delivery vehicle, and accordingly can
be useful for treating various diseases, disorders and conditions, such as those

associated with deficiency of one or more proteins.

1. A cationic lipid having a structure according to Formula (I):
R2

SR O

e
wherein

R1 and R2 are each independently Ci-C30-alkyl, C2-C3o0-alkenyl, C2-C3o0-alkynyl,
hetero-Ci-C30- alkyl, hetero-Ci-C30-alkenyl, hetero-Ci-C30-alkynyl, a polymer,
C5-C6-cycloalkyl, 5- to 6-membered heterocycloalkyl, Cs-C6-aryl, or 5- to

X "R!

6-membered heteroaryl;

X1 and X2 are each independently H, OH, ORa, or NRbRg;

L1 is Ci-Cio alkylene; C2-Cio alkenylene; or C2-Cio alkynylene;

X3 is CH2, 0, S, NH, or NRd;

X4 'is O or §;

Ra and Rd are each independently Ci-C6-alkyl, Ci-C6-alkoxy, C3-C6-cycloalkyl,
C2-C6-alkenyl, or C2-C6-alkynyl;

Rb and Rc are each independently H, Ci-C6-alkyl, Ci-C6-alkoxy, C3-C6-cycloalkyl,
C2-C6- alkenyl, or C2-C6-alkynyl; or

Rb and Rc, together with the nitrogen atom through which they are connected,
form a saturated or unsaturated 5- to 6-membered heterocyclic ring; and

iml
Hl
ot
-
oot

@ is a naturally occurring or non-naturally occurring sterol.
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The present invention provides an improved process for lipid nanoparticle
formulation and mRNA encapsulation. In some embodiments, the present

Qer invention provides a process of encapsulating messenger RNA (mRNA) in lipid
nanoparticles comprising a step of mixing a solution of pre-formed lipid
nanoparticles and mRNA at a low concentration.

1. A process of encapsulating messenger RNA (mRNA) in lipid nanoparticles
comprising:

mixing a solution comprising pre-formed lipid nanoparticles and mRNA such that
lipid nanoparticles encapsulating mRNA are formed,

wherein the pre-formed lipid nanoparticles and/or the mRNA are present in the
solution at a concentration of no greater than 0.5 mg/ml.
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The present invention provides, among other things, a process of encapsulating
messenger RNA (mRNA) in liposomes comprising a. providing a first stream
comprising an mRNA solution at a first controlled flow rate, b. providing a

29 second stream comprising a lipid solution at a second controlled flow rate, and c.
mixing the first stream and the second stream to form mRNA-encapsulated
liposomes, wherein the first controlled flow rate and the second controlled flow
rate are achieved without use of a pump.

1. A process of encapsulating messenger RNA (mRNA) in liposomes comprising

a. providing a first stream comprising an mRNA solution at a first controlled flow

rate,

b. providing a second stream comprising a lipid solution at a second controlled
CHEH Y flow rate, and

c. mixing the first stream and the second stream to form mRNA-encapsulated

liposomes,

wherein the first controlled flow rate and the second controlled flow rate are

achieved without use of a pump.

- 451 -



4,

T
o
)
ot
SE
)
)
2
[>
r (
oldt
M
1%

00 2 mRNA WAle 3l Fa 5324, A4 &

4025 WO2020/097376 | 4 lipid HE |

Multi—PEG lipid compounds

P 2018-11-09
S 2020-05-14 e YUz E3
=@l TRANSLATE BIO (US)
v ex  EIES MY ABEE PEG-lpid 23 ¥, £ 014, PEGS EABI, T4y,
T 244 BO|OE|E ZE X
The compounds disclosed herein (e.g, compounds of Formula (1), (Il), (Ill), and
(IV)) comprise a lipid substructure comprising a hydrophobic moiety and a
hydrophilic moiety; and two or more polymeric groups (e.g, two or more
Qo polyethylene glycol (PEG) groups). The compounds provided herein can be useful
B for delivery and expression of mRNA and encoded protein, e.g., as a component
of liposomal delivery vehicle, and accordingly can be useful for treating various
diseases, disorders and conditions, such as those associated with deficiency of
one or more proteins.
HEE s 1. A compound comprising a lipid substructure comprising a hydrophobic moiety
o o

and a hydrophilic moiety; and two or more polymeric groups.
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The compounds disclosed herein (e.g., compounds having a structure according to
Formula (I/ (1)/ ()/ (IV), and (V)) are polymers wherein an organic polymeric
segment (e.g., a polyethylene glycol (PEG) group) comprises covalent attachments
to two or more lipid substructures, and each lipid substructure independently

29 comprises a hydrophobic moiety and a hydrophilic moiety. The compounds

provided herein can be useful for delivery and expression of mRNA and encoded
protein, e.g., as a component of liposomal delivery vehicle, and accordingly can
be useful for treating various diseases, disorders and conditions, such as those
associated with deficiency of one or more proteins.

1. A polymer, wherein

an organic polymeric segment comprises covalent attachments to two or more
HEETE lipid substructures and

each lipid substructure independently comprises a hydrophobic moiety and a

hydrophilic moiety.
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2,5—dioxopiperazine lipids with intercalated ester, thioester, disulfide and
anhydride moieities
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The present invention provides, in part, cyclic amino acid lipid compounds of
formula (A"), and sub-formulas thereof or a pharmaceutically acceptable salt
thereof. The compounds provided herein can be useful for delivery and
expression of mRNA and encoded protein, e.g, as a component of liposomal
delivery vehicle, and accordingly can be useful for treating various diseases,
disorders and conditions, such as those associated with deficiency of one or more
proteins.

1. A cationic lipid having the following structure:

3
R R* o

) ,
KJ,LHU_AMN/R g
R

R? R? B R ()
or a pharmaceutically acceptable salt thereof, wherein
each R1 and R2 is independently H or C1-C6 aliphatic;
each m is independently an integer having a value of 1 to 4;
each A is independently a covalent bond or arylene;
each L1 is independently an ester, thioester, disulfide, or anhydride group;
each L2 is independently C2-C10 aliphatic;
each B is independently -CHX1- or -CH2CO2-;
each X1 is independently H or OH; and
each R3 is independently C6-C30 aliphatic.

- 454 -



4028 WO2020/106903 | 4 lipid HE |

Cationic lipid compounds and compositions thereof for use in the delivery of
messenger RNA

MY 2018-11-21
S 2020-05-28 OE {1z E3
=¢l0l TRANSLATE BIO (US)

=g EX cationic lipid 28 2
The compounds disclosed herein compound of Formula (l), substructures thereof,
and pharmaceutically acceptable salts thereof. The compounds provided herein
Qo can be useful for delivery and expression of mMRNA and encoded protein, e.g., as
a component of liposomal delivery vehicle, and accordingly can be useful for
treating various diseases, disorders and conditions, such as those associated with
deficiency of one or more proteins.
1. A cationic lipid having a structure according to Formula (I):
L', ~{CHaln
(CHp)p A o
HO
(CHalm_ A R*
ST T(CHy)Y (),
EA LS wherein:

each L1 is independently C -Ci -alkenylene;

each A1 is independently a linker group that is a covalent bond, O, S, N H, S-S,
an amide, an ester, a thioester, or an anhydride group;

each R1 is an ionizable nitrogen-containing group;

each m is independently an integer of 6 to 20; and

each n is independently an integer of 1 to 6.
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The present invention provides, in part cystine cationic lipid compounds of
formula A, and sub-formulas thereof: or a pharmaceutically acceptable salt thereof.
The compounds provided herein can be useful for delivery and expression of
mRNA and encoded protein, e.g., as a component of liposomal delivery vehicle,
and accordingly can be wuseful for treating various diseases, disorders and
conditions, such as those associated with deficiency of one or more proteins.

1. A cationic lipid having the following structure:

4 RE’N,,R”’
FE?.H — O
0)\1};’{"}; S “ﬁf*g’ R?
R R (A,

or a pharmaceutically acceptable salt thereof,

wherein

each Rla is independently hydrogen, Rlc, or Rid;

each Rlb is independently Rlc or Rld;

each Ric is independently -{O-12)2C(0)X3R3;

each RId Is independently -C(0)R4;

each R2 is independently -[C(R2aj2]cR2b;

each R2a is independently hydrogen or Ci-C6 alkyl;

R2b is -N(Li-B)2/ -iOCH2CH )i OH; or -{OCH2CH2)t,OCH3;
each R3 and R4 is independently C6-C30 aliphatic;

each 1.3 is independently C1-C10 alkylene;

each B is independently hydrogen or an ionizable nitrogen-containing group;
each X1 is independently a covalent bond or O;

each a is independently an integer of 1-10;

each b is independently an integer of 1-10; and

each c is independently an integer of 1-10.
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The present invention provides, in part, thioester cationic lipid compounds of
formula A, and sub-formulas thereof: or a pharmaceutically acceptable salt thereof.
The compounds provided herein can be useful for delivery and expression of
mRNA and encoded protein, e.g., as a component of liposomal delivery vehicle,
and accordingly can be wuseful for treating various diseases, disorders and
conditions, such as those associated with deficiency of one or more proteins.

1. A cationic lipid having the following structure:

OH .
o Hilxl/ R

i
R ™ 5
ﬂf.@f N smL‘%sJ‘V‘H’:N"
i/ ‘n \ﬁr ' L gt
o a5

RO 1
OH  (a),
or a pharmaceutically acceptable salt thereof, wherein
EdT+e each R1 is independently C6-C30 aliphatic;
L1 is independently -{CR2aR2b)a- -(CH2CH2S)bCH2CH2-, or

-CH2CH2(OCH2CH2)c-;

each R2a and R2b is independently hydrogen or Ci-Ce alkyl;
each n is independently an integer of 0-12;

each a is independently an integer of 1-12;

each b is independently an integer of 1-11; and

each c is independently an integer of 1-11.
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The present invention provides, in part, di-thioester cationic lipid compounds or a
pharmaceutically acceptable salt thereof. The compounds provided herein can be
useful for delivery and expression of mRNA and encoded protein, eg., as a

QOoF
B component of liposomal delivery vehicle, and accordingly can be useful for
treating various diseases, disorders and conditions, such as those associated with
deficiency of one or more proteins.
1. A cationic lipid having the following structure:
C}I-q O R
Rdﬁ j\’-}\‘r
- w\sfi\p& L w
R o (A,
YR

or a pharmaceutically acceptable salt thereof, wherein

Substructure A is 3-9-membered heterocyclyl, C3-C6 cycloalkyl, 5-10-membered
heteroaryl, or C6-C10 aryl;

each R1 is independently C6-C30 aliphatic;

each m is independently an integer of 0-6; and

each n is independently an integer of 1-12.
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The present invention provides an improved process for lipid nanoparticle
formulation and mRNA encapsulation. In some embodiments, the present
8 of invention provides a process for enhanced encapsulation of messenger RNA
(MRNA) in lipid nanoparticles comprising a step of heating the
mRNA-encapsulated lipid nanoparticles m a drug product formulation solution.

1. A process of encapsulating messenger RNA (mRNA) in lipid nanoparticles
(LNPs) comprising the steps of:
(@) mixing one or more lipids in a lipid solution with one or more mRNAs in an
mMRNA solution to form mRNA encapsulated within the LNPs (mRNA-LNPs) in a
lipid nanoparticle (LNP) formation solution;

HEHTE  (b) exchanging the LNP formation solution for a drug product formulation
solution to provide mRNA-LNP in a drug product formulation solution; and
(c) heating the mRNA-LNP in the drug product formulation solution;
wherein the encapsulation efficiency of the mRNA-LNPs resulting from step (c) is
greater than the encapsulation efficiency of the mRNA-LNPs resulting from step

(b).
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Disclosed are cationic lipids which are compounds of Formula I. Cationic lipids
provided herein can be useful for delivery and expression of mRNA and encoded

29 protein, e.g., as a component of liposomal delivery vehicle, and accordingly can
be useful for treating various diseases, disorders and conditions, such as those
associated with deficiency of one or more proteins.

1. A cationic lipid having a structure according to Formula (l):

1 1
R\LL'A{ X .
LE--XS L8
T
wherein
R1 and R2 are each an ionizable nitrogen-containing group;
A1 and A2 are each independently are each independently Ci-Cio alkyl; C2-Ci0O
alkenyl; C2-Ci0 alkynyl; C -C alkenyl, hetero-Ci-Cio alkyl; hetero- -Cio alkenyl;
hetero-G-Cio alkynyl; Cs-Ce- cycloalkyl, 5- to 6-membered heterocycloalkyl, 5-- to
CHEXN LS 6-membered aryl, or 5- to 6-membered heteroaryl;
L1 and L2 are each independently C6-Ci0 alkylene; C6--Cio alkenylene; or Ce-Cio
alkynylene;
L3, L4, L5, and L6 are each independently Cg-Cio alkylene; C6-C-.0 alkenylene; or
Cr-Cio alkynylene;
X1 and X3 are each independently O, S, Ra, or CRbRc
X2 and X4 are each independently O or S;
Ra is H, C -Cg-alkyl, Ci-Ce-alkoxy, Crr-Ce-cycloaikyl, C2-Ce-alkenyl, or
C2-C6-alkynyl; and
Rb and Rc are each independently H, Ci-Cs-alky!, Ci-Cs-aikoxy, C -Ce-cycloalkyl,
Cj-Ce-alkenyl, or C2- Ce-alkynyl; or
Rb and Rc, together with the carbon atom through which they are connected,
form a saturated or unsaturated 5- to 6-membered cycioalkyi ring.
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Disclosed are lipids which are compounds of Formula I. Lipids provided herein
can be useful for delivery and expression of mMRNA and encoded protein, e.g., as
29f a component of liposomal delivery vehicle, and accordingly can be useful for
treating various diseases, disorders and conditions, such as those associated with

deficiency of one or more proteins.

A liposome encapsulating an mRNA encoding a protein wherein the liposome
comprises a cationic lipid having a structure according to Formula (I):

R3
Ho)\
N""--L1_K1
ChEY T /[
HO™ “R? (1),

or a pharmaceutically acceptable salt thereof, wherein

L1 is independently C2-C10 alkylene, C4-C10 alkenylene, or C4-C10 alkynylene;
X1 is independently OR1, SR1, or N(R1)2;

each R1 is independently H or unsubstituted Ci-C6 alkyl; and

each R2 and R3 is independently C6-C30-alkyl, C6-C30-alkenyl, or C6-C30-alkynyl.
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Disclosed are cationic lipids which are compounds of Formula (A). Cationic lipids
provided herein can be useful for delivery and expression of mRNA and encoded

29 protein, e.g., as a component of liposomal delivery vehicle, and accordingly can
be useful for treating various diseases, disorders and conditions, such as those
associated with deficiency of one or more proteins.

1. A cationic lipid having a structure according to Formula (A):

OY x%ERs

XSA
0 ) 0
4
R&. xzaJJ\sz ~ 5 5 XMJ'k de"R
1A
/X
x‘]B
|1
R (A),

or a pharmaceutically acceptable salt thereof, wherein

each n is independently 0 or 1;

X1A is independently O or NR1A; R1A is H or Ci-C6 alkyl;

X1B is a covalent bond, C(O), CH2CO2, or CH2C(0);

one of X2A and X2B is O and the other is a covalent bond;

one of X3A and X3B is O and the other is a covalent bond;

one of X4A and X4B is O and the other is a covalent bond;

R1 is independently LAB1, C6-C30 alkyl, C6-C30 alkenyl, or C6-C30 alkynyl;

R2 is independently L2-B2, C6-C30 alkyl, C6-C30 alkenyl, or C6-C30 alkynyl;

R3 is independently L3-B3, C6-C30 alkyl, C6-C30 alkenyl, or C6-C30 alkynyl;

R4 is independently L4-B4, C6-C30 alkyl, C6-C30 alkenyl, or C6-C30 alkynyl;

L1, L2, L3, and L4 are each independently C1-C30 alkylene; C2-C30 alkenylene; or
C2-C30 alkynylene;

each of B1, B2, B3, and B4 is independently an ionizable nitrogen-containing

group, and
wherein the cationic lipid comprises at least one ionizable nitrogen-containing
group.
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The present invention provides an improved lipid nanoparticle formulation
encapsulating mRNA comprising DEPE as a helper lipid.

1. A lipid nanoparticle for the delivery of mRNA to a subject in need thereof, the
lipid nanoparticle comprising one or more cationic lipids, one or more
HEE T+  PEG-modified lipids and one or more helper lipids encapsulating the mRNA,
wherein the one or more helper lipids comprises
1,2-Dierucoyl-sn-glycero-3-phosphoethanolamine (DEPE).
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The present invention provides an improved compositions and processes for
preparing mRNA-loaded lipid nanoparticles (mRNA-LNPs). In some embodiments,
the present invention provides mMmRNA-LNPs with exceptional stability and is
particularly useful in cases where LNPs comprising low or no PEG-modified lipids
are desired.

1. A stable composition comprising lipid nanoparticles encapsulating messenger
RNA mRNA, wherein the mRNA encodes a protein or a peptide, wherein each of
the lipid nanoparticles comprises one or more cationic lipids, one or more
non-cationic lipids and less than 0.5% of PEG-modified lipids or PEG, and wherein
the lipid nanoparticles encapsulating the mRNA are stable following one or more
freeze thaws.
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Improved processes of preparing mRNA—loaded lipid nanoparticles
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The present invention provides an improved process for lipid nanoparticle
formulation and mRNA encapsulation. In some embodiments, the present
29f invention provides a process of encapsulating messenger RNA (mRNA) in lipid
nanoparticles comprising a step of mixing a suspension of preformed lipid
nanoparticles and mRNA.
1. A process of encapsulating messenger RNA (mRNA) in preformed empty lipid
nanoparticles (LNPs), wherein the lipid component of the LNPs comprises or
consists of a cationic lipid, a non-cationic lipid, a PEG-modified lipid, and
optionally cholesterol and said process comprises the following steps:
HEA TS (@) adding a first volume of a solution comprising the mRNA to a suspension

comprising the preformed empty LNPs such that a mixture comprising LNPs
encapsulating the mRNA is formed;
(b) adding one or more additional volumes of the solution comprising the mRNA
to the mixture obtained in the preceding step until a desired molar ratio of
cationic lipid to mRNA is achieved.
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Improved process of preparing mRNA—loaded lipid nanopatrticles
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The present invention provides an improved process for lipid nanoparticle
formulation and mRNA encapsulation. In some embodiments, the present
Qor invention provides a process of encapsulating messenger RNA (mRNA) in lipid
B nanoparticles comprising a step of combining a solution of preformed lipid
nanoparticles with lipid nanoparticles encapsulating mRNA, resulting in a
composition of increased potency of mRNA encoded protein expression in vivo.
1. A method of manufacturing a composition comprising lipid nanoparticles
encapsulating mRNA (mRNA-LNPs), the method comprising
HEE S (@) mixing preformed empty lipid nanoparticles (LNPs) with  mRNA under
o o

conditions that allow formation of mRNA-LNPs;
(b) combining the mRNA-LNPs formed in step (a) with preformed LNPs, resulting
in the composition comprising mMRNA-LNPs.
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Limit size lipid nanoparticles and related methods
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Various lipid nanoparticles are disclosed, including nanoparticles comprising a lipid
bilayer comprising a phospholipid, a sterol, a polyethylene glycol-lipid surrounding
an aqueous core which comprises a therapeutic and/or diagnostic agent and
nanoparticles comprising a lipid monolayer surrounding a hydrophobic core. Of

QOoF
- particular interest are limit size lipid nanoparticles with a diameter from 10-100
nm. Such lipid nanoparticles are the smallest particles possible for a specific
particle composition. Methods and apparatus for preparing such limit size lipid
nanoparticles are disclosed.
N 1. A limit size lipid nanoparticle wherein the lipid nanoparticle has a diameter
HETY P P P P

from about 10 to about 100 nm.
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Device for formulating particles at small volumes
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=8 E4 Device for formulating particles
29f Methods and devices for making particles at small volumes.

1. A method for making particles, comprising:

(@) introducing a first stream comprising a first solvent into a channel; wherein

the channel has a first region adapted for flowing one or more streams

introduced into the channel and a second region for mixing the contents of the

one or more streams; and wherein the first solvent comprises a therapeutic

material and optionally one or more particle-forming materials;

(b) introducing a second stream comprising one or more particle- forming

materials and optionally a therapeutic material in a second solvent into the
CHEXE S channel to provide first and second streams and wherein the first and second

solvents are not the same;

(c) flowing the one or more first streams and the one or more second streams

from the first region of the channel into the second region of the channel such

that the one or more first streams and the one or more second streams arrive at

the second region for mixing at substantially the same time; and

(d) mixing the contents of the one or more first streams and the one or more

second streams in the second region of the channel to provide a third stream

comprising particles.
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Lipid nanoparticles and formulations thereof for CAR mRNA delivery

M 2019-10-18
S/HE 2021-04-22 e ez £
=/ UPENN (US)
FQ EZ LNP, cationic lipid 38, RNAE CAR ZLE £+ US

The present invention relates to lipid nanoparticles (LNP) or compositions thereof
for delivery of mRNA molecules encoding CAR, nucleic acid molecule, and/or
therapeutic agents to selected targets, such as cells. Thus, in various aspects, the
present invention also provides methods of preventing or treating diseases or
disorders in a subject in need thereof using the said LNPs or compositions

0
12

thereof.

1. A lipid nanoparticle (LNP) comprising at least one mRNA molecule and at least

Ri7
Lg Lg ~
R
L 18
Riga Rign
x

wherein Ai and Ai is independently selected from the group consisting of C, C(H),
N, S, and P;

wherein each Li, L2, L3, L4, Ls, and L6 is independently selected from the group
consisting of C, C(H)2, C(H)(Ri9), O, N(H), and N(Ri9);

wherein each RIl, R2, R3a, R3b, R4a, R4b, Rja, Rib, R6a, R6b, R7a, R7b, R8a, R8b,
R9a, R9b, RIOa, RIOb, Rlla, Rllb, RI2a, RI2b, RI3a, RI3b, Rl4a, Rl4b, RI5a, RI5b, RI6,
RI7, RI8, and Ri9 is independently selected from the group consisting of H,
halogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, -Y(R20)z (R2i)z
-cycloalkyl, substituted - Y(R20)Z'(R21)Z "-cycloalkyl, heterocycloalkyl, substituted
heterocycloalkyl, - Y (R20)Z" (R2 i)z -heterocycloalkyl, substituted-(R20)z (R2i)z -
-heterocycloalkyl, alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl,
-Y(R20)z (R2i)z -cycloalkenyl, substituted -Y(R20)z (R2i)z -cycloalkenyl, alkynyl,
substituted alkynyl,  cycloalkynyl, substituted cycloalkynyl, -Y(R20)z (R2i)z
-cycloalkynyl, substituted -Y(R20)z (R2i)z - cycloalkynyl, aryl, substituted aryl,
-Y(R20)z (R2i)z -aryl, substituted -Y(R20)z (R2i)z - aryl, heteroaryl, substituted
heteroaryl, -Y(R20)z (R2i)z -heteroaryl, substituted - Y(R20)z (R2i)z -heteroaryl,
alkoxycarbonyl, linear alkoxycarbonyl, branched alkoxycarbonyl, amido, amino,
aminoalkyl, aminoalkenyl, aminoalkynyl, aminoaryl, aminoacetate, acyl, hydroxyl,

one compound or salt thereof having the structure of Formula (I)

Rﬂb R‘Ja

Rga Ry Riza Rizp Risa Risp

Ry
"' /M\W/ \WM
LN " M“"‘ .

Rigs Riop  Ruta Rm.
Formula (I),
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hydroxyalkyl,  hydroxyalkenyl,  hydroxyalkynyl,  hydroxyaryl, alkoxy, carboxyl,
carboxylate, ester, -Y(R20)z (R2i)z -ester, -Y(R20)z (R2i)z , =0, -NO2, -CN, and
sulfoxy;

wherein Y is selected from the group consisting of C, N, O, S, and P;

wherein each R20 and R21 is independently selected from the group consisting of
H, halogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
heterocycloalkyl,  substituted heterocycloalkyl, alkenyl,  substituted alkenyl,
cycloalkenyl, substituted cycloalkenyl, alkynyl, substituted alkynyl, cycloalkynyl,
substituted cycloalkynyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
alkoxycarbonyl, linear alkoxycarbonyl, branched alkoxycarbonyl, amido, amino,
aminoalkyl, aminoalkenyl, aminoalkynyl, aminoaryl, aminoacetate, acyl, hydroxyl,
hydroxyalkyl,  hydroxyalkenyl,  hydroxyalkynyl,  hydroxyaryl, alkoxy, carboxyl,
carboxylate, ester, =0, - NO2, -CN, and sulfoxy;

wherein z and z" are each independently an integer represented by 0, 1, or 2;
and

wherein m, n, o, p, g, . s, t U v, w, and x are each independently an integer
represented by O, 1, 2; 3, 4, or 5; and

wherein the mRNA molecule encodes a chimeric antigen receptor (CAR).

- 470 -



501 WO2018/119115 |5 EoigE 0

Methods for ameliorating infusion reactions
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3§l ARBUTUS (CA)
F8 £F infusion A| £2f8 ZtA

Certain embodiments of the invention provide methods of ameliorating an

Qorf
infusion reaction in a mammal in need thereof.
1. A method of ameliorating an infusion reaction associated with intravenous
administration of at least one lipid formulated therapeutic agent in a mammal in
HEH S need thereof, comprising administering to the mammal via injection a

therapeutically effective amount of a nonsteroidal anti-inflammatory (NSAID) prior
to the at least one lipid formulated therapeutic agent being intravenously

administered.
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Stabilised formulations of RNA
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T2 ST ZTZEHD, RNA 1-20% 2232 Z3 M, 45 ZHK g

The present invention relates to stable low-salt aqueous formulations of particles
comprising a polycation, preferably protamine, and RNA, which formulations are
preferably isotonic, to pharmaceutical compositions or kits comprising such

QOoF
- formulations and to their use in medicine. It further relates to methods for
preparing the formulations of the invention and to methods for physically
stabilizing particles comprising a polycation, preferably protamine, and RNA.
1. An aqueous formulation comprising:
N - particles comprising a polycation and RNA and
B AL p prising a poly

- a non-electrolyte osmotic agent,
wherein the aqueous formulation comprises less than 50 mM electrolytes.
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Stable formulations of lipids and liposomes

fud 2014-09-25
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=zl BIONTECH (DE)
Fo EF pH ZZH, pH 8td, X|&0| 0|AH, E|[QOME, Oi00|E 2E & =gt

The present invention relates to aqueous lipid and/or liposome formulations with
an increased chemical stability, to methods of preparing such aqueous
formulations as well as to kits comprising them. The present invention further

QOF
B relates to methods of preparing lipid-based pharmaceutical compositions, to

pharmaceutical compositions prepared by such methods and to methods of
chemically stabilizing aqueous lipid and/or liposome formulations.
1. An aqueous formulation comprising
- at least one lipid having one or more bonds selecte from the group consisting
of ester bonds, thioester bonds and amide bonds, and
- at least one pH adjusting agent,
wherein the aqueous formulation has a pH of between 2 and 5.5.
KR10-2264820 (5112 2021-06-14)
11
i . _C|-(97-2 )_sn-2 2 T AZO|EI20LD al

CE A et 0] 1,2-C]-(9Z-SEtE M = oM 2-3-ZAZOEZ0r2 (DOPE) &

1,2-C|-O-2EtH M| E-3-EE|HEY B 52T (DOTMA)S Egdts 2(ZS, U
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Dose determination for immunotherapeutic agents

M 2016-10-25
W02018/077942
S/HE 2018-05-03 OlE D2e| 3 US2020/0191798
KR2019/0073376
=zl BIONTECH (DE)
F2 EFY 2z 43

The present invention relates to methods for determining suitable doses for
administration of immunotherapeutic compounds, whose effectiveness and toxicity

29 can vary at the same dose between individuals due to natural variations within
individual subjects, such as variations in the reaction of the immune system in
response to administration of such immunotherapeutic compounds.

1. A method for determining a suitable dose of an immunotherapeutic agent for
administration to an individual, comprising:

(a) separately contacting multiple different doses of the immunotherapeutic agent
with immune- reactive material of the individual, and

(b) measuring at least one immunological reaction caused by the multiple

different doses of the immunotherapeutic agent.
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RNA particles comprising polysarcosine

P 2018-10-01
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The present disclosure relates to RNA particles for delivery of RNA to target
tissues after administration, in particular after parenteral administration such as
intravenous, intramuscular, subcutaneous or intratumoral administration, and
compositions comprising such RNA particles. The RNA particles in one
of embodiment comprise single-stranded RNA such as mRNA which encodes a
peptide or protein of interest, such as a pharmaceutically active peptide or
protein. The RNA is taken up by cells of a target tissue and the RNA is
translated into the encoded peptide or protein, which may exhibit its physiological
activity.
1. A composition comprising a plurality of RNA particles, wherein each particle
comprises:
I st (i) RNA; and

(i) one or more components which associate with RNA to form RNA particles,
wherein polysarcosine is conjugated to at least one of the one or more
components.
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RNA particles comprising polysarcosine
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The present disclosure relates to RNA particles for delivery of RNA to target
tissues after administration, in particular after parenteral administration such as
intravenous, intramuscular, subcutaneous or intratumoral administration, and
compositions comprising such RNA particles. The RNA particles in one
of embodiment comprise single-stranded RNA such as mRNA which encodes a
peptide or protein of interest, such as a pharmaceutically active peptide or
protein. The RNA is taken up by cells of a target tissue and the RNA is
translated into the encoded peptide or protein, which may exhibit its physiological
activity.
1. A composition comprising a plurality of RNA particles, wherein each particle
comprises:
I st (i) RNA; and

(i) one or more components which associate with RNA to form RNA particles,
wherein polysarcosine is conjugated to at least one of the one or more
components.
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RNA formulations suitable for therapy

M 2019-07-02
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Fa £F RNAS} cationic polymer

The present invention relates to compositions comprising RNA, preferably
messenger RNA (mRNA), more preferably self-amplifying RNA (saRNA), and
polymers, in particular cationic polymers, such as polyethylenimine (PEl),
poly-L-Lysin (PEL), polyvinylamine (PVA) or polyallylamine (PAA), where individual
RNA molecules are present in solution. In the formulations, the RNA is
preferentially present in the form of monomers, dimers, timers or oligomers, but
not as aggregates comprising a large number of RNA molecules per aggregate, in
particular large polyplex nanoparticles. The formulations display improved
transfection efficacy and they can be used for delivery of RNA to a subject,
where they have an improved dose response relationship in comparison to
formulations where large aggregates in the form of polyplex nanoparticles are

present.

1. A composition comprising RNA and a polymer in an aqueous phase, wherein
CHEE 2 the predominant fraction of the RNA molecules comprises individual molecules in

solution.
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RNA formulations suitable for therapy
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The present invention relates to compositions comprising RNA, preferably
messenger RNA (mRNA), more preferably self-amplifying RNA (saRNA), and
polymers, in particular cationic polymers, such as polyethylenimine (PEl),
poly-L-Lysin (PEL), polyvinylamine (PVA) or polyallylamine (PAA), where individual
RNA molecules are present in solution. In the formulations, the RNA is
preferentially present in the form of monomers, dimers, timers or oligomers, but
not as aggregates comprising a large number of RNA molecules per aggregate, in
particular large polyplex nanoparticles. The formulations display improved
transfection efficacy and they can be used for delivery of RNA to a subject,
where they have an improved dose response relationship in comparison to
formulations where large aggregates in the form of polyplex nanoparticles are

present.

1. A composition comprising RNA and a polymer in an aqueous phase, wherein
the predominant fraction of the RNA molecules comprises individual molecules in

solution.
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Method for cellular RNA expression
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=9 EZ RNA-expression, PKR XS{{X| ALE, M7|HE ALE

The present invention relates to enhancing RNA expression in a cell such as a
cell transfected with RNA by reducing the activity of RNA-dependent protein
kinase (PKR). Thus, the present invention provides methods for expressing RNA in

29 a cell comprising the step of reducing the activity of RNA-dependent protein
kinase (PKR) in the cell. Reducing the activity of RNA-dependent protein kinase
(PKR) in the cell increases the stability of RNA and/or increases the expression of
RNA in the cell.

1. A method for providing cells having stem cell characteristics in vitro comprising
the steps

(i) reducing the activity of RNA-dependent protein kinase (PKR) in a cell
population comprising somatic cells,

(i) introducing RNA capable of expressing one or more factors allowing the
reprogramming of the somatic cells to cells having stem cell characteristics into at
least a portion of the somatic cells, and

(iii) allowing the development of cells having stem cell characteristics.
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Formulation for administration of RNA
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RNA, E2(2Z0|2 2gt =d=

The present invention relates to compositions comprising polyplex formulations for
delivery of RNA to a target organ or a target cell after parenteral administration,
in particular after intramuscular administration. More precisely, the present
invention relates to formulations for administration of RNA such as self-replicating
RNA, in particular by intramuscular injection. In more detail, the formulations
comprise polyplex particles from single stranded RNA and a polyalkyleneimine.
The RNA may encode a protein of interest, such as a pharmaceutically active
protein. Furthermore, the present invention relates to pharmaceutical products,
comprising said RNA polyplex formulations for parenteral application to humans
or to animals. The present invention relates as well to manufacturing of such
pharmaceutical products, comprising, optionally, steps of sterile filtration, freezing
and dehydration.

1. A pharmaceutical composition comprising:
(a) single stranded RNA; and
(b) polyalkyleneimine.
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Formulation for administration of RNA
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The present invention relates to compositions comprising polyplex formulations for
delivery of RNA to a target organ or a target cell after parenteral administration,
in particular after intramuscular administration. More precisely, the present

QOoF
B invention relates to formulations for administration of RNA such as self-replicating
RNA, in particular by intramuscular injection. In more detail, the formulations
comprise polyplex particles from single stranded RNA and a polyalkyleneimine.
1. A pharmaceutical composition comprising:
L a) single stranded, self-replicating RNA encoding a peptide or protein
Ch & L8t (a) g p 9 g pep p

comprising an antigen or epitope; and
(b) polyalkyleneimine.
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Localized administration of RNA molecules for therapy
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The present invention relates to local delivery to an organ and/or tissue of an
agent such as a peptide and/or polypeptide, by administration of an RNA
molecule encoding such agent to an afferent blood vessel of the organ and/or

29 tissue. The agent is thus able to provide its biological function, e.g. therapeutic
effect, locally and avoid unwanted systemic effects, including any toxicity observed
when the agent encoded by the RNA and/or the encoding RNA itself is
administered systemically.

1. A method for locally expressing a peptide or polypeptide in an organ or tissue
CHEE T in a subject, comprising administering to an afferent blood vessel of the organ or
tissue an RNA, which RNA encodes a peptide or polypeptide.
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The invention provides a method for the transfer of RNA, especially mRNA, into
cells and into organisms. This method is especially suited for applications in the
field of gene therapy. The RNA is transferred in the form of a complex between
at least one RNA and at least one cationic, especially polycationic, peptide or
protein. Preferably protamine, poly-L-lysine and/or histone is used as cationic
peptide or protein.

1. Method for the transfer of mRNA, particularly into cells, characterized in that
CHEM TS the mRNA is transferred in the form of a complex between at least one mRNA
and at least one cationic, especially polycationic, peptide or protein.
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Optimised injection formulation for RNA
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The invention relates to the use of RNA and an aqueous injection buffer
containing a sodium salt, a calcium salt and optionally a potassium salt and
optionally lactate, in the preparation of a RNA injection solution for increasing
RNA transfer and/or RNA translation into/in a host organism. The invention
relates further to a RNA injection solution and to a method for increasing the
RNA transfer and/or RNA translation of RNA in vivo and in vitro.

1. Use of RNA and of an aqueous injection buffer, a sodium salt of, a calcium
salt and optionally containing a potassium salt, for the production of the RNA
transfer to increase a RNA injection solution and/or of RNA Translation in a/a
host organism.
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Complexes of RNA and cationic peptides for transfection and for
immunostimulation
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The present invention relates to a complexed RNA, comprising at least one RNA
complexed with one or more oligopeptides, wherein the oligopeptide, which has
the function of cell-penetrating peptide (CPP), has a length of 8 to 15 amino
acids and has the empirical formula (Arg)l;(Lys)m;(His)n;(Om)o;(Xaa)x with the
majority of residues being selected from Arg, Lys, His, Om. The invention further

29 relates to a method for transfecting a cell or an organism, thereby applying the
inventive complexed RNA. Additionally, pharmaceutical compositions and kits
comprising the inventive complexed RNA, as well as the use of the inventive
complexed RNA for transfecting a «cell, tissue or an organism and/or for
modulating, preferably inducing or enhancing, an immune response are disclosed
herein.

1. Complexed RNA, comprising at least one RNA (molecule) complexed with one
or more oligopeptides, wherein the oligopeptide has a length of 8 to 15 amino
acids and has the following empirical formula:

(Arg);(Lys)m;(His)n;(Orn)o;(Xaa)x (formula I)
wherein
el +m+n +0 + x = 8-15, and |, m, n or o independently of each other may
be any number selected from O, 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14 or 15,
provided that the overall content of Arg, Lys, His and Om represents at least 70%
of all amino acids of the oligopeptide; and
» Xaa may be any amino acid selected from native or non-native amino acids
except of Arg, Lys, His or Orn; and
* X may be any number selected from 0, 1, 2, 3 or 4, provided, that the overall
content of Xaa does not exceed 30% of all amino acids of the oligopeptide.

KR10-1513254 (511 2015-04-28)

31

StLt Ol ¢el S2|nEEO|ELR SeMetEl MOk LSl RNAE =
47| 22| AHEO|ETL 8-1571 ofbjx=4t ZO|E ZHX|1, 7| 22|
1742l Arg, m7H2| Lys, nZH2| His, oZH2] Orn, H x7i2| XaaE =EHSt= A
SR St HAXFY SAHSE  EHY-7HE RNA(complexed  single-strand
RNA):

o4 7|0l M,
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1+ m+n+o +x = 815 A
L m n B o ME E8ASZ 0, 1,2 3,4 5 6,7 8 9 10, 11, 12, 13, 14

L= 1528EF MEE o3t $=0|M, CIEt Arg, Lys, His & OrnQ| & T2 &7
22| DHEEO|EQ| & otO|4te| HOjE 50%0|1; A
Xaat Arg, Lys, His &= OmnE Mgt ®A(native) L= H[-HAH(nhon-native)

offjettez2HE MEE Ofifet ofO|ito|ny; B

x= 0, 1,2 3, 4,5 6, 7 = 8ZEF MELZ ot 0|1, Ct3H Xaal| &
stake M7| 22|0HEO|EQ| & ot0| Mol 50%S ZX1sHA| %o, U
2721 1702 Arg T2, mZHel Lys £t7], nZHe| His Tt7], o7i2| Orn Tt7|, H x7{2|

Xaa ZH7|= % 015 StLiol S2|nHEEOIE Lo oflgst =M2E XY = A2H;

270 1742 Arg 7|, m7HQ| Lys Et7|, n7H| His £t7|, oZi2] Orn Tt7|, & x7H2|
Xaa 7= ZtZt SRINMOZ X5t

oziofN, HAX=H E&FHISPEJ CHQU-ZFEF RNAS| LEZA/ZAHOIE
H| & (N/P-ratio)2 0.5-50%.
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Disulfide—linked polyethyleneglycol/peptide conjugates for the transfection of
nucleic acids
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The present invention is directed to an inventive polymeric carrier molecule
according to generic formula () and variations thereof, which allows for efficient
transfection of nucleic acids into cells in vivo and in vitro, a polymeric carrier
cargo complex formed by a nucleic acid and the inventive polymeric carrier
molecule, but also to methods of preparation of this inventive polymeric carrier
molecule and of the inventive polymeric carrier cargo complex. The present
invention also provides methods of application and use of this inventive polymeric
carrier molecule and the inventive polymeric carrier cargo complex as a
medicament, for the treatment of various diseases, and in the preparation of a
pharmaceutical composition for the treatment of such diseases.

1. Polymeric carrier molecule according to formula (l):

L-P1-S-[S-P2-Sn-S-P3-L
wherein,
P1 and P3 are different or identical to each other and represent a linear or
branched hydrophilic polymer chain, each P1 and P3 exhibiting at least one
-SH-moiety, capable to form a disulfide linkage upon condensation with
component P2, the linear or branched hydrophilic polymer chain selected
independent from each other  from polyethylene glycol (PEG),
poly-N-(2-hydroxypropyl)methacrylamide, poly-2-(methacryloyloxy)ethyl
phosphorylcholines, poly(hydroxyalkyl L-asparagi ne), poly(2-(methacryloyloxy)ethyl
phosphorylcholine), hydroxyethylstarch or poly(hydroxyalkyl L-glutamine), wherein
the hydrophilic polymer chain exhibits a molecular weight of about 1 kDa to
about 100 kDa,
P2 is a cationic or polycationic peptide or protein, having a length of about 3
to about 100 amino acids, or is a cationic or polycationic polymer, having a
molecular weight of about 0.5 kDa to about 30 kDa, each P2 exhibiting at least
two -SH-moieties, capable to form a disulfide linkage upon condensation with
further components P2 or component(s) P1 and/or P3;
-S-S- is a (reversible) disulfide bond;
L is an optional ligand, which may be present or not, and may be selected
independent from the other from RGD, Transferrin, Folate, a signal peptide or
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signal sequence, a localization signal or sequence, a nuclear localization signal or
sequence (NLS), an antibody, a cell penetrating peptide, TAT, a ligand of a
receptor, cytokines, hormones, growth factors, small molecules, carbohydrates,
mannose, galactose, synthetic ligands, small molecule agonists, inhibitors or
antagonists of receptors, or RGD peptidomimetic analogues; and

n is an integer, selected from a range of about 1 to 50, preferably in a range
of about 1, 2, 3, 4, or 5 to 10, more preferably in a range of about 1, 2, 3, or 4
to 9.

KR10-1572249 (21 2015-11-26)
qeg 1
Al (1) P'-S-[S-P%-S],-S-P30f [t2 DEX} &N £XF:
A7l A )OIA,
P! S8l P2 M3 CEAY S, M

s U8 Es ey S0
=2|Z(polyethylene glycol (PEG)) S&X Ats0|H, 7| Txd EZ2|0A
=2|Z(polyethylene glycol (PEG)) TKM AtE2 1kDa LHX| 100kDall &EXt&E2
LEEFLH 22,

7] P>= CysHissArgsHissCysO| OH;

7| -S-S-= 0|3 Zgo|H; del1

&7 n& 10| 502 He{O|M MEAE H==0|Ct

KR10-1790236 (511 2017-10-19)
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71 A (oA,

PI 3 P2 &z CEAL SYstad, My s JHX"Eel Fsd Zz(o g
=2|Z(polyethylene glycol (PEG)) S&X Ats0|H, 7| Txd Z2|0
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LHEFLH 13

71 PP Cys{(Arg)iLys)m(His)n(Om)o;(Xaa)dCysOlB 10 WX| 207 ZOo|2|
ofo| A2 74X|D, A7| 0=0, x=0, n=1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14
=15 @ m R 12 E/XCZ 0,1, 2 3,4, 5 67,8 9, 10, 11, 12, 13, 14
£ 150|0, 47| P?= CysHissArgsHissCys®l A= | Q| = O;

AJ| -S-S-= o|gst ATHo|H: d2|1

A7 n2 101M 502 HRlo|A MEHE F==0|Lt,
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Mannose—containing solution for lyophilization, transfection and/or injection of
nucleic acids
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The present invention is directed to (the use of) a solution containing at least
one nucleic acid (sequence) and free mannose for lIyophilization, transfection
and/or injection, particularly of RNA and mRNA. The inventive solution exhibits a
positive effect on stabilization of the nucleic acid (sequence) during lyophilization
and storage but also leads to a considerable increase of the transfection

29 efficiency of a nucleic acid. It thus also increases in vivo expression of a protein
encoded by such a nucleic acid upon increased transfection rate. The present
invention is furthermore directed to a method of Iyophilization using the
mannose-containing solution, to pharmaceutical compositions, vaccines, kits, first
and second medical uses applying such a mannose-containing solution and/or a
nucleic acid (sequence) lyophilized or resuspended with such a solution.

1. Method of preparing a lyophilized nucleic acid comprising the following steps:

(@) providing a solution containing at least one nucleic acid and a free
unconjugated and non-covalently bound mannose, wherein:

(i) the solution is suitable for transfection and/or injection of the nucleic acid
and enhances the transfection efficiency of the nucleic acid and/or the expression
of a protein encoded by the nucleic acid sequence in comparison to a solution
without mannose; and

(i) the nucleic acid is mMRNA, preferably complexed with a cationic or
polycationic compound;

(b) freezing the solution of (a);

(c) drying the solution of (b) by sublimation;

(d) optionally flooding the lyophilized nucleic acid obtained in (¢) with an inert
gas selected from nitrogen or a noble gas, including helium, neon, argon, xenon,
krypton;

(e) optionally sealing the lyophilized nucleic acid obtained according to step (c)
or (d).
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Complexation of nucleic acids with disulfide—crosslinked cationic components
for transfection and immunostimulation
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The present invention is directed to a polymeric carrier cargo complex, comprising
as a cargo at least one nucleic acid (molecule) and disulfide-crosslinked cationic
components as a (preferably non-toxic and non-immunogenic) polymeric carrier.
The inventive polymeric carrier cargo complex allows for both efficient transfection
of nucleic acids into cells in vivo and in vitro and/or for induction of an (innate
and/or adaptive) immune response, preferably dependent on the nucleic acid to
be transported as a cargo. The present invention also provides, pharmaceutical
compositions, particularly vaccines and adjuvants, comprising the inventive
polymeric carrier cargo complex and optionally an antigen, as well as the use of
such the inventive polymeric carrier cargo complex and optionally an antigen for
transfecting a cell, a tissue or an organism, for (gene-)therapeutic purposes as
disclosed herein, and/or as an immunostimulating agent or adjuvant, e.g. for
eliciting an immune response for the treatment or prophylaxis of diseases as
mentioned above. Finally, the invention relates to kits containing the inventive
polymeric carrier cargo complex and/or the inventive pharmaceutical composition,

adjuvant or vaccine in one or more parts of the kit.
1. A polymeric carrier cargo complex, comprising:

a) as a carrier a polymeric carrier formed by disulfide-crosslinked cationic
components, and

b) as a cargo at least one nucleic acid molecule, for use as an
immunostimulating agent or an adjuvant.

KR10-1761388 (31 2017-07-25)
11
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Reversible immobilization and/or controlled release of nucleic acid containing
nanoparticles by (biodegradable) polymer coatings
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The present invention relates to nanoparticles comprising nucleic acids coated
with a (biodegradable) polymer for reversible immobilization and/or controlled
release of the nucleic acid comprising nanoparticles. Furthermore, the present
invention is directed to medical or diagnostic devices, particularly stents and
implants coated by a (biodegradable) polymer with the nucleic acid comprising
nanoparticles for reversible immobilization and/or controlled release. Furthermore,
the present invention is directed to the use of these nanoparticles coated with a
(biodegradable) polymer and to the use of medical devices and implants coated
by the (biodegradable) polymer with these nucleic acid comprising nanoparticles
in the prophylactic or therapeutic treatment of diseases, particularly in the
prevention or treatment of restenosis, calicification, foreign body reaction, or
inflammation. Additionally, the present invention is directed to a method of
preparing these nucleic acid comprising nanoparticles coated with a
(biodegradable) polymer and to a method for coating nucleic acid comprising
nanoparticles by a (biodegradable) polymer on medical or diagnostic devices.

1. Nanoparticle comprising or consisting of a complex of a nucleic acid and a
polymeric carrier molecule according to generic formula (1):
L-P1-S-[S-P2-S]n-S-P3-L (formula I)
wherein,
P1 and P3 are different or identical to each other and represent a linear or
branched hydrophilic polymer chain, each P1 and P3 exhibiting at least one
-SH-moiety, capable to form a disulfide linkage upon condensation with
component P2, the linear or branched hydrophilic polymer chain selected
independent  from each other  from polyethylene  glycol (PEG),
poly-N-(2-hydroxypropyl)methacrylamide, poly-2-(methacryloyloxy)ethyl
phosphorylcholines, poly(hydroxyalkyl L-asparagine), poly(2-(methacryloyloxy)ethyl
phosphorylcholine), hydroxyethylstarch or poly(hydroxyalkyl L-glutamine), wherein
the hydrophilic polymer chain exhibits a molecular weight of about 1 kDa to
about 100 kDa,
P2 is a cationic or polycationic peptide or protein, having a length of 3 to 100
amino acids, or is a cationic or polycationic polymer, having a molecular weight
of 0.5 kDa to 30 kDa,
each P2 exhibiting at least two -SH-moieties, capable to form a disulfide linkage
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upon condensation with further components P2 or component(s) P1 and/or P3;
-S-S- is a (reversible) disulfide bond;

L is an optional ligand, which may be present or not, and may be selected
independent from the other from RGD, Transferrin, Folate, a signal peptide or
signal sequence, a localization signal or sequence, a nuclear localization signal or
sequence (NLS), an antibody, a cell penetrating peptide, TAT, a ligand of a
receptor, cytokines, hormones, growth factors, small molecules, carbohydrates,
mannose, galactose, synthetic ligands, small molecule agonists, inhibitors or
antagonists of receptors, or RGD peptidomimetic analogues; and

n is an integer, selected from a range of 1 to 50, preferably in a range of 1, 2,
3, 4, or 5 to 10, more preferably in a range of 1, 2, 3, or 4 to 9, wherein the
nanoparticle is coated with a polymer, preferably a biodegradable polymer.
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Polymeric carrier cargo complex for use as an immunostimulating agent or as
an adjuvant
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The present invention is directed to a polymeric carrier cargo complex, comprising
as a cargo at least one nucleic acid molecule and as a preferably non-toxic and
non- immunogenic polymeric carrier disulfide-crossl inked cationic components for
use as an immunostimulating agent or as an adjuvant, wherein the polymeric
carrier cargo complex is administered in combination with at least one second
nucleic acid molecule, which encodes a protein or peptide. The inventive
polymeric carrier cargo complex administered in combination with the second
nucleic acid molecule allows for both efficient transfection of nucleic acids into
cells in vivo and in vitro and/or for induction of an innate and/or adaptive
immune response, preferably dependent on the nucleic acid to be transported as
a cargo and on the second nucleic acid molecule. The present invention also
provides pharmaceutical compositions, particularly vaccines, comprising the
inventive polymeric carrier cargo complex and the second nucleic acid molecule,
as well as the use of the inventive polymeric carrier cargo complex and the
second nucleic acid molecule for transfecting a cell, a tissue or an organism, as a
medicament, for therapeutic purposes as disclosed herein, and/or as an
immunostimulating agent or adjuvant, e.g. for eliciting an immune response for
the treatment or prophylaxis of diseases as mentioned herein. Finally, the
invention relates to kits containing the inventive polymeric carrier cargo complex
and the second nucleic acid molecule, the inventive pharmaceutical composition
and/or the inventive vaccine or any of its components in one or more parts of
the kit.

1. A polymeric carrier cargo complex, comprising:
a) as a carrier a polymeric carrier formed by disulfide-crosslinked cationic
components, and
b) as a cargo at least one first nucleic acid molecule,

CHEE S for use as an immunostimulating agent or as an adjuvant,
wherein the polymeric carrier cargo complex is administered in combination with
at least one second nucleic acid molecule encoding a protein or a peptide, and
wherein the polymeric carrier cargo complex and the second nucleic acid
molecule are administered intramuscularly.
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Method for producing RNA compositions
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The present invention relates to a method for producing a liquid composition
comprising a nanoparticle comprising at least one RNA and at least one cationic
or polycationic compound, advantageously on a large scale suitable for
pharmaceutical applications. The present invention further concerns the use of the
inventive method in the manufacture of a medicament or a vaccine. Furthermore,
the invention relates to compositions containing the RNA-comprising nanoparticle,
and to pharmaceutical compositions comprising the same.

1. A method for producing a liquid composition comprising a nanoparticle
comprising at least one RNA and at least one cationic or polycationic compound,
wherein the method comprises the steps of:

(a) providing a first liquid composition comprising at least one RNA,

(b) providing a second liquid composition comprising at least one cationic or
polycationic compound,

(c) introducing the first liquid composition and the second liquid composition
into at least one reactor, wherein the first liquid composition and the second
liquid composition are mixed with a blend time of 5 seconds or less, and

(d) recovering the product liquid composition comprising the nanoparticle
comprising the at least one RNA and the at least one cationic or polycationic
compound from the reactor.
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Lyophilization of RNA
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The present invention is directed to the field of RNA formulation, in particular to
lyophilization of RNA. The invention provides a method for lyophilization of RNA.
The present invention further concerns a lyophilized composition obtainable by
the inventive method, a pharmaceutical composition, a vaccine and a kit or kit of
parts. Moreover, the present invention provides a novel use of a lyoprotectant for
lyophilizing RNA, the use of the inventive method in the manufacture of a
medicament as well as the first and second medical use of the composition
obtainable by the inventive method, the pharmaceutical composition, the vaccine
or the kit or kit of parts according to the invention.

1. Method for lyophilizing RNA, wherein the method comprises the following
steps:

a) providing a liquid comprising at least one RNA and at least one lyoprotectant;
b) introducing the liquid provided into a freeze drying chamber of a freeze dryer;
¢) cooling the liquid to a freezing temperature, wherein the cooling is performed
at a defined cooling rate;

d) freezing the liquid at the freezing temperature in order to obtain a frozen
liquid; e) reducing the pressure in the freeze drying chamber to a pressure below
atmospheric pressure;

f) drying the frozen liquid obtained in step d) in order to obtain a lyophilized
composition comprising the at least one RNA and at least one lyoprotectant

g) equilibrating the pressure in the freeze drying chamber to atmospheric
pressure and removing the lyophilized composition comprising the at least one
RNA and the at least one lyoprotectant obtained in step f) from the freeze

drying chamber.
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Dry powder composition comprising long—chain RNA
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The present invention is directed to a storage-stable formulation of long-chain
RNA. In particular, the invention concerns a dry powder composition comprising a
long-chain  RNA molecule. The present invention is furthermore directed to
methods for preparing a dry powder composition comprising a long-chain RNA
molecule by spray-freeze drying. The invention further concerns the use of such a
dry powder composition comprising a long- chain RNA molecule in the
preparation of pharmaceutical compositions and vaccines, to a method of treating
or preventing a disorder or a disease, to first and second medical uses of such a
dry powder composition comprising a long-chain RNA molecule and to kits,
particularly to kits of parts, comprising such a dry powder composition comprising
a long-chain RNA molecule.

1. Dry powder composition comprising a long-chain RNA molecule.
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Hybrid carriers for nucleic acid cargo
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The invention relates to carrier compositions for nucleic acid delivery which
comprise a cationic peptide or polymer in combination with a cationic lipid. In a

29 further aspect, the invention relates to nanoparticles comprising a complex of a
bioactive cargo material with the peptide or polymer and the lipid. The invention
further relates to the preparation and the uses of the nanoparticles.

1. A composition comprising:

(a) a cationic peptide or polymer;

(b) a cationic lipid; and

(c) a nucleic acid compound;

wherein the cationic peptide or polymer is not a cationic compound comprising
CHEM TS a cationic moiety P having at least one -SH group capable of forming a disulfide

linkage, or a disulfide- linked multimer thereof, and wherein moiety P is selected

from a polymer moiety having a molecular weight from about 0.5 kDa to about

30 kDa or from a peptide moiety composed of 3 to 100 amino acids wherein at

least 10% of the total number of amino acids of the peptide moiety represent

basic amino acids selected from Arg, Lys, His and/or Orn.

- 497 -



)
i
M
o
)
ot
)
)
)
2
[>
r (
oldt
M
1%

® 0 52 mRNA WAl F4H Fa 5324, A

525 WO2017/212007 BRI

Cationic carriers for nucleic acid delivery
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Compositions for nucleic acid delivery are provided which comprise a relatively
low amount a permanently cationic lipid or lipidoid, such as a lipid comprising a
29f quaternary ammonium group. The compositions are suitable for the delivery of
chemically modified or unmodified DNA or RNA. Moreover, the compositions are

suitable for local administration, such as by extravascular injection.

1. A composition comprising
(a) a cationisable or permanently cationic lipid or lipidoid, and

(c) a nucleic acid compound;

wherein the lipid or lipidoid and the nucleic acid compound are non-covalently
associated, and wherein the ratio of the lipid or lipidoid to the nucleic acid
compound is not higher than about 2 nmol lipid per pg nucleic acid compound.
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The invention relates to carrier compositions for nucleic acid delivery which
comprise a cationic peptide or polymer in combination with a cationic lipid. The
peptide or polymer comprises a disulfide linkage or an -SH moiety capable of

29 forming a disulfide linkage. In a further aspect, the invention relates to
nanoparticles comprising a complex of a bioactive cargo material with the peptide
or polymer and the lipid. The invention further relates to the preparation and the
uses of the nanoparticles.

1. A composition comprising:
(@) a cationic compound comprising at least one cationic moiety P having at
least one -SH group capable of forming a disulfide linkage, or a disulfide-linked
multimer thereof, and
(b) a cationic lipid;

CHENTE  wherein moiety P is selected from
- a polymer moiety having a molecular weight from about 0.5 kDa to about 30
kDa, or
- a peptide moiety composed of 3 to 100 amino acids, wherein at least 10% of
the total number of amino acids of the peptide moiety represent basic amino
acids selected from Arg, Lys, His and/or Orn.
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A composition for the delivery of a nucleic acid compound is provided which
comprises a cationic peptide or polymer and a lipidoid compound. The nucleic
acid compound may be any chemically modified or unmodified DNA or RNA. The
amount of the lipidoid in the composition is preferably low, relative to the

cationic peptide or polymer.

1. A composition comprising:

(a) a cationic peptide or polymer;

(b) a cationic lipidoid compound; and
(¢) a nucleic acid compound.
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The invention relates to a device for injecting a material containing RNA into an
L2kl organism, in particular for immunisation purposes and to the use of dehydrated
RNA as vaccines.

1. Device for injecting an RNA-containing material into an organism, characterized
in that the device contains dehydrated, preferably freeze-dried, RNA.

EP1383556B1

1. Device for intra-cutaneously or intra-dermally administering dried mRNA to an
organism, characterised in that the device is provided with at least one, preferably
several, skin penetration device(s), and dehydrated, preferably freeze-dried, mRNA
is applied to the skin penetration devices(s).
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The present invention relates to vaccines comprising at least one mRNA encoding
at least one antigen for use in the treatment of a disease in an elderly patient
preferably exhibiting an age of at least 50 years, more preferably of at least 55
29 years, 60 years, 65 years, 70 years, or older, wherein the treatment comprises
vaccination of the patient and eliciting an immune response in said patient. The
present invention is furthermore directed to kits and kits of parts comprising such
a vaccine and/or its components and to methods applying such a vaccine or kit.

1. Vaccine comprising at least one mRNA encoding at least one antigen for use

in the prophylaxis of an infectious disease in an elderly patient exhibiting an age

of at least 50 years, wherein

« the treatment comprises vaccination of the patient and eliciting an immune
HEX TS response in said patient;

« the G/C content of the coding region of the at least one mRNA is increased

by at least 15% compared to the G/C content of the coding region of the

respective wild type coding sequence; and

« the at least one mRNA is associated with a cationic compound.
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The present invention relates to vaccines comprising at least one mRNA encoding
at least one antigen for use in the treatment of a disease in newborns and/or
infants, preferably exhibiting an age of not more than 2 years, preferably of not
more than 1 year, more preferably of not more than 9 months or even 6
months, wherein the treatment comprises vaccination of the newborn or infant
and eliciting an immune response in said newborn or infant. The present
invention is furthermore directed to kits and kits of parts comprising such a
vaccine and/or its components and to methods applying such a vaccine or kit.

1. Vaccine comprising at least one mRNA encoding at least one antigen for use
in the prophylaxis of an infectious disease in newborns and/or infants, exhibiting
an age of not more than 2 years, wherein

 the treatment comprises vaccination of the newborn or infant and eliciting an

HEME TS immune response in said newborn or infant;

« the G/C content of the coding region of the at least one mRNA is increased
by at least 15% compared to the G/C content of the coding region of the
respective wild type coding sequence; and

- the at least one mRNA is associated with a cationic compound.
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Method for increasing expression of RNA—encoded proteins
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The invention relates to an RNA comprising at least one open reading frame
(ORF) and comprising at least one modification, which increases the expression of
the encoded peptide or protein. Furthermore, the invention relates to the medical
use of such a modified RNA administered to a subject by jet injection. The
invention relates further to a pharmaceutical composition and to a kit of parts
comprising said modified RNA for administration by jet injection, preferably for
use in the field of gene therapy and/or genetic vaccination. Additionally, the
invention relates to a method for enhancing the (localized) expression of
RNA-encoded peptides or proteins in the dermis or muscle (of a mammal)
comprising administering the modified RNA by jet injection. And finally, the
invention relates to a method of treatment comprising administering the modified

RNA by jet injection to a subject in need thereof.

1. A modified RNA comprising at least one open reading frame and comprising
at least one modification, which increases the expression of the encoded peptide
or protein, for use in medical treatment, wherein the modified RNA is

administered by jet injection.
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The present invention relates to prime-boost regimens that involve the
administration of at least one mRNA construct, such as the use of such constructs
in "boost" administration subsequently to "prime" administration of certain other
antigenic composition(s). Such inventive regimens may, in particular, be useful for
the induction of an immune response in a subject, and/or the vaccination of such
subject against infection from one or more pathogens, and/or the treatment or
prevention of one or more diseases or conditions, including a tumour or cancer,
allergy or autoimmune conditions, and/or a disease or condition associated with
infection from a pathogen. The present invention further describes methods, uses,
vaccination compositions, kits and packaged vaccine components related to or
useful for one or more of such regimens.

1. A second antigenic composition that comprises

at least one mRNA construct that encodes at least one immunogenic peptide or
polypeptide,

for use as a vaccine, wherein at least once an effective amount of the second
antigenic composition is administered to a subject in need thereof subsequently
to administration to the subject at least once of an effective amount of a first
antigenic composition that comprises at least one immunogenic peptide or
polypeptide and/or that comprises at least one nucleic acid construct that
encodes at least one immunogenic peptide or polypeptide,

wherein:

the nucleic acid construct, if comprised in the first antigenic composition, is not
an mRNA construct; and

at least one epitope of the immunogenic peptide or polypeptide comprised in,
or encoded by the nucleic acid construct comprised in, the first antigenic
composition is identical to or at least 70%, 75%, 80%, 85%, 90%, 95% or at least
98% identical to at least one epitope of the immunogenic peptide or polypeptide
encoded by the mRNA construct of the second antigenic composition.
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The invention concerns the field of genetic vaccination, in particular RNA vaccines.
The present invention provides an mRNA for use in the treatment and/or
prevention of a disease, wherein the mRNA is administered to the epidermis.
Furthermore, the invention provides compositions comprising the mRNA for
epidermal administration or kits comprising the mRNA for epidermal
administration. Moreover, the invention concerns the medical use of the mRNA or
compositions comprising the mRNA, wherein the mRNA or compositions
comprising the mRNA are administered to the epidermis.

1. mRNA for use in the treatment or prevention of a disease, wherein the mRNA
encodes at least one peptide or protein and wherein the treatment or prevention
of the disease comprises administration of the mRNA to the epidermis of a
mammalian subject.
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Simian adenoviral vectors and RNA molecules, each encoding an immunogen of
interest, can be sequentially administered to provide potent and long-lasting

immunity.

1. A method of inducing an immune response to an infectious disease in a
mammal comprising

a. administering a priming vaccine comprising an immunologically effective
amount of one or more antigens encoded by either an adenoviral vector or an
RNA molecule and

b. administering a booster vaccine comprising an immunologically effective
amount of one or more antigens encoded by either an adenoviral vector or an
RNA molecule,

wherein if the priming vaccine is encoded by an adenoviral vector the booster
vaccine is encoded by an RNA molecule, and if the priming vaccine is encoded
by an RNA molecule the booster vaccine is encoded by an adenoviral vector.
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Polynucleotide compositions containing amino acids
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The present invention relates to compositions and methods for the preparation,
9 manufacture and therapeutic use of polynucleotides formulations containing amino

acids.

1. A pharmaceutical composition comprising at least one amino acid and at least
CHEE T2  one polynucleotide encoding a polypeptide of interest, wherein the polynucleotide
comprises at least one chemical modification.
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Formulation and delivery of modified nucleoside, nucleotide, and nucleic acid
compositions
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The present disclosure provides, inter alia, formulation compositions comprising
modified nucleic acid molecules which may encode a protein, a protein precursor,
or a partially or fully processed form of the protein or a protein precursor. The
formulation composition may further include a modified nucleic acid molecule and
a delivery agent. The present invention further provides nucleic acids useful for
encoding polypeptides capable of modulating a cell's function and/or activity.

1. A method of increasing the duration of protein expression from an mRNA in a
mammalian cell or tissue of a mammal comprising administering said mRNA via
electroporation.

EP2971010B1

1. An mRNA for use in a therapeutic method of increasing the duration of
protein expression from said MRNA in a mammalian cell or tissue of a mammal,
said method comprising administering said mRNA via electroporation;

wherein administration comprises the steps of

(a) injecting the mammal with mRNA, and

(b) delivering one or more electric pulses at or near the site of injection,
wherein the one or more electric pulses are delivered in a first stage, a second
stage and a third stage,

wherein the first stage is a single pulse at an amplitude of approximately 450V
for a pulse duration of approximately 0.05 ms and a pause interval of
approximately 0.2 ms;

the second stage is a single pulse at an amplitude of approximately 450V for a
pulse duration of approximately 0.05 ms and a pause interval of approximately 50
ms; and

the third stage is a pulse repeated eight times at an amplitude of approximately
110V for a pulse duration of approximately 10 ms and a pause interval of
approximately 20 ms.
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Reduction or elimination of immune responses to non-intravenous, e.G.,
subcutaneously administered therapeutic proteins
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This disclosure provides improved lipid-based compositions, including lipid
nanoparticle compositions, and methods of use thereof for delivering nucleic acids
in vivo. These compositions have reduced immune activation resulting in
accelerated blood clearance and/or anti-drug antibodies and they have an
improved toxicity profile and therapeutic index in vivo.

1. A method for sequentially delivering lipid nanoparticles (LNPs) encapsulating a
nucleic acid encoding a protein to a subject by subcutaneous administration in
order to produce therapeutically effective amounts of the protein in response to
subsequent doses of the LNP, the method comprising:

administering a first dose of LNPs to the subject to produce a therapeutically
effective amount of the protein, and

subcutaneously administering two or more subsequent doses of LNPs to the
subject, wherein the subject does not have an immune response that promotes
accelerated blood clearance (ABC) and/or anti-drug antibody (ADA) to the two or
more subsequent doses of LNPs and wherein the subject receives an effective
amount of the protein for treating a disease, wherein sequential doses are
administered within three weeks of one another.

- 510 -



538 WO2018/089846

Subcutaneous delivery of messenger RNA

CHEE T

(=13
<]

2016-11-10
2018-05-17 CHE D22 §8 US2019/0298755
TRANSLATE BIO (US)
st M, mRNA+hyaluronidase

The present invention provides, among other things, methods of formulating
nucleic acid-containing nanoparticles with an enzyme to afford efficient delivery of
payload to a cell or tissue of interest via subcutaneous administration. In some
embodiments, the present invention provides a process in which mRNA-loaded
lipid nanoparticles are co-mixed with various amounts of hyaluronidase and
administered via subcutaneous administration. The resulting payload can be
efficiently delivered to the liver and other organs or tissues of a treated subject.

1. A method of treating ornithine transcarbamylase (OTC deficiency) comprising
administering via subcutaneous injection to a subject in need of treatment
a) an mRNA encoding an ornithine transcarbamylase (OTC) protein, and

b) a hyaluronidase enzyme.
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Disclosed are cationic polymers comprising monomers such as those described in
Formula (I). Such polymers can be useful for the preparation of therapeutic

29 compositions [e.g., compositions comprising nucleic acids such as m RNA).
Additionally, therapeutic compositions comprising these cationic, biodegradable
polymers can have improved properties and reduced toxicity.

1. A polymer comprising monomers having the following structure:
B’
/
o L!

X y
wherein
R1 is C6-C20 alkyl, C6-C20 alkenyl, or C6-C20 alkynyl;
L1 is C2-C20 alkylene;
B1 is NR2R3 or a 5- to 10-membered heteroaryl group;
R2 is hydrogen or C1-C20 alkyl;
R3 is hydrogen, C1-C20 alkyl, or an /V-protecting group;
or R2 and R3, together with the nitrogen to which they are attached, combine
to form a 5- to 10-membered heterocyclic group;
x is an integer of 5 to 500; and
y is an integer of 5 to 500.
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The present invention provides, among other things, methods of formulating
nucleic acid-containing nanoparticles with an mRNA encoding an enzyme to

9 of afford efficient delivery of payload to a cell or tissue of interest via subcutaneous
administration. The resulting payload can be efficiently delivered to the liver and
other organs or tissues of a treated subject.

1. A method for subcutaneous delivery of a messenger RNA (mRNA) to a subject

in need thereof, the method comprising: administering subcutaneously to the
CHEM TS subject a composition comprising:

an mRNA encoding a protein or polypeptide, and

an mRNA encoding a hyaluronidase.
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Messenger RNA vaccines and uses thereof
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The present invention provides, among other things, methods and compositions
Qot of formulating nucleic acid-containing nanoparticles for efficient delivery of
of

payload in vivo such that the method and compositions can be used to generate

MmRNA vaccines.

1. A method of inducing an immune response in vivo comprising:

administering to a subject in need thereof a composition comprising a
CHEE T2 messenger RNA (MRNA) encoding an antigen, encapsulated in a lipid nanoparticle,

at a dosing regimen sufficient to induce an antigen specific T cell response

and/or an antigen specific antibody response.
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Messenger RNA vaccines and uses thereof
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The present invention provides, among other things, methods and compositions
Qo of formulating nucleic acid-containing nanoparticles for efficient delivery of
of

payload in vivo such that the method and compositions can be used to generate

MmRNA vaccines.

1. A method of inducing an immune response in vivo comprising:

administering to a subject in need thereof a composition comprising a
CHEE T messenger RNA (MRNA) encoding an antigen, encapsulated in a lipid nanoparticle,

at a dosing regimen sufficient to induce an antigen specific T cell response

and/or an antigen specific antibody response.
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