Category siRNA Phizer-BioNTech mRNA vaccine Moderna mRNA vaceine Curevac mRNA
vaceine
candidate

Name product Onpattro * BNT162b2; Comirnaty mRNA-1273 CVnCoV

patisiran

mENA dose; route of 0.3 mg/kg, intravenous 30 pg; intramuscular 100 pg; intramuscular 12 pg:

administration intramuscular

Lipid nanoparticle DLin-MC3-DMA: (6Z,9Z,287,31Z)- 0.43 mg ALC-0315 = (4- SM-102 (heptadecan-9-yl 8-((2-hydroxyethyl) (6- Cationie lipid

components heptatriaconta-6,9,28,31-tetraen- hydroxybutyl) azanediyl)bis oxo-6-{undecyloxy) hexyl) amino) octanoate} (Acuitas
19-yl-4-(dimethylamine) (hexane-6,1-divD)bis(2- PEG2000-DMG — 1- Therapeutics)
butaneate hexyldecanoate) meonomethoxypolyethyleneglyeol-2,3- Phospholipid
1,2-Distearoyl-sn-glycero-3- 0.05 mg ALC-0159 — 2- dimyristylglycerol with polyethylene glycol of Cholesterol
phosphocholine (DSPC) [(polyethylene glyeol)-20001-N.N average molecular weight 2000 PEG-lipid
PEG2000-DMG — Alpha-(3-{[1,2- || ditetradecylacetamide 1,2-Distearoyl-sn-glycero-3 phosphocholine (DSPC) | conjugate
di(myristyloxy)propanoxy] 0.08 mg 1,2-Distearoylsn-glycero-  Cholesterol
carbonylamino) propyl)- 3-phosphocholine (DSPC)
w-methoxy, polyoxyethylene 0.2 mg Cholesterol
Cholesterol

Molar lipid ratios (36) 50:10:38.5:1.5 46.3:9.4:42.7:1.6 50:10:38.5:1.5 50:10:38.5:1.5

ionizable cationic

lipid : neutral lipid :

cholesteral : PEG-

ylated lipid

Molar N/P ratios™ 3 6 6" 6

Buffer Potassium phosphate, monobasic, 0.01 mg Potassium dihydrogen Tris (tromethamine) ?

anhydrous phosphate pH7-8 pH
Sodium phosphate, dibasic, 0.07 mg Disodium hydrogen
heptahydrate phosphate dihydrate pH 7-8
pH~7
Other excipients Sodium chloride 0.01 mg Potassium chloride Sodium acetate Saline

Water for injection 0.36 mg Sodium chloride Sucrose
6 mg Sucrose

Water for injection

‘Water for injection

Fig.6 #1073 V4/JLA mRNA 99F>® LNP DO#fsk [10]

Flz. BFHAED HP [7]T(E. Pfizer $t&IIF >0 LNP (32 DOEEREE THS ALC-0315 (PZ/ABE) HLU
ALC-0159 (PEG BEE) RBHUIIC 2 DDHEEREEELL T DSPC (1,2-distearoyl-sn-glycero-3-
phosphocholine) BLUILATO-ILERETZTET BNT162b2 %3 AT ZAEE S /AIF (LNP) HFZEEN
3. IEEMTHD, Linde Schoenmaker SOFEXDAEE—EL TWSIENHIDET,

LNP (FFAZ5OMERERDRER Y F THDUAEENSESN TV I8, flifae DFRANMEN =L, ML iEUI5AE
IREREHRANREUET, UVBEE (DSPC) ALATO-)UIEEN (CRESEI&EIZRIZL. £HRESHE
(CENTVWBRUIFL>JUI-)L (PEG) {LABE(EMPHEMZIBRITET . £z HF A/ A A IS
(Pfizer-BioNTech £t : ALC-0315. Moderna #t : SM-102) (. BOERZHUZ MRNA D FOESE(LE
AIRE(CT BB ZRILTVET, 2 HORG(E LNP OFERRDEVNCIO T RIFEEBRBOTVSEEZSNE T,

LNP (& 1960 SFFAANSEER D EHERZABL THRAHDWNERBEBABA T ZFr)7 - LTSN TEFELZ. S
BIODIFU(AENND LNP (FHhFHIDTUF1v>1-IJ0VETFKRZF (UBC) O Dr. Pieter Cullis 5(C&>T 1970 £
RICBEFEEINRAZIRRETDEEZSNET [11]. 2. BERFORFFFEARE TU a0, IRTISAP O EhF
A Arbutus #EHEBHFFOPTEE T . Arbutus £t(& UBC ERUSAHMIBAY > —/)N—THIZR0., RV BRI ®HS
ERONET . ERICEEORIC LNP (BT 351 2 AEZHINMFIEL TWSIENEER TEELE [12].

RATIN, —FEEFEINTOEN O LNP NTNIZTAESREENIZRIZL TVWSIEF KFEBRT LNP O
(CERDFBA L DHBDEECEOTIFELVSEETT .
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o HAXIFFT

Dr. Kariko. Dr. Cullis ZDAZEICED. MRNA OB AR R(CL DI AL EMEREDEH SN TEIRS. MRNA
D0F RO DEFRERDFEUS, KEFEFEEIEZER (SEC) NOREERPEAO-1- AW -2EIENF
HFIBERESBURNS, BERFFEABRUETS KROIIARZFRFO US 8,278,036 B2 (036 45:F) .
4 Arbutus #t® US8,058,069B2 (069 4F:F) NENZN. mRNA Y LNP (CREAI3EAYFHF ThHIEEZET,
BB, COFB TR MEERIFTDEDTERVIEZT T AL,

MRNA

FETES US 8,278,036 B2

FKEAE Katalin Kariko, Rydal, PA (US); Drew Weissman, Wynnewood, PA (US)

EFE The Trustees of the University of Pennsylvania, Philadelphia, PA (US)

HFRE 2006-08-21

{RLLIFE 2005-08-23 (US60/710164P)

= 2027-05-24 (A%E%)

Claim 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.

&1 036 FHFOHE

In vitro TE&MENIZ MRNA ZIFEELAEHIRICEA L. BRI\ VBOEEZFETZ5ETIN A1 NIRE
ED>1—-RoUsy (W) TY., CNIFRHROED, Dr. Kaliko (CLZMAFTTKEZDEDTY , iz, > /\VEOFEFEN
PRESNTHS5Y ., WRMIBOHELIREIEB L VEDEROTHED, FEABERFFOFARLBUEUR, HifEREEE
OHEFIEARI(E. 1280 6 SRR TVET, INNSIEFERNICIRNZEFEEND MRNA EERICEOTFEIFTEE
NBUVFFTIONT, FIFIMENRBENTIKERDNE T
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LNP (RBEF/HIF)

069 REFIRAICHTIDNFr—1EETHSD Provita FE(CLOTHEEENFULN, 2 FERICKENIAINZTH D>
)I2>)\L—iR4T (Silicon Valley Bank) h'ort&E% 521121, BRI (Security Agreement)(C&>TEER
HEFENREIRITOBERCENDELIZ, ZNHNSHI 7 G4, Protiva f#1h' Arbutus #HICEINENSELEE(C, 069 4
(& Arbutus fHCBEEEEINFUL, VDN —IRITIBEREE EEDIBRMIEZER I 2RO TEIHIER
BI(C. FBAZ I ZREUTABIRBEE BBV A TOTEELI. BIRITIE 37 FOEEDOH T, Ao Fr—1BEP TS/~
N IOATARESRIZT THL FEZETL > N -RIRITELTOFH B R, )\ (TIRENEFDSVIVNL—
TREADIITICFTHRRLEUL KEOARDFr—BENBOOG, OULEREEOFEL—REEZISNET.

FETES US8,058,069B2

FERE Edward Yaworski, Maple Ridge (CA); Kieu Lam, Surrey (CA); Lloyd Jeffs, Delta (CA); Lorne
Palmer, Vancouver(CA); Ian MacLachlan, Mission (CA

& ARBUTUS BIOPHARMA CORPORATION

HFRE 2009-04-15

REFE 2008-04-15 (US61/045228P)

= 2029-04-15 (Anticipated)

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 % of the total lipid present in the particle

&2 069 HFHFOEE

Linde Schoenmaker 505w [10]THIRESNTZLNP D#Rk%Z. 069 4555 D — I — LAexdtbUizéC 3. Pfizer-
BioNTech tt0ILZXFO-)L2%BRE. 069 $FFOIEFIEEF ICAO>TVBIENDHNMDET,
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US8,058,069B2 MzE3REEFH Pfizer-BioNTech 134 Moderna #+ &

mol% i5y=1 mol% =1 mol%

cationic lipid 50~60% ALC-0315 46.3% SM-102 50%
4~10 % DSPC 9.4% DSPC 10%
Cholesterol 30~40% Cholesterol 42.7% Cholesterol 38.5%

PEG-lipid 0.5~2% ALC-0159 1.6% PEG2000-DMG 1.5%

#F3 069 FiEFe 2 1R Mm LNP R DX LE

MY —)L Innography (CT. $55FM58c%K 9 Patent Strength ZFANZECB. 2 HHEEEREEIED 90~
100 s THhET,

B[S ‘ US8278036 B2 US8058069 B2

Forward Citations 212 201

Backward Citations 3 72
Patent Strength 90th-100th Percentile 90th-100th Percentile

& 4 036 155F& 069 155FD#E 5| A - 5| AL, 3555058 E (Innography &D)

Fre. 2 b5 %L (Forward Citations) W2 WTIH. 51A%% (Backward Citations) (CBAULTIEAER
ZHhHDET ., 036 §F&F(E Dr. Kaliko SOEIEAMIFFZTOFERICHT LT, 069 ¥F5F(E UBC FH(CLD 1970 F£ARANS
ERESN TV R B EU TR TR TVWBIEERUTWREE ZF T,

Moderna #t(¢ 2020 £ 10 A 9 B(C. [97F > =FARPOMECHU. /(T 2yIh . 7L HE O
JOFVAIIVAREZGAE (COVID-19) BIHEDFFHEZITELRVIZEZRAL. WRERAFFOUZA M AFHEENEL
1z [13].

No. I8 S HiFER =x2d=| A4 N
1 US10702600B1 | 2020/2/28 2020/7/7 Betacoronavirus mRNA vaccine

Modified polynucleotides for the production of
2 US10577403B2 | 2019/6/12 2020/3/3

secreted proteins
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Modified polynucleotides for the production of
US10703789B2 | 2019/6/12 2020/7/7
secreted proteins
Compounds and compositions for intracellular
US10266485B2 | 2018/6/11 2019/4/23
delivery of therapeutic agents
Compounds and compositions for intracellular
5 US10442756B2 | 2017/12/18 | 2019/10/15
delivery of therapeutic agents
Modified nucleosides, nucleotides, and nucleic
6 US10064959B2 | 2017/4/21 2018/9/4
acids, and uses thereof
Compounds and compositions for intracellular
7 US9868692B2 2017/3/31 2018/1/16
delivery of therapeutic agents

% 5 Moderna #hBMURISEF (At HP &)

Zm35, JOFIAIVAISITF S mMRNA DOF > OEARE 2L —AUZ US10,702,600B1  (UB% 600 45:F) (.
INOFYIDEED 2020 £ 2 A 28 BICHFEENEUR. FEAMESNTORVEZFNMEULNER AN, 25T 24F:F
HiFA(E BioNTech #X° Pfizer #th\5(FAEER TETL\E R A Moderna HEOIFFESICNT I 2B AR ANBAEBFIDAE
~KNBRET,

US10,702,600B1

Claim 1.
A composition, comprising: 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.

600 %55 Tld, AFIOFVAILA (BetaCoV) O S AYNIEFE S H>\VEBT1Zyhed—- R 2A-T -7
1)L = LEEDAYEISv—UNKEE (MRNA) ZAEE T /R FICRCS UM IL — AN TVET, A—4]
OFVAIVAEZ BAIAILATHS 0C43 ° HKU1, BIERMIFIREHEIREFIOF D)L (SARS-CoV) | HER
IPIREREIREF 10T U1)LR (MERS-CoV) . €LT COVID-19 OREVAILATHS SARS-CoV-2 ZEHILL
BESTIDT, 2OIL—ABHRDIEVWEDERITVET,

Moderna #HOFERCLNE DIF22/EDHD MRNA EREEF /HIF (LNP) OHAEDHEICONT, 2015 4F

DABZIC 11 FEFADRIAED)F> Ok MEPRER(CHI BRI BEE DRI ZITOTVE T . ARIVAFFFHFED— DS,
LNP 0OfARkT™ mRNA OfgEhzIL— AUz US10,703,789B2 (LARF 789 4%5F) TY.
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US10,703,789B2

Claim 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 polypeptide, wherein the
MRNA comprises:

(i) at least one 5'-cap structure;

(i) a 5'-UTR;

(iii) an open reading frame encoding the polypeptide 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.

COIL—ATIFETHEN LNP T, B3NP mRNA (CETIRBELRITHD, Flka 2 DOERERizEASHEB0
([CADFT, LNP OIMFEFEDASE(FELCAFREDT, mRNA (CEAUTIE—AREI 8IS (5'Cap. 5'-FEENERAEL,. A
—TIIN)-F4>9 T — A, 3'-FEERERAEIE. poly-A) (CHDZ. Dr. Kaliko O THz>1—RIUSIHINZSNTUVE
g_o

o 3' poly-A-tail: properties such as
length, are important for

., N . B translation and protection of the
e UTR’s: translational efficiency is MRNA molecule

regulated by their length,
structures and regulatory
elements,

Poly-A-tail
UTR

s N

« Cap UTR e CDS {Coding Sequence):
e Maodification of sequence, such as
o " — codon optimization, have
5’ Cap: The efficiency of contributed ta improved expression.
capping and the cap
structure impact innate
sensing and protein Purity: removal of impurities reduces
production. innate sensing promoting expression.

Fig.7 mRNA O—figf)24#i& (Nature 3&D [14])

BOTEX(E LNP OFEN 80 nm~160 nm. poly-A OESH 100 I AF R _EOEIERTEDRA > MR
F9, UNURHS. Precision Nanosystems 0" 2018 FICABUZERNCENIE. SEO mRNA 99F >0 LNP

NGB



EIFR(CARIT SRR AR THEEOCE S TIT O RERDIEREL TIE. LNP OAI#E(F 90 — 140 nm THBIEND
MOTVEY [15]. 2\ Poly-A DRE[E MRNA OREMLI VNI EDELEICREFETIEENIDIETH
D [16]. #J 10 FRID Zhao SOERERTFEDRIZ 64 FHENS 150 AEIEHEUIBE. 52\ IEDEN 2 8
BOfRERMREINTVET [17].

789 $5FNIL— AL TUWS LNP OHIE® mRNA O Poly-A OES(F, FHMOERTENFER>TVRBDTHDE
CIBRRVVEIZI BN ERVEI N RIFFFOREMCOVWTOZITODI TR N LMIEEERFEA. I
SORFEFIIDREERE TEREBRDFEULO T, ZEMUNHDEVIFHETVZE Moderna #£® 600 455> 789
3R RNSEBAOREDEB O TVWIENEZET . A OULIENREIEZRAOE T,

o SAtIRRIBISHIEMDEAIE

KEGISEEIZRESR (SEC) NRHEENIFFIA R EZBLE(C, Mario Gaviria 5(& COVID-19 (CX9%
MRNA J7F > DEE(CHIAEMBBMROVTORZITVELZ [18].

Provisional

Provisional
mmmmmmmm

L / o
Arcturu{sk‘jhéFé"peutics

Tesla(
- Development agreement

Joint patent app.

C . [] zl - C Joint ownership of COVID vaccine Spike protein patent app.
GlaxaSmilhKing i i - mRNA RiboTherapeutics
a;;g‘:’,{f:m Sublicense
Sublicense Sublicense
Joint patent app. N N
Y | a CeliSeriptgg Exclusive license
P
. e Sublicense
Acuitas_ il | :
Crlenged _ Sublicense i R
License Challenged g 6\ ¥4
Sublicense B&I N T C h
SN - “ ' Lawsuif

Sitratent greement to form Genevant Genevant

A‘Ei
\J \_J
Joint paten A /
uBC

Joint
patent app.

Joint patent

Lawsuit
. Allele Biotechnology
Joint patent ' Roivant s

Pfizer

Fig.8 mRNA DOFEIEREFOFY NI—J534f [18]

RERASEET, ZOADDNSRALSEFF (F(S4FFEE) 22K 2. MREIPEBORZNERT . EMHREZ
([CHOTWEIN, BioNTech #1° Moderna #HERHEMIIRIIIARZTARE (UPenn) PJUF4w>1-I0DETK
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Z (UBC) ho#kitizBALTWSIENHINET .

BAB(C(E. mRNA {Z86(CB895 Dr. Kaliko OFATcRALTIE. Moderna #t& BioNTech #tid Cellscript #th'5
IS4 REWSETEALTVWEYT [19] [20]. &H. Cellscript #t(&. FESETHS mMmRNA
RiboTherapeutics, Inc.h5HI5( > 2%Z(FTHD, 2O mRNA RiboTherapeutics, Inc.(@>IAZTK
FENSMEIAMTIAZZITVET,

Arbutus #£® LNP F#iCBILTIL, BioNTech #t(d Arbutus #HOEES#THSD Genevant Sciences
GmbH BHTIAA12UEUE [21].

UM'U. Moderna #H@EURRNERDF S, Moderna $t(d Acuitas #EWS 069 KEFOI1>>—-n58T514t
SAZFTVEUZ, LN, 20 Acuitas HEHYFFEFIE TH D Arbutus 11 MSTIUCRD, 2016 F(CS1 T R%#R
PRENFUL, Acuitas #(3I<EF Arbutus #H2TUFv>1-I0E7IMOFFIFRICHREFLELIZ. TNICHULT,
Arbutus #t(d. Acuitas #t(C(d Moderna #(C LNP %4z 851> A BEFIFRBVEREFLEL. TUT1v>
1-JO0VE7IMOFFIEF. Acuitas #1HY LNP BiffizsICHT S/ A 922 2E 1T RIRELIESEnHZ 2017
F(CHUFEUZ, 20 1 F#£0 2018 . @#HF1#EL. Moderna #HC DR ERATEZ0(E, I TIHRFEINT
WA AR EREUTE 4 TEREODIFUICIRSNZERDSNEUL [22]. 4 TEEOFMEEIDEEETAN . FELE
ON 2018 FEROTHEIOFT VAN AT ITZVIFUFTEFNTLRVNEE ZSNET,

M2 A% FEE L Kol Moderna ttHid, HEERLE1~ (IPR) FHidZBUT 069 1F52 @b LEIELE
UTzo UDU. 2020 & 7 B 23 BfFBERIL - ANBDORLSRENKFFTEE (PTAB) LHHENEL
Tz [23] o BIRZEWCE(C, IPR (CEBEMLICKERUIHEIC. Moderna i 069 4FEF(CIRALL TLRBWLEWSE
SE0FEBAEHULELE [24]. EX(ELLTFOEOTY ., [Our improved proprietary LNP formula, used to
manufacture mRNA-1273, is not covered by the Arbutus patents. Moderna is not aware of any
significant intellectual property impediments for any products we intend to commercialize,
including MRNA-1273. 1R85, BREBRDCULSIELIZON. LRERIZRUSNZHIFZWETTY,

Moderna #1h' 069 FFFICHEALLBVETERUIBEREIDNMDFR AL Ffo. BN 600 55T, 789 FFFDOLSREL
FEEF 2 HFRL THEFME(CARRINLIZ DR ERTT . UNU. MBI OEREFFEFICIKART 20 (ERIBEETY . Linde
Schoenmaker 50X [10](CBIZRENIZEHLD LNP OFERLAELINIE, 069 FFEHIEALT 2N KO TLD
EEZFT CO&IBRTLDOT . Moderna #OEG(E Pfizer-BioNTech #H(CHEHFRATATEND, BATEHI
BE CTOERIERECENDNSFETT.
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