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Innovating Data into Strategy and Business

0|2 20059 MA|ZQl HASH 2{Hoj| 2|22 YHHESIH D (Kariko, K. et al. Immunity 23,
165-175 (2005)), & L{E0|| Chol So1=2 S 5t AS(2005. 8. 23. US 71&9)
- 72| 2 BfAl= 2005\ US 7t2-20f oSt M2 FA6HHM 2006. 8. 21. PCT 295t

o, 0|o| 2 0|5 S3l= tet 28

HiHo| HZ| RNA containing modified nucleosides and methods of use thereof

2oHS US 11/990646 SEHS US 8278036 B2

(&) (2006.08.21) (3505' (2012.10.02)
PCT £2¢¥S PCT/US2006/032372 SMA US 60/710164

(E9Y) (2006.08.21) (M) (2005.08.23)

TRUSTEES OF THE UNIVERSITY Z£7|7¢

32y Ha|zt OF PENNSYLVANIA ool 2027.05.24 (PTA-%1%)

This invention provides RNA, oligoribonucleotide, and polyribonucleotide
molecules comprising pseudouridine or a modified nucleoside, gene therapy
vectors comprising same, methods of synthesizing same, and methods for gene
0ok replacement, gene therapy, gene transcription silencing, and the delivery of
therapeutic proteins to tissue in vivo, comprising the molecules. The present
invention also provides methods of reducing the immunogenicity of RNA,
oligoribonucleotide, and polyribonucleotide molecules.

1. A method for inducing a mammalian cell to produce a protein of interest
comprising: contacting said mammalian cell with in vitro-synthesized modified
RNA encoding a protein of interest, wherein said in vitro-synthesized modified
RNA comprises the modified nucleoside pseudouridine.
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Yol Ha Non-liposomal systems for nucleic acid delivery
EHHS SEHS
US 14/642452 (2015.03.09 US 9404127 (2016.08.02
(@8 ( b sy ‘ )
ARBUTUS BIOPHARMA 5—J'\-7|7|‘
| 2| A] SIS
Az 2|2t CORPORATION arzol 2031.06.30

A composition comprising:

a plurality of nucleic acid-lipid particles, wherein each particle in the plurality of

particles comprises:

(a) a nucleic acid;

claim 1 (b) a cationic lipid;

(c) a non-cationic lipid; and

(d) a conjugated lipid that inhibits aggregation of particles,
wherein at least about 95% of the particles in the plurality of particles have a
non-lamellar morphology.
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claim 1

Non-liposomal systems for nucleic acid delivery

US 14/462441 (2014.08.18) US 9364435 (2016.06.14)

ARBUTUS BIOPHARMA

CORPORATION 2029.04.15

1. A nucleic acid-lipid particle comprising:

(a) a nucleic acid;

(b) a cationic lipid comprising from 50 mol % to 85 mol % of the total lipid present
in the particle;

(c) a non-cationic lipid comprising from 13 mol % to 49.5 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.

claim 1

Lipid formulations for nucleic acid delivery

US 12/424367 (2009.04.15) US 8058069 (2011.11.15)

ARBUTUS BIOPHARMA

CORPORATION 2029.04.15

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 % of the total lipid present in the particle.

claim 1

Novel lipid formulations for nucleic acid delivery

EP 2009-731866 (2009.04.15) EP 2279254 (2017.07.05)

ARBUTUS BIOPHARMA

CORPORATION(CA) 2029.04.15

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 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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Novel lipids and lipid nanoparticle
2015 ) ) . IL(3), AU(3), JP(3), WO(1), EP(3),
1 PCT/US2015/034496 06.05 formulations for Qellvew of nucleic CN@), US(9), CA), ES(1)
acids
ACUITAS Novel lipids and lipid nanoparticle
2016. A . ) IL(1), AU(4), JP(1), WO(2), CN(2),
2 THERAPEUTICS INC. PCT/US2016/059575 1028 formulations for Fiellvery of nucleic EP(2), US(S). CA(1)
acids
2017. . ) ) IL(1), AU(2), JP(1), WO(2), CN(2),
3 PCT/US2017/058619 1026 Lipid nanoparticle formulations EP(2), US(S). CA(1)
Compounds and compositions for
2016 ) ) 1 TW(1), AU(3), JP(1), WO(2), EP(2),
4 PCT/US2016/052352 09.16 intracellular delivery of therapeutic Us(15), CA)
agents
———  MODERNATX, INC.
2018 Compounds and compositions for RU(2), IL(1), SG(1), AU(1), JP(1),
5 PCT/US2018/022717 03.15 intracellular delivery of therapeutic | KR(1), WO(1), CN(1), EP(1), CA(1),
: agents us@3)
IL(T), IN(T), JP(1), KR(1), MX(1),
6 CUTT—EEVRAACPEAL?TIICA;CIEEAS PCT/EP2017/077517 ?81276 Lipid nanoparticle mrna vaccines EP(1), CN(1), BR(1), SG(1), AU(1),
’ ’ WO(1), US(2), CA(1)
2021, ) .
7 CUREVAC AG PCT/EP2021/052455 02.03 Coronavirus vaccine WO(1)
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