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d7| HO|2A(Dengue virus, DENV)E Flaviviridae Bt Flavivirus 0| £5k= QIZ S2{MQl
U T RNA HIO[2AZ, BIO[2A0 ZFE e 27|10 22 Q38 a9 S 2!
A7 |88 UO7|= M= 3532 XFHQ HEN & ot

CESH E7| HIO[ZAE CHEXQI XIHSR2 0|FESDY| Aedes aegypti = S1E%27| Aedes
albopictus?t UM, A7| HIO[ZAON| 2= 7 27|0f 22§ 40| It

A7| HIO|HAN Sfet A7 |2 SEHI VIR F8 H U, YTOMRE S5 HEE, WSS
A7 |2IE2(EYRE, MAUXNT, SSEE, MotEY, AV|2H ) &2 S SHMK|

o

CifopA| LIEHAT, BfEE2= Qlo A

A7 HIO[HAE 18M|7|2 19M17 [0 SOHAIL HH0| E2LE OIFUXITL, 20M712 21417 ] A==
Qlolf & W= =RiiotHA| Cifeh SEHO| BIO|HA/F R HRES| A SOAIFS| SEHO|

HRACH ASHM 2t US

S W7IE0 2Rl XgM= EXoK| Mo, SQlE MMO2 ALL| IFAE=(Sanofi
Pasteur)7 7§25t AOr=st S8 Dengvaxia® #A10] QIOLt, 2 M0 H7|Z 20| QU
JHRIOA 2 A=, 2AE0] A Kol 2 ot B XX 0|24 T oL

o

Ofeiel He V| Hio|=ARt A7|E0| Het 7|24l Y2 UEe
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2 2M - d7| Hi0IHA(Dengue virus) -

H17|19(Dengue Fever)dt 27| HIO|HA(Dengue virus)

A9 Gl7| HiO|2A(Dengue virus) 20l st 4 G Het
HHES M3z ZE(REAE: A90.0, A91.0)
ZE2H |0 |2 ALK Flaviviridae)
o4 |HO [2 AL Flavivi
o Z2H |0 |2 AL Flavivirus)

B7] HI0|MA(Dengue virus)
(YN TUIIE RNA HIO[2{A)

Structural proteins(Premembrane(prM), Envelope(E))

HeAA =7|2EIEE27| Aedes albopictus or O0|HEZR7| Aedes aegypt), A&
« A7] HOIHMAO ZYE O) 27100 =24 4 Ff
Stz 27 o AR | < QY| HO[ZHA0 ZYE0 HHO| &&= AMHE S Al OPZHRIE7 )OI
BiO[2A MOt ks
AN - AR | 28, 885 HEL BER] S
LI 200001 B AFHOE XFEAUCH, Kx| =L LM A= 2.
HEET |7 HIO[2AL| Mot LAMA [= 7| IFXILE E= Rt AlCH(265~4202)0|
L= 0| Q2 HEZ QATRE XY
e M 10004 7 Ol =710 e, SE X|F2 == HOHF OFBH X|of|
=22 ofIx|ef X Mg 7IECE S fk 3577 I HHRR!, W8S Miloks 2717t
= 121 UM BAlel| Mz 2710 2Pt 55
sholool HRAFUC=Z Qlot =L AMIdS  2013-20194 Tt 227H, 20204 43,
20214 3%, 20223 1049
=7 5-7¢
« AVIGE AYO| Zupt CiYolL] ZBR 5 & 75% St £54, SH0| YMol= 42 URE
HIS0IM B4 52 a4 Ed 30| LEd
c Qo2 Aol A dils 2, g7, F=YI2 I
« 2A7|(Febrile phase) : YHrEo=2 2-7YU HE X|&E
c 55 OSE, U7, HEE, Wi /gAm UA VISR 37t & Tyt Bek Y
« 247|(Critical phase/Plasma leak phase) : oiE O|SRE 1~2Y(4Y) X%
* HEE9 2fKt= O] A7|0f 2=
oAt =Af . :&.‘7—@ S RE0| U= = FHENY FIZ Qo) 55 WUIgE g Vs
* 3/27|(Recovery or Convalescent phase)
* 2= Mgy EME0| OFHelE1l Ol S Z0XH =28
* 3|57| HAMS LTS LRIt BIAXAL T2 S /Y
< TH AUIE e E O 5% Hes £5 W] 4¥Es BY
c WIEEE, WAIEACE =Y
« MOILCH AOM0IN 2 EAGHH, 2 402 25 XIEXMOI L&, HI2 55, SXURSE, MUK
F, oot 29 W8N 39 FHECE MY 0127 &
* O[O el SRt CHE S0 MAGETH S5 V(8= FdEY| #1=2
AHE 27101 X= Al 1%, X=AZPH =2 42 & 20%
AlE AN, A SO0l E0| FTAH BE(Real-time RT-PCR)
= H NAZRCE Sstel X=A 810 S0 ME HEXI=7H =)
« M NAXOZ A=3lE FDA &9 #Al Dengvaxia®0| ZX5HLt OF0| 27| ZHH0| UAUE i
Of|2f QIOIIAIZE A, RAZ0| 2

71 Q87| 71K, 21 R S)

A

* ARG Ol Al 2710 =2{A| = A0
P

| 7t &8¢
, AR, 2022, [H3E] @V1€, SAEGA ZEHRAARIA, 2023, Y.
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1) 47| HO|ZA wiAl 9 X|SH| L S§

> 7| HolZA ZHESQ| uidl ALY

- oI Q7122 RSt FDA S M= Afell] IAE|S(Sanofi Pasteur)”t 7ot Hot=at
7|9t ‘Dengvaxia® 4AI0| UODH, 00 A 34 A[Z0| 213 QI Takeda HI2fC| A
TAK-003" B4l NIAID/Butantan Institute?] Met=3t TVO03/TV00S Al S0| Q

- 0|QI0il=, TDENV-LAV, V181, rDENT1, 2, 3, 4430, TDENV-PIV, V180, DENV NS1, cED
I, pNST1-tPA, TVDV, CAdVax-Den, Baculovirus—expressed NS1, MV-DEN, DSV4,
VEE-VRP &l SO YefAlel H MU St el SY

s

fou
IS

z

oo 12 o
o
o of

(7] HIOJZA HiAl Gt B

e prHsE s
TV003/TV005 Live Virus Phase 3
TAK-003 Live Attenuated Live Virus Phase 3
TDENV-LAV Live Virus Phase 2
V181 Live Virus Phase 2
rDENT, 2, 3, 4430 Live Virus Phase 2
TOEN-ply | "ectvated VIS [ e Virus Phase 1/2
vaccine
V180 80% E Phase 1
DENV NS1 NS1 Preclinical

Subunit vaccine

Consensus envelpe

ED Il —

: domain 1lI(cED 111} reclinica

pNS1-tPA NS1 Preclinical
DNA vaccine

TVDV prM&E Phase 1
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CAdVax-Den prM&E Preclinical
irus— Vector vaccine

LB NS1 Preclinical

expressed NST
Viral vector Envelope protein "

MV-DEN Precl |

vaccine domain III(ED3) reciinica

DSV4 Virus like NS1 Preclinical

VEE-VRP particles prM&E Preclinical

I

% Related clinical trials S22 978 UMAIY 3ge &1 Hi2,

Z7 : Dengue overview: An updated systemic review, J Infect Public Health, 2023. Clinical trials.gov, 2023. Xi74.

> @7| HO[HA ZHES| X|ZH AL

- QiXi, QY| BIO|2A9] SPIE X|=Hl= EAolK| W, I U= HHAR! X|2Ail= AY|E
Y & YAHMZEAM Ketotifen, Montelukast 2! SHIO|ZAKMZN ER2E= EYUBSS,
AT-752, lvermectin, JNJ-64281802, Atibuclimab(IC14), Chloroquine, Celgosivir, Melatonin
S Ok 24 1724 A0 SIE1T UZ

- 0]0] Modipafant, Dengushield, AV-1, Zanamivir, Balapiravir, Dexamethasone, Lovastatin,
Single donor platelet transfusion, Recombinant human IL=11, Prednisolone, Carbazochrome
sodium sulfonate S0| &7| HIO|ZHA X|ZHZ AL JUS

(7] Ho[2{A X|ZX| HF7HL 248

Carbazochrome sodium DOI: 10.1016/S0022-3476(97)70055-6

ro

sulfonate

Chlorogquine Phase 1/2 DOI: 10.1371/journal.pntd.0000785 | NCT00849602
Prednisolone DOI: 10.1093/cid/cis655

Balapiravir Phase 1 DOI: 10.1093/infdis/jis470 NCT01096576

Recombinant human IL=11 -

Single donor

platelet transfusion DO 10.1159/000354837

Celgosivir Phase 1/2 DOI: 10.1016/S1473-3099(14)70730-3 | NCT01619969

DOI: 10.1186/1745-6215-13-203

Lovastatin DOI: 10.1093/cid/civa49

Zanamivir Phase 1 - NCT04597437

.7
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Dexamethasone Not Applicable NCT05631405
NCT05366439,

AT-752 Phase 2 - NCT04722627,
NCT05466240

Modipafant Phase 1/2 - NCT02569827
NCT05048875,

NCT05201794

JNJ-64281802 Phase 2 - Nngigg 6920:
NCT04480736

NCT03432442,

lvermectin Phase 2/3 - NCTO2045069
Atibuclimab[IC14] Phase 2 - NCT03875560
EYU6S8 Phase 2 - NCT06006559
Montelukast Phase 2/3 - NCT04673422
Dengushield Phase 1 - NCT03883620
Melatonin Phase 2 - NCT05034809
Ketotifen Phase 4 - NCT02673840
AV-1 Phase 1 - NCT04273217

£X : Dengue: A Minireview, Viruses, 2020. Inhibitory Potential of Chromene Derivatives on Structural and Non-Structural
Proteins of Dengue Virus, Viruses, 2022. Clinicaltrials.gov(2023.9). XH7-4.
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(1.1.2-e) CHSFHM(Polysaccharide)
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(1.2.1-a) Q5 MZH{(Mammalian cell culture)
(1.2.1-b) E=M|EHIK(Insectcellculture)

(1.2.1-c) BiE|2|0tM|IZLE] 2 (Bacterialcellculture)
(1.2.1-d) 22MEHIUK(Yeastcellculture)
(1.2.1-e) Al2MZHIKPlantcellculture)
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M Bk (cell culture)

(1.2.2-a) 2 2S(Large-scale fermentation)
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(1.3.1-c) QEXHELA|IAL(GeneDeliverySystems)
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10-2015-7020897 | 2014-03-12 | 10-2389908 | 2022-04-19

Vaccines against multiple subtypes

) S 14/775069 | 2014-03-14 | 9987347 | 2018-06-06
of dengue virus

Bl-7E Eio| o2 Dy )|

HiO|24A 7|02t Z2|0ILED & 0]9
3 | KR 27| BOJZIA 20 Tt Dioiel S | 10-2017-7001998 | 2015-06-22 | 10-2557390 | 2023-07-14

[EEL N L i)

THEOMO B
4 | US Flavivirus virus like particle S 14/850399 | 2015-09-10 | 10098943 | 2018-10-16

Recombinant subunit dengue virus

5 | US _ S | 14/861425 |2015-00-22 | 10137187 | 2018-11-27
vaccine
Methods and compositions for
. o
6 | ug | recombinant dengue viruses for | ol e o000 | a01511-02 | 10398768 | 2019-CO-

vaccine and diagnostic
development

Dengue tetravalent vaccine
containing a common 30 nucleotide
deletion in the 3"-utr of dengue
types 1, 2, 3, and 4, or antigenic
chimeric dengue viruses 1, 2, 3,
and 4

S 15/710672 | 2017-09-20 | 10837003 | 2020-11-17

Methods and compositions for

8 | US , , S 16/105346 | 2018-08-20 | 10870682 | 2020-12-22
dengue virus vaccines
9 | US Tetravalent dengue vaccine S 16/211564 | 2018-12-06 | 10815280 | 2020-10-27
Devel f i
10| yg | Development of dengue virus 1o pi10980 | 0000625 | 11332722 | 2020617
vaccine components
1M | JP B S | 2021-191104 | 2021-11-25| 7333373 | 2023-08-16
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Dengue virus vaccine with
weakened antibody—-dependent
enhancement effect

2022-10940054

2022-08-05
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CN

Dengue tetravalent DNA vaccine
and application thereof

2022-11233534

2022-10-10

14

CN

Dengue tetravalent mRNA
(messenger ribonucleic acid)
vaccine, liposome nanoparticle as
well as preparation method and
application of liposome nanoparticle

2022-11237398

2022-10-10

15

EP

VACCINE COMPOSITIONS FOR
THE PREVENTION OF DENGUE
VIRUS INFECTION

2013-741748

2013-07-24

2877208

2021-065-12
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KR

d7| HIOlHA i 8=

10-2015-7015833

2013-12-16

10-220375
9

2021-01-1

17

us

Dengue virus vaccine compositions
and methods of use thereof

14/898515

2014-06-17

9861692

2018-01-00

18

us

Vaccine compositions against
dengue virus diseases

15/507952

2015-09-02

10946087

202108316

19

us

Dengue virus vaccine compositions
and methods of use thereof

15/536319

2015-12-18

10449243

2019-10-22

20

usS

Stable vaccine compositions
comprising inter alia live attenuated
recombinant flavivirus and process

for preparation thereof

16/756227

2018-10-10

11660333

2023-06-30

21

us

INFECTIOUS DISEASE VACCINES

17/737532

2022-05-05

22

CN

Tetravalent dengue inactivated
vaccine

2022-11295953

2022-10-21

23

EP

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

2018-163324

2013-02-15

3348645
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Immunization compositions and 14/251970 | 2014-04-14 | 10143741 | 2018-12-04
methods
AHZTS RNA = DNA HIO[2AS
26 | JP RESHS o 2015-049625 | 2015-03-12 | 6174066 | 2017-07-14
Chimeric poly peptides and the
27 | US | therapeutic use thereof against a 15/409210 | 2017-01-18 | 10227385 | 2019-03-12
flaviviridae infection
Compositions and methods of
28 | US |vaccination against dengue virus in 16/093385 | 2017-04-13 | 11007261 | 2021-06-18
children and young adults
29 | KR | 97| BORIA WA KMZ0] FF 10-2000-7019204 | 2018-12-C3 10_2f9465 2030127
D ' it d d
30 | ug | oo vacelne i €ose an 16/295611 | 2019-03-07 | 11464815 | A22-10-11
administration thereof
D . .
31| ys | Denoue vaceine unit dose and 16/561953 | 2019-09-06 | 11590221 | 2023-00-28
administration thereof
32 | ug | Metheds and compositions for five 16/692488 | 2019-11-22 | 11197923 | 2A21-12-14
attenuated viruses
Methods f '
33 | ys | Methods for preventing dengue and 16/809268 | 2020-03-04 | 11426461 | 20220830
hepatitis A
Compositions and methods for
34 | US |stabilizing flaviviruses with improved 17/062923 | 2020-10-05 | 11701421 | 2023-07-18
formulations
METHOD FOR REMOVING HOST
35 | EP CELL DNA FROM VIRUS 2021-712386 | 2021-02-26
PREPARATION
%6 | CN DENV-4 full—lehgth infectious clone 2021-10790056 | 2001-07-13
and construction method thereof
=it R HES RSk= HO[ZA 10-242956
37 | KR WAIR BICIZIIT| TAS 10-2022-0014471 | 2022-02-03 4 202-08-01
COMBINATIONS OF FLAVIVIRUS
PROTEINS, PEPTIDE SEQUENCES,
17/841267 | 2022-06-1
38| US EPITOPES, AND METHODS AND /84126 022-06-15
USES THEREOF
Pseudoinfectious flavivirus and uses
39 | US 13/561002 | 2012-07-28 | 9273288 | 2016-08-01
thereof
Methods of using a vaccine
40 | US | composition containing synthetic 13/599695 | 2012-08-30 | 8609114 | 2013-12-17
adjuvant
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41 | US Vaccine nanotechnology C 13/844100 | 2013-03-15| 9474717 | 2016-10-2%
ANTI-DENGUE VIRUS ANTIBODIES
42 | EP AND USES THEREOF C | 2013-827926 |2013-07-25| 2882453 | 2021-01-(6
DNA anti
43| Us antioody constructs and || 5103970 | 2014-12-13 | 10087240 | 2018-10-02
method of using same
PICHINDE VIRUS REVERSE
44 | EP | GENETICS SYSTEM AND METHODS | C 2015-772173 | 2015-09-22 | 3198008 | 2019-06-29
OF USE
45 | JP 71 HOJES SA SIHNENS 1 S C | 2017-513061 |2015-09-30 | 6732736 | 2020-07-10
2 X2t Qs REA|
7| HIO|HA =X AMKZEAS] 1=
46 | JP oo C | 2017-537374 |2016-01-15| 6830438 | 2021-01-28
TT-
Human monoclonal antibody with
47 | US | specificity for dengue virus serotype | C 15/170838 | 2016-06-01 | 10294293 | 2019-06-21
1 E protein and uses thereof
48 | JP RNA Xt ZHZ9| HI&H e C | 2018-532466 |2016-12-22 | 6949845 | 2021-09-27
h h ificati
49 | g | Chromatography based purification |y gin6arn0 | 011223 | 10894079 | 2021-01-19
strategies for viruses
50 | US Virus purification C 15/781959 | 2016-12-23 | 10660950 | 2020-06-26
A7 B0|HA =X AXM=AQ X|=t
51 | JP ol=al o C 2018-550545 |2017-03-31| 6970115 | 2021-11-01
52 | JP S7HIOIRS SR SRNEAS Rt C | 2018-550333 |2017-03-31| 6931357 | 2021-08-17
’ oS8l Qe
S-A7| HIO[2HA A, HOIX Fe
53 | KR | 92 &fqote SSHEOIE H AKE | C | 10-2019-7009118 | 2017-09-15 | 10-2301948 | 2021-09-08
e
54 | US | Full spectrum anti-dengue antibody | C 15/868328 | 2018-01-11 | 10519220 | 2019-12-31
Att t ‘ ful f
55 | US enuated viruses useful for | | 1g /036318 | 2018-07-16 | 11162080 | 2001112
vaccines
MHC class | associated peptides for
56 | US prevention and treatment of C 16/957931 2019-01-04 | 11690904 | 2023-07-04
multiple flavi virus
57 | JP SIHIOIAA =X SHHZNN 1 £ C | 2020-071412 |2020-04-13 | 6898493 | 2021-06-14
2 X2t Qs REA|
METHOD FOR DETERMINING THE
58 | EP POTENCY OF ANTIGENS C | 2021-725278 |2021-03-19
59 | KR TEY Y o 3 Al C | 10-2022-703818 | 2021-04-05
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COMPOSITIONS OF CARDIOLIPIN
60 | US | ADJUVANTS AND METHODS OF | C 17/324752 | 2021-05-19
USE THEREOF

Recombinant virus containing
degradation determinant as well as
preparation method and application

of recombinant virus

TARGET SEQUENCE OF RNA
62 | US VIRUS AND USE THEREOF C 17/453574 | 2021-11-04

Pharmaceutical composition and
application thereof

Jm

ol M2 24 - 87| HI0l24A(Dengue virus) -

61 | CN C ]2021-10923852 | 2021-08-12

63 | CN C 12021-11491754 | 2021-12-08

Method for simultaneously inducing
64 | CN | immune response against multiple | C | 2021-11597361 | 2021-12-24
viruses

Heat-resistant polymer protein
scaffold and application of
heat-resistant polymer protein
scaffold in vaccine

65 | CN C |2022-10345996 | 2022-04-02

Freeze—drying protective agent for
nucleic acid-lipid nanoparticles as
66 | CN | well as preparation method and C 12022-10438888 | 2022-04-25 | 114557971 | 203-06-23
application of freeze—drying
protective agent

ATTENUATING VIRAL MUTATIONS
67 | US IN PROTEIN GENES C 17/737991 2022-05-05

Recombinant adenovirus vector
68 | CN | vaccine inhalation administration C 12022-11589718 | 2022-12-12
delivery system

69 | US EFFICIENT VACCINE C 18/067358 | 2022-12-16
70 | CN Fusion protein vaccine C 12022-11743150 | 2022-12-30

COMPOSITIONS AND METHODS
71 | US | FOR STABILIZING FLAVIVIRUSES | C 18/113193 | 2023-02-23
WITH IMPROVED FORMULATIONS
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2ROIE|0, The United States of America, as represented by the Secretary, Department
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Takeda Vaccines, Inc.
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ARMY, P_R_ OF CHINA
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Takeda Vaccines, Inc(US),
) SRR THE GOVERNMENT OF THE UNITED
23S | KR 10-2389908 B1 (2022.04.19) e STATES OF AMERICA as represented by
B THE SECRETARY OF THE DEPARTMENT
OF HEALTH AND HUMAN SERVICES(US)
Takeda Vaccines, Inc(US),
z200] THE GOVERNMENT OF THE UNITED
£2HsS | 10-2015-7029897 (2014.03.12) (%"; STATES OF AMERICA as represented by
B THE SECRETARY OF THE DEPARTMENT
OF HEALTH AND HUMAN SERVICES(US)
NEfe | S2 VI | 20300312
R I (OlherRY o
Iz z| =27t KR us EP JP CN
=7t 2 (P5=7PIE) | 52 | MAE | 52 | =2 -
s | S A 1.1.1-a
2 YT 20z A7 | BIO[A FIRM| I of=at WY| HI0[2AS] ZEE, 85 3 MAYHS MEs6Ht
29f U= FR0= 47F A7| HO[HA E=S Teloks S0 2ot 0K, [0 SFIZIX| OHSHC}. O
TRAOOIN, ZEEES St Oyl JY| HIO[HA -, Ol A71-1(DEN-1) HIO[2A, A7|-2(DEN-2)




m. el S0l S

BlOJ2iA, H71-3(DEN-3) = H71-4DEN-4) BOJ2IAS] TEHS E32 4 C). T2 Aslojol, 2
SO0 JHNE TEAE ERES MEOA O[ojM AHYE 4 QUL E 4 9l it Ojel &)
HIOJZIA TR0 TSt HAS WMAP|Y| o ZAR0| HRE 4 Tk

L= co=2 T

1. HYE Mor=3Hlive, attenuated) H7|-2 Hfolﬂﬁ mF PDK-53 E2HEIE XIS %@i}éfﬁ =)=

SUCEIC SX2A, 47| B2ALBYQEIC 2R HAMS 4 T HAMS 142 BAE= 232
QE|C 2X}

2. 78 10| 2 B232QEIC 2X0| O YSaiT BAVEIS 2X,

G 474 10] 2 B BULCIC BAR IASi WHE WOISH 9|2 ORIA 25 PDK-53

4. B7E 10 G2 B2rS2AQEIC BX, H7g 20 M2 BRAMEIS B, T= 7S 30| B2 7|2
OleA o OIEOR BRI SN BRI, N Lol I BlOJRIA Chet i) Hi2E
RESY| 9IEt oSis| £42

I'T—r—EﬂIEP_EIE A= EAIEIE 304% dot=st A7|-2 Hi0[4A w3 PDK-63 3
Cl

8. ’S-TL%* 701 9,101A1,
W-1/471-2 7|02t Z2HEIEE Y2sfols 2elw2QEIE ZAZ BAR= &7-1/471-2 7|H2tE

TR FII2 Zafotd, 47| WI-1/471-2 7|n2t 22 I’EJEIE% US3IolE ELFSURQEE BAts MEHS
1 e MYHS 1302 HA|D= HAYM M2
9. Mt 70l U0,
|7|-3/47|-2 7|n2t E2HEISE YSstole ERiRSRQEIE EXIR BARE dY|-3/47|-2 7|Hi2tE
F74E HElol, 47| W7 |-3/471-2 7|2t ZR[HEIES USsiohs ERIRSUREIE A AEHS
7 = NEHS 162 BACs HAYY Z4E.

10. H7E 701 A0,

W7|-4/471-2 7|H2t E2HEIES YSsIcts EElR2UREIE BXE BAlEE A7|-4/47]-2
7|H2IE F712 Z3lotd, 47| A7 |-4/47|-2 7|02t E2HEIEE Ssltls 2RiRSQEE Bt
MNEHS 10 = MEHS 1602 BAlDE HAYAN TME.

11, Z7& 701 ANA,

7| ZEEE 409 BE HY| HIO|2A EHH(serotype)S 2ROIE 471 ZEEQ! HAMY XY=

(UF| L)

« 2 5of= 47| HIO|ZHA FAXA & 0]9] WA ZHE0 2ot AC=Z, TS XM[olAl= oibt 014l T
2| HIO|HA FHY R 71X RUAIRt Of=at QY| HI0[2A HES JiX= 7|02t &Y| Hi0[2A XS
elok= 7101 et Ay

* ofLfe| A7| HO[HA MO 2ot ZH2 T2 3719 &7| Hio[2{A °‘7S°*01| olgt 2Xt HE2 oL
oI, CHE 0Nl ofst 2Xt 2P| M2ist HeDHF/DSS)2l 371 fIs =dist= 2HE0| AUS0
M2} SOOI BHAL 70| QE|RIDHF: Y7| £ (dengue hemorrhaglc fever), DSS: 7| &3
57 (dengue shock syndrome))

Sof Ui

(UFo| )
. % Eoi9 Y 12 HHE Mot=st HI|-2 Hio|2A 73 PDK-53 E2HEE BXE Usstol=s &2
F2EULEE ZXE FTolH, 7| ER2UAEE EXs MEHS 4 = MEHS 142 BAECD
7|xr|oﬂ USMEHS 4= Y7 | HIO[A S 2 BVSS| DNA MY, AMEHS 14 7| HO[HA SHHS
2 MVS2| DNA AZ)
Eo{0ll JHAIE HYE PDK-53 HIOIHAE REol7| ffof HIEEM Ottt X2 = 722QEE
[etS diwoh= DEN-2 HIO[ZAS] Ai=0| 7= ME2 ARBECD Sigotl UZ
Sof0 MEH Al 5= 59| WY| I3, J150| AltiHiYE XS St A7] M2 ¥ 150
AlCHEHYE Si=2] HEO| SJa B7|ECH tgotl Lo, 0[0] ek DEN-2 PDK-53= PDK M|ZZO0jAf

y r;E

re

.—
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20231 AUZF ZEY WA R&D A 2k 2M - |17 HI0I2A(Dengue virus) -

533] ACHHYE 7| SHH 2 OPYY HlOlRIAYS o 4 U
78 72 BT 101 7S HHE MOISat 712 HOlRIA 5 PDK-532 HEls Pioieky T4
(HA)S FToHT %
B3 8, 9, 102 212H 971-1/271-2 7I0i2t, W71-3/%71-2 F|R, H71-4/471-2 7I2iS F712
TSI oYY T42S mow S

2 So{0f M2 AGHS 1 EE 132 37] HOI2A BHF 1 BVS EE MVS| DNA A, KZ#s
7 L 152 97| HojeiA B 3 BVS = MVSS] DNA A, AEHE 10 E 162 H7] Hojaia
SHH 4 BVS = MVS2| DNA ME0[2t 7[M=0] RIS, MVSE OMAE HIO[ZA AE, BVSE #iAE
EERCENN= T

2 So{0jke) st 7 DRk %712 HORIAY| BRIQEIS AYe] YRS Tifsls st U V12 B
-2 HIO|AY| FBRREIS AU SYUst 7|20] OF H2AEIE AUS Ffole 2 o] AR
o|n[g, 0[0f [} t=at W7|-2 HIORIAS TI5E SAS JHKIBIA, DEN-1, DEN-3 Ei= DEN-42
TEE T2 Z2HI0[2IA TE QAR MNZO| BN OIEDS LY 4 US

k=2
=

G2 HA0 UR)
* DENVax2Q| 2 =3t SUKAIZIE 2250, DENVax MVSE H|IZ5H¥S. MVSS %11751 2 BN
SHPN U AWS So o] S0 Tiolo] BRI sl RRsks %2

* 012, MZ=E M22 dof=st Bj0[2A9h OH0| 2dE Yot=st 7| HIO[HAS

n:ﬂll

S==
ol
PN
TSI AS2T TOOC  C2055T  Ggsion  CHIST  Asiios ToC GES99C CEI1T
HH® AT B2 A 1A AUNCR pM-D2OV M (silent)  E (silewt) N53-O53D NS2A-L181 NS3-ESS0V  NS3 (silent) NSA-OTIA  NSS {silenl)
166561 EEEEERER] 3 A T C G ] A 5 [
DENV:2 PDK-53 166812 PDK AIZ 2 T I - t A LA muix ® C t
“ PDKS3-VWISR) TE S POK-53-V T T c " T e c €
POKS3-E(VEAER) T E S POK-53-E T T c : A 1 A < c c

YT SN0 POKSIZ| DT I EQH ASH FR
FE EE:POKSI M0|T HE (166312569 W
2 2E POK-G3 W BE-REE VEE EU0I212 AOIZ| H0I2 nt 4T
“EAE POK-53 Y MELH (RE-RSE) UIOIZAS F2AF0| HE HBE NUHE 2 0B

-2 HIO|MA FZ PDK-53 Z2HEE 2Xpt &Y dsts &
iE NEHS 149] 22|23 QE|E EX0| Ofs YSsHE.
EHS 14= AH Y 2 551 KR 10-2389908 B19|
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“ Lo caggcagaga tatcaggasg cogtccantc ctgtcaatas caatatcaga agatggtage 1380
<211> 723
<21z DA
215 Artificia I atgicgataa asaatgeaga ggeagaacas acacigacca tactcatiag sacaggatig 1440
IS Dengue virus serotype %, BVS Ctgmtgatct cagEActttt LCCLELatca StBCCAAtcn CEECAECAES AtEELAcCtE 4500
<ot 4 tgEgacgtga agasacascg geccggagia LigigEgatg tleettcace cocacccatg 1560
agtigiiagl ctacgiggac cgacaasgac agatictiig aggagctas gctcaatgta 60 SEARGESCLE GACIRERSRS LESSECCISU SEASfISSEC sasssmsEmi fertgmatar e
b ameas fELiaatt az c tetctgatan ot - 190 tcccagatcs gagccmEagt blacassgas ggascallcc alacastgte gcatgicaca 1680
Sle cetgEcgcts tictasigca tasaggsssg aggatigaac calcalgEEC EEacstcaa 4740
SICIIPSTT) sosuncacse clitcuntal getgasocse gagagaaoce peptptegse (gigeacay 10 | SURSHSUE HLCHAME Lanmimasug st 1 e e oo
aaagacctaa tatcatatgg aggaggeigg aaghiagaag gagastggaa ggaaggagaa 1800
ctgacasaga gattctcact LEESStgctE CAEESACEAE EAccattasa actgticatg 240
gaagtccage tattgecact ggagcctgga sassalccas gagecgtcca sacgaascct 4860
BecctgEtgE cgttccttcg tttcctanca atcccaccan cagcaggEat attgaagaga 300
gEtctttica asaccaacge cggascaata ggigeigial cletggactt tictcetgga 1920
tggogascas ttasasastc SEAsgCtatt Satgtttigs GRAEEttcag gRaagagatt 360
acgtcaggat ctccasttat cgacsaanss EEARSAgtif 1ERETCTTta tEEtaatggt 2080
tgRacatctt gastaggaga cECAgALCLE atgat cattatEcte 420
gttgttacaa ggagtggage atatgigagt getatageee agacigaaaa sageattgaa 5040
attccaacag tgatgecEtt ccattiascc acacgtaacy gagasccaca catgatcgtc 480
tgacattite gactgaccal catggacctc 5100
agcagacaag agasagggea sagtettctg Gteasacag agettiggegt gaacatgtgt 540
cacccaggag cgRRasogac gangegatac cftccgRecs tagtcagaga agotatasaa 5160
accctcatge cCAatgEAcCt TENtEAstiE LEUEAAZACAE CAAtcACEta CEAEtgtoce 600
CEEEEtttga gaacattaat CIEECCCCC SCTAAEILE 1EECAECIEA AatEEAZEAA 5220
cticteagge agaatgegee agesgacata gactgtiggt geaactctac gtccacgtge 660
geccttagag gacttccast Segataccsg AccoCagecs 1CIgAEctEl ECAcAaccEER 5280
gtasctialg ggacgigiac caccalggea gascatagas gagassasag atcagtggea 720 cogpagattg tgEacctaat gigtcatgce acatilacca tgagectgel atcaccagtt 5340
ctegticcac atgigggaal gegactggeg acacgaactg aaacatggal gtcatcagaa 780 agagtgceaa actacaacct gattatcalg gacgaageec atilcacaga cocageaagt 5400
gEEEccigga aacatgicea gagasttgea actiggatet tgagacatce aggettcace 240 atagcageta gapgatacat ctcasctoga gLEEagalgy ElEaggeage tEEEAtitit 5460
atgatggeag caatcctgge atacaccata ggeacgacac atitccasag agecctgate 500 SUEACAFECA CLSCCCORRR SAECSEASSS CCRUEIOCLC Sgamesste sccasteats s
- ¢ < cteg tggaaticcg gac t tcacggat 5580
ttcatcttac tgacagctgt cactcctica atpacaatgc EtCgCatag aatgtcaaat 60 gabEaRgaan gaaasions teancacion temmnlieos mmeatesate meteacsss
tttasagEea mgactgtitg gitcgttcca agtatasasg caggesatga tatageagct 5540
agagactttg tESSAgEEEt tLCAEAgEA SECLEEELLE ACALAETCIl agaAcatgEa 1020
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agetgiglga cgacgalggc assssacasa ccaacatige atibtigeact gatasasaca 1080 gaanaggtge atgccattga tggogaatac cgeligagag gagaaprasg passaccttt 120
paagceasac agectgecac cctasggeag tactgtatag aggcssaget saccaacaca 1140 gtagacttaa tgagasgagg agacctacca giciggttge cctacagagt gEeagetgan G180
ctegetgeee t 1200 gEcatcaact acgcagacag aaggtggtgt tttgatggag tcaagaacaa ccaaatceta 6240
aggttcgtct grasacactc catggtagac agagpatgege gasatggatg tggactattt 1260 gaapaasacy tEgaagttga astciggaca AaspasgENE AAAgEAAgad attgasacce 6300
aagEgag goattgtgac ctgtgetstg ttcagatges asaspgascat prasggasas 1320
= © EratiEtEac clEtpeiate thessates . Fennes agatggttege atgetaggat ctattctgac ccactpgege taaasgaatt tasggaattt 6360
gtigigraac cagaasacii ggeatacacc atigigatas caccicacic aggggasgag 1380
geagceggaa ga@agtctet gaccotgasc cteatcacag sastpeptag prtcceasce G420
catgcagtcg gaaatgacac t 1440
ticaigacic agaaggcesg agacgcactg gacaactiag cagipcigra cacggeigag 480
tccatcacag asgcagsatt gacaggttat gEcactgtes caatppagtg ctctccasga 1500
acgggecteg acttcaatga gatggtglty cigeagatge asaatassge ttggcetggty 1560 ccapgtggaa pEEcgtacaa ccatgctctc agigaactge cggagaccet peagacattig 540
cacaggcaat toctaga cotgocgita coatggtige oo 4 CAcAcASEER 1620
st - BeeE BELIES CCmERCRR cttttactga cacttctgge tacagtcacg ggageEgatct ttttattctt gatgagegea G500
tcasatigga tacagsaaga gacatiggic actitcasaa atccccaige gaagaaacag 1680
aggEgcatag EEaagatgac ccigEgastg tgeigeataa tcacggctag catoctocta G560
gatgtigtig ttttaggate gccatgeaca cageactta 1740
tggtacgeac saatacagoe acactggata ttcas taatectgga gttttttcte 6720
gaaatccaaa tgtcatcagg aaacttactc ttcacaggac atctcaagtg caggctgaga 1800 Bgtacge agc L geage EEa B
atggacasge tacagctcaa aggastgtca tactctatgt goacaggasa gtttasagtt 1860 atagtitige ttattccaga acctgaassa Cagagaacac CoCAaBgacad ccaactgace 6780
tacgtigtca tagecatect cacagtggtg gocgeaaccs {ggcesacga gatggmttte G240
gtgasggaaa tagcageaac acaacatpgga acsatagtia tcageagtgea atatgasgEg 1920 ctagaaaasa cgaagasaga (ctcggatig ggasgeattg caacccagea BCCCEAZREC G200
Bacggctete catgcaagat Coctttigag ataatggatt tEgasassag acatgrotta 1980
EEtcpcctEa ttacagtcaa cocaatigty ACAEAAsAsg atagoccagt caacatagaa 2040
aacalcclEE Bcatagatcl BCELCCIECA LCBECAtEER CECLERAlEC CELEECCAca G960
catttggaga tacatc ag] acaactgaag 2100
cteamctggt ttasgsage asgttctstc meccasatmt tgmpacsac astEaREEER 2160 acattigtta caccastgtt gagacatsgc atigsasatt cctcegtgaa tetgteccta 7020
gegaagagas tggecatill agmtgacsca gectgggalt tiggatccll gegagssglg 2220 acagctatag ccaaccaage cacagtgtta atggEtcteg gpassggatg pceatigtea 7080
tttacateta AEEABAREC 1CICCAcCRA ELCLUIEEAE cAalCLatge agctgectic 2280 aagatggaca tcggagttce cottctcgec attggatget actcscaagt caaccecata 7140
ttecaaccag astecccttc asaactaget teagetatee agasagecea tgasgaggac 2580 actctcacag cagetttttt cttattgeta geacattatg ccatcatagg gecaggactc 7200
atttgtgzaa tecgetcagt ascaagactg gagsatctga {gtggesaca sataacacca 2640 agctoag: cggEcatcat gaasaaccea T260
gasttgaatc acattctatc agaasatgag gigaagttas ctattatgac aggagacatc 2700 actgtcgatg gaatascagt gattgaccta gatccaatac cttatgatce ssagtttgaa T30
aagcagttge gacaagtaat getcctagic ctotgogtga cteaagtatt gatgatgagg T80
aaaggaatea tgeagpeagg assacgatct ofgeggeete ageccactga getgaagtat 2760 actacatggg ctctgtgtga gEctttasce ttagetaccg gEcccatcte cacattgtmg 7440
teaigganaa calgeercaa agraaaaaig clciciacag agicicaiaa ccagacciit 2820 gaaggaaale cagmmaghl L logascect accallacmy Lalesstane taasaliiil s
agagEgagit actigEccgg sgeiggacit ctcitttcta ttatgaagaa cacasccaac TI60
cteattgatg gocecgasac ageagaatge cocaacacas atagagettg geattegttg 2H80
acasgaagge gaactggeaa calaggagag acgctiggag agasaiggaa sagccgatig TE20
gaagttgaag actatgectt tpgagtatic accaccaata tatgectasa attgaaagaa 2940
aacgcattge gasaaagiga attccagatc tacaagaaas giggeatcca ggaagtggat TG0
asacaggatg tattctgega ctcasaacte atgtcagogg ccatasasga caacagagec 3000
agaaccttag cattasasga tgtgtegega TTAD
gtccatgecg atatgeetta tiggatagaa agigcactca atgacacatg geagatagag 3060
aaagcetett tcattgaagt tasasactge cactggocas aatcacacac cotctggage 3120
EEctcagcaa aactgagatg pticgttgag agsaacatgg tcacaccaga agpgsasgts Ta00
Elggaccicg giigtggcag sggagEcigg tcatactati giggaggact saagsatgtas TE60
aatggagtge t gatgataatt ot e agtgtcteaa 3180 aaggectaac ccccatgtea 920
Ccacasctata EACCAEECta CCATACACEA AlABCAREAC CAtggcatct BEEtaagett 3240 acatategt gEmatctagt gegtcttcas agtggagtty acgttttctt catceegeca 7080
tggact ttgatttctg tgat tggtag tgact, t it 3300
FARRLERACE FIRRIEECIE LERIRRARcs acspiastap lpactpsass cpcgsess gaasagtgie acacattatt gigigacata gegpagtcat caccasatce cacagtgzaa 2040
agaggaccel clllgagaac seccactece Lelgganaac caloacags ol electes e Ecaggacgaa cactcapagt ccttaactta gtageasatt ggttpsacaa caacactcas 8100
cgatettgea cattaccace getaagatac agaggtgagy atgestpete stacgeeaty w0 tittgeataa aggltctcaa cocatatatg coctcagies tagassssal gpasgeacta 8160
gaast cagac CallgasgEa CRRAEAAEAE 3atttEEtca actccrtggt Cacagctgpa 3480
catgggeagg tcgacaactt ttcactagga gtcttgggas tggeattgtt cctggaggaa 3540
caasggaaat atggaggege cttagtgagg aatccactct cacgesacte cacacatgag 8230
atgtactggy tatecaatge ttccgggaac atagtgtcat cagtgascat gatttcasgg 8280
atgcttagga cocgagtagg sscgaaacat geaatactac tagttgcagt ttcttttgtg 500 atgttgatea acagatttac astgagatac asgasageea cftacgagee gzatgltgac 8340
acattgatca cagggaacat gicctitaga gaccigggas gagtgatggt tatggtaggc 3660 cteggasgeg catcgggatt agatataatt 400
gocactatga cggatgacat aggtatgggce gtgacttate ttgecctact ageagectte 3720 ¢ catgecacta tgaccasgac 460
sasgicagac caacttttpe Sgetggacts CLCtigagan Setgacctc Caaggaatty 3780 cacccataca saacgiEgEc ataccalget ageiatgass cassscagac (ggalcagca 8520
atgatgacta ctataggaat tgtactccte teccagages ceataccaga gaccattictt 3240 teatceatge tcaacggagt gEicagecig cigecasasc ciigegacgl cglocccatg 8580
Eagttgactg atgegttage Cliaggeatg atggtcctca aaatgEtgag aaatatggas 3900
sagtatcaat tggeagtgac tatcatggct atctt teccaaan tgatatta 3060
& ERCAELE BEe Btece ES ELE Etgscacaga tgEcastgac agacacgact ccatitggac aacagcgegt ttttaasgag H640
@aagtggaca CEAagABCcCa AgRAccgana EABEECACga agaasctaat gaasataaca 700
caasacgcat ggaaagtgag tigeacaata ttggeagtge tgtecgtttc cccactgtic 4020 gragagtgec ttiggesaga attagggasy aassagacac ccaggatgtg caccagagea 2760
ttagcatect CACAZCAEAA BBCARALIEE Alaccattag caltgacgat casaggictc 4080 gaaticacaa pmaagptgag sapcaatgca gocttgEeEse cogtattcac tgatgageac 2820
astccaacag ctatttttct sscaaccctc tcasgaacca graagassag Eagctgpcca 4140 asgtggasgt cEEcacgtga EEcigtigea gatagtaget tttgegsect gEttgacaag sa80
ttasatgagg ctatcatggc aptcEEEatg gLEagrattt tagecagttc tetcctasaa 4200 gaaaggsatc tccatctiga agpasagtpt gasscatgte tetacaacat gatgegassa B3040
aatgatattc ccatgacagg accattagtg gctggagegc tcctcactgt gtgctacgtg 4260 agagagasga BEclagggpa aiicggcasg geasaaggca gragagccal atggtacatg 9000
CLeactgEac gatcgEccga tiigEaactg gagagagcag cogatgtcaa atEEEAsgac 4320
tggcttggag cacgettott sgagtttgaa gecctaggat tottasatga sgatcactgg 9060
ttetccagag agaactcoet gagiggagtg gasgEagaag gEctgcacaa gotaggttac 9120
attctaagag acgtgagcaa geaagagpga ggegeaatght atgocgatga caccgoagga 9180
t gaatcacact a amatggtaac asaccacatg 9240
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gaaggagaac
Btgcgtgtee

caaagaggta

caactaatea
acagaagaaa
atgeccatea
ttascagetc
agageatgea

atgasagace

geecgaatet

tacgeceaaa
gctatttget
catgetaaac
attcaagaaa
tacttgggga
accigggeas

gaatacacag

gtictgtgt
catagtacms
gEccateata
tgtaasgaat
Egt tagagga
agetgtagte

catattgace

gaacgccaga

acaagasact
saagaccaac

etggacaagt

gacagatgga
tegetgtgea
EtgEagatga
taaatgacat
atgattggac

gtegeptact

ccoaaggage

tgtggagctt
cEgcagtace
atgaatggat
acccatggat
BAAgaERAga
agaacatcca

attacatgee

agaaagcasa
saaaasctat
aatgecatag
CCRRERERCT
gaccectcee
tcgctggaag

ctgEgasaga

Baatggeatg

sgccgaggce abiftcaaac
BCCAAZAEES ACREAALEE

tgpeacctat gEactcaata

EEgagaagga glolttasas
BEGCTEELIA ECRARRELEE
ttotgttEty aascctttag
Emgasagali aggeaagaca
BeaAgtgcee LLetgtteac

cpttgttoea tgtagasace

agEEtEEtct tUECEEEAga

gatgtaciic cacagacgeg
atcacattgg gticcaacas
gacaacgpaa gacatgeigs
£EBAEACARA 8ClCCAEEE
ccaatggtec gectcattga
agcageasta satcaagtia

atccatgaea agattcagaa

actaacatga sacasgEela
Ectacctptg agecccgtoc
cttgagtsaa ctatpcagec
acaaaccatg gaggctgtac
ttacasatcg cagcaacaat
EaCtagage! tagaggagac

ceagagatee tgctgtetec

EIECLELEA atcascaget

tascgtacca
acatcatate

ctttcaccaa

grat teagea
EBCECEanag
atgacaggtt
tacascaatg
accattteca

aagatgaact

cggectEttt

acctcagget
gtegascaac
cagtctggaa
aatcatgega
ttgget taac
gatcccttat

‘BAgaagaged

gasgtcaggt
aaggacgtta
tgtageteca
ECatgecgta
EEREECCCaa
ccecccgaaa

tcageateat

asacaagEty
gagaagagac

tatpgaagee

cetaacaate
gttatcanga
cacaagepct
gEaacctica
tgagttaate

gattgzcaga

EEEEaagtct

gEcggcazat
ctgetecata
caggEtgtgg
ggaaatecca
BEgCAgEECC
aggeaatgaa

agasgeagza

cogattasge
saagaagtca
cctgagasgy
EtgEactage
EEcgagatga
caaaaascag

tceagacaca

10020
10080
10140
10200
10260

10820
10880
10440
10500
10560
10630
10680
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An aspect of the present invention is related to nucleic acid constructs capable of
expressing a polypeptide, such as a consensus dengue prME that elicits an immune
response in a mammal against more than one subtype of dengue virus, and methods of
use thereof. Additionally, there are DNA plasmid vaccines capable of generating in a
mammal an immune response against a plurality of dengue virus subtypes, comprising a
DNA plasmid and a pharmaceutically acceptable excipient, and methods of use thereof. The
DNA plasmid is capable of expressing a consensus dengue antigen in a cell of the mammal
in a quantity effective to elicit an immune response in the mammal that is cross reactive
against all 4 dengue subtypes.
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1. A nucleic acid construct for expressing a polypeptide that elicits an immune response
in a mammal against more than one subtype of Dengue virus, comprising:

an _encoding nucleotide sequence that expresses the polypeptide, wherein the
polypeptide includes consensus prME proteins from at least two different Dengue virus
subtypes, and

a promoter that regulates expression of the polypeptide in the mammal and is operably
linked to the encoding nucleotide sequence,

wherein the encoding nucleotide sequence comprises at least two nucleic acid

sequences selected from the group consisting of a nucleotide sequence encoding SEQ
ID NO: 2, a nucleotide sequence encoding SEQ ID NO: 4, a nucleotide sequence
encoding SEQ ID NO: 6, and a nucleotide sequence encoding SEQ ID NO: 8.

6. The nucleic acid construct of claim 1, wherein the encoding nucleotide sequence
comprises at least two nucleic acid sequences selected from the group consisting of
SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, and SEQ ID NO: 7.

7. A DNA plasmid vaccine for generating in a mammal an immune response against a
plurality of dengue virus subtypes, comprising:
at least one DNA plasmid for expressing at least one consensus dengue antigen in a cell

of the mammal in a quantity effective to elicit an immune response in the mammal,
wherein at least one consensus dengue antigen is selected from the group consisting
of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, and SEQ ID NO: 8 and a combination
thereof, and a pharmaceutically acceptable excipient;

the DNA plasmid comprising a promoter operably linked to a coding sequence that
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encodes the consensus dengue antigen.

(2ol 7He)
- 2 S5i BiLt Ollel @)

& HIo| 1£ Orol| ol ZrS20A HIESE Rok=s 7|8 prMERt
2o ZpHE|CE gisiEt & Q=
E = =

o= __I_L)\-Ig()" st 749
A9

« J|E OI2 S5l Z2H|HI0ZAC| E THEREIO] PRM/EO]| CHEH AAEl XHEEH PRM/E THEHAD r%b‘tﬂ

T S2HHIO[ZIATF B MEZZ QU= 22 AXE 4= Qlon, THHEIo| PRM/EN| S¢1E0|7}
Q= ZPHHIOIZAE QBlE SA T= HY =312 Ijat 4 Q20| &0IE
(E HHEol 37He| =01, =021 I(DI, S N-ZH ZH(QN), =M1 1I(DI, OlZH|Eh EHQl), =l
HI(PRM/E, C 2t EOQ} 22 HAZSZERI(g) =HIQD)
4|7

I-D

- 0[0fl M2, & SH{0IA 270 012 H0J3H H7I BIOJ2IA OOl ZXfols B prVE BHRS
BHole B2HEIC'S S0 AISE

(@gel 7)

- 2 S5i9] 72 12 Gl 0ol I3 Hio|2iA0) OfE0) Cfdh SIeIiSE ol TelMEISS
WGP | Plot it TXSS HTOH YIS, 47| St TXSS BMEICS Wl 01T 132
GEIC @ U EUCEIS AZ0| SSIHsepl CEsE HERHE BuY

+ 7| BRIEEISE MO 7] HOIEH ©7I% HO2iA OOl ZXfoke BS(consensus) prME

CHIRIS Tafst

o O|A7| Q1Y FEQEE ME2 SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 82 QITEI5H= HEAQEIC MR 0S0[Xl ZORE| MEtEl= 27} 0| A NS H3I3
(SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 82 Zt Den1, Den2, Den3
2 Dend-prME TR MO RS

+ 2 5ol0|l =0, 38 E= SS(consensus) ME2 £ 7| 0Kyl Cho| @32 HE 242
J|IE2 FEE g st MY, E= 80k S2HEC MYS o0jE 2SE BEN W= @)

- H78 62 4| 9L H3YQEIE MHO| SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5,
% SEQ ID NO: 72 O|R0{Tl ZO2LH MEK= 274 049 it MBS Z&loh=s it F520
CHollA A6t US(SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 72 %
Den1, Den2, Den3 % Dend-prME DNA M0 sHEe!

o S 72 540 WY HI0[HA OFF0| CHal T i3S U7 = DNA S2AD|E BiIMS HIGR=C|,
0| HiA2 SlLt 0149l 55 AU| YRS Loioh= ofLt 0149 DNA SZHADIEE Eoloh= 0|4,
7| Sttt Ole] 35 47| &2 Of0|=tt MY SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO:
6, SEQ ID NO: 82 0|R0X|= Z0i|Af MEtF

HIO|2A0] Ti==0] Of = 20| Tist &Rl HE Ricote Ol AEE & UM 7= US
O: 3,

(FQ HAO| LIE)

=1, 2 3 4]
2 E5{0| A= 2t D1prME, D2prME, D3prME, D4prME = DU XES HEAR] DFRAA
2t D1-DIll, D2-DIll, D3-DIIl, D4-DIIl THEZ0| Chst 28 SIS H|WStRCH] 7 st US.

Oz 2 5o MM [=H 1, 2, 3, 4]0 A0 IS

(D1prME, D2prME, D3prME, & D4prMEE 212t &% D1, D2, D3, E= DA it priv etz
% E oA & 259 38 MES Zeol= 30 22 21T Col= 1&A|, DUE 83 D1, D2, D3,
D40l Thet E HEEEO| DIl EHQI0] 38 MBS Zelchs grle 2TE0ke AR 7= /U
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D1prME against D1 protein DU against D1 protein
2.5 zs
= preblesd « prebloed
2.0 i & 3rdimm
£ 5
é 1.5 =
s of. s
osd 4

[£ 10, 11, 12, 13]

* &5t 2F D1prME, D2prME, D3prME, D4prME X222 HHsIE 7|UT|712] D1-DII D2-DIII,
DS—DIII, 2 DA-DIII HHeEof Chet 28 YHIS HIWSIAT D 7|Kiske U=, 11 Zik= & 551 MMC
[= 10, 11, 12, 13]0]l A= US

[& 10]

D1prmE
15 ©2-D01 protein
wmEe oo

« prebieed
2 3rdimm

propieod
Arct irm

Mabs titer by Li-Cor Assay

+  prebleed
20 4 rdimm

a  prebleca
A rd imm

oo
i
o

* = 5519 FE 101 M=E, MU 2749 Jofet dY(E HIO|2A Of0]| EXiot= 'S8 prME HEES
TSi5l= Z2HE|S V) 5102 AR5t

oHH, M-1g 10 71Xzl SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8=

217

212t Den1, Den2, Den3 2! Den4Q| prME X MEO0|H OF24Qt 20| BAIE

SEQ ID No: 2 SEQ ID No: 4

<2105 SEQ 1D NO 2 <2105 SEQ ID NO 4
<211> LENGTH: €98 211> LENGTH: €98

<212> TYPE: PRT <212> TYPE: PRT

<213> ORGANISM: Artificial Sequence <213> ORGANISM: Artificial sSequence

<220> FEATURE:
<220> FEATURE: 1
323+ OTHER THORMATION: Demil-priE protein seqience <223> OTHER INFORMATION: Den2-prME protein sequence

<400> SEQUENCE: 4
<400> SEQUENCE: 2

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val 1 5 10 15
10 15
His Ser Asn Arg Arg Arg Arg Ser Ala Gly Met Ile Ile Met Leu Ile
His Ser Asn Arg Arg Lys Arg Ser Val Thr Met Leu Leu Met Leu Met 20 25 30
20 25 30

Pro Thr Val Met Ala Phe His Leu Thr Thr Arg Asn Gly Glu Pro His

Pro Thr Ala Leu Ala Phe His Leu Thr Thr Arg Gly Gly Glu Pro His 35 40 45

35 40 4 Met Ile Val Gly Arg Gln Glu Lys Gly Lys Ser Leu Leu Phe Lys Thr

50 55 60
Met Ile Val Ser Lys Gln Glu Arg Gly Lys Ser Leu Leu Phe Lys Thr
50 55 60 Glu Asp Gly Val Asn Met Cys Thr Leu Met Ala Ile Asp Leu Gly Glu
65 70 75 20
Ser Ala Gly Val Asn Met Cys Thr Leu Ile Ala Met Asp Leu Gly Glu
65 70 75 80 Leu Cys Glu Asp Thr Ile Thr Tyr Lys Cys Pro Leu Leu Arg Gln Asn
85 20 95
Leu Cys Glu Asp Thr Met Thr Tyr Lys Cys Pro Arg Ile Thr Glu Ala
85 90 - Glu Pro Glu Asp Ile Asp Cys Trp Cys Asn Ser Thr Ser Thr Trp Val
100 105 110
Glu Pro Asp Asp Val Asp Cys Trp Cys Asn Ala Thr Asp Thr Trp Val Thr Tyr Gly Thr Cys Thr Thr Thr Gly Glu His Arg Arg Glu Lys Arg
100 105 110 115 120 125
Thr Tyr Gly Thr Cys Ser Gln Thr Gly Glu His Arg Arg Asp Lys Arg Ser Val Ala Leu Val Pro His Val Gly Met Gly Leu Glu Thr Arg Thr
115 120 125 130 135 140

Glu Thr Trp Met Ser Ser Glu Gly Ala Trp Lys His Val Gln Arg Ile

Ser Val Ala Leu Ala Pro His Val Gly Leu Gly Leu Glu Thr Arg Thr Tas 1to 155 160

130 135 140

Glu Thr Trp Ile Leu Arg His Pro Gly Phe Thr Ile Met Ala Ala Ile

Glu Thr Trp Met Ser Ser Glu Gly Ala Trp Lys Gln Ile Gln Arg Val 165 170 175

145 150 155 160

Leu Ala Tyr Thr Ile Gly Thr Thr His Phe Gln Arg Ala Leu Ile Phe
180 185 190

Ile Leu Leu Thr Ala Val Ala Pro Ser Met Thr Met Arg Cys Ile Gly
195 200 205

Ile Ser Asn Arg Asp Phe Val Glu Gly Val Ser Gly Gly Ser Trp Val
210 215 220

Asp Tle Val Leu Glu His Gly Ser Cys Val Thr Thr Met Ala Lys Asn
225 230 238 240
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Glu Thr Trp Ala Leu Arg His Pro Gly Phe Thr Val Ile Ala Leu Phe Lys Pro Thr Leu Asp Phe Glu Leu Ile Lys Thr Glu Ala Lys Gln Pro
165 170 175 245 250 255
Leu Ala His Ala Ile Gly Thr Ser Ile Thr Gln Lys Gly Ile Ile Phe Ala Thr Leu Arg Lys Tyr Cys Tle Glu Ala Lys Leu Thr Asn Thr Thr
oo 165 0 260 265 270
Ile Leu Leu Met Leu Val Thr Pro Ser Met Ala Met Arg Cys Val Gly
195 200 205 Thr Glu Ser Arg Cys Pro Thr Gln Gly Glu Pro Ser Leu Asn Glu Glu
275 280 285
Ile Gly Asn Arg Asp Phe Val Glu Gly Leu Ser Gly Ala Thr Trp Val
210 215 220 Gln Asp Lys Arg Phe Val Cys Lys His Ser Met Val Asp Arg Gly Trp
290 295 300
Asp val Val Leu Glu His Gly Ser Cys Val Thr Thr Met Ala Lys Asp
225 230 225 240 Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Gly Tle Val Thr Cys Ala
Lys Pro Thr Leu Asp Ile Glu Leu Leu Lys Thr Glu Val Thr Asn Pro 305 310 318 320
245 250 2588
Met Phe Thr Cys Lys Lys Asn Met Glu Gly Lys Ile Val Gln Pro Glu
Ala Val Leu Arg Lys Leu Cys Ile Glu Ala Lys Ile Ser Asn Thr Thr 125 330 335
260 265 270
Asn Leu Glu Tyr Thr Ile Val Ile Thr Pro His Ser Gly Glu Glu His
Thr Asp Ser Arg Cys Pro Thr Gln Gly Glu Ala Thr Leu Val Glu Glu 310 315 350
275 280 285
Gln Asp Ala Asn Phe Val Cys Arg Arg Thr Phe Val Asp Arg Cly Trp Ala Val Gly Asn Asp Thr Gly Lys His Gly Lys Glu Ile Lys Val Thr
200 205 300 355 360 365
Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Ser Leu Ile Thr Cys Ala Pro Gln Ser Ser Ile Thr Glu Ala Glu Leu Thr Gly Tyr Gly Thr Val
205 310 215 320 370 375 380
Lys Phe Lys Cys Val Thr Lys Leu Glu Gly Lys Ile Val Gln Tyr Glu Thr Met Glu Cys Ser Pro Arg Thr Gly Leu Asp Phe Asn Glu Met Val
325 230 235 385 390 395 400
Asn Leu Lys Tyr Ser Val Ile Val Thr Val His Thr Gly Asp Gln His )
310 245 150 Leu Leu Gln Met Glu Asn Lys Ala Trp Leu Val His Arg Gln Trp Phe
405 410 415
Gln Val Gly Asn Glu Ser Thr Glu His Gly Thr Thr Ala Thr Ile Thr
355 360 365 Leu Asp Leu Pro Leu Pro Trp Leu Pro Gly Ala Asp Thr Gln Gly Ser
420 425 430
Pro Gln Ala Pro Thr Ser Glu Ile Gln Leu Thr Asp Tyr Gly Ala Leu
370 375 380 Asn Trp Ile Gln Lys Glu Thr Leu Val Thr Phe Lys Asn Pro His Ala
435 440 445
Thr Leu Asp Cys Ser Pro Arg Thr Gly Leu Asp Phe Asn Glu Met Val
385 390 398 400 Lys Lys Gln Asp Val Val Val Leu Gly Ser Gln Glu Gly Ala Met His
Leu Leu Thr Met Lys Glu Lys Ser Trp Leu Val His Lys Gln Trp Phe 480 458 460
405 410 415
Thr Ala Leu Thr Gly Ala Thr Glu Ile Gln Met Ser Ser Gly Asn Leu
Leu Asp Leu Pro Leu Pro Trp Thr Ser Gly Ala Ser Thr Ser Gln Glu 465 470 475 480
420 425 430
Leu Phe Thr Gly His Leu Lys Cys Arg Leu Arg Met Asp Lys Leu Gln
Thr Trp Asn Arg Gln Asp Leu Leu Val Thr Phe Lys Thr Ala His Ala 485 490 495
435 440 445
Leu Lys Gly Met Ser Tyr Ser Met Cys Thr Gly Lys Phe Lys Val Val
Lys Lys Gln Glu Val Val Val Leu Gly Ser Gln Glu Gly Ala Met His 500 505 510
450 455 460
Lys Glu Ile Ala Glu Thr Gln His Gly Thr Ile Val Ile Arg Val Gln
Thr Ala Leu Thr Gly Ala Thr Glu Ile Gln Thr Ser Gly Thr Thr Thr 515 520 525
465 a70 475 480
Ile Phe Ala Gly His Leu Lys Cys Arg Leu Lys Met Asp Lys Leu Thr Tyr (5%: Gly Asp Gly Ser :: Cys Lys Ile Pro 1;};3 Glu Ile Met Asp
485 490 495
Leu Lys Gly Met Ser Tyr Val Met Cys Thr Gly Ser Phe Lys Leu Glu Leu Glu Lys Arg His Val Leu Gly Arg Leu Ile Thr Val Asn Pro Ile
500 505 510 545 550 555 560
Lys Glu Val Ala Glu Thr Gln His Gly Thr Val Leu Val Gln Val Lys Val Thr Glu Lys Asp Ser Pro Val Asn Ile Glu Ala Glu Pro Pro Phe
515 520 525 565 570 575
Tyr Glu Gly Thr Asp Ala Pro Cys Lys Ile Pro Phe Ser Thr Gln Asp Gly Rsp Ser Tyr Ile Ile Ile Gly Val Glu Pro Gly Gln Leu Lys Leu
510 535 540 580 585 590
Glu Lys Gly Val Thr Gln Asn Gly Arg Leu Ile Thr Ala Asn Pro Ile Asn Trp Phe Lys Lys Gly Ser Ser Ile Gly Gln Met Phe Glu Thr Thr
545 550 555 560 595 600 605
Val Thr Asp Lys Glu Lys Pro Val Asn Ile Glu Ala Glu Pro Pro Phe Met Arg Gly Ala Lys Arg Met Ala Ile Leu Gly Asp Thr Ala Trp Asp
565 570 575 610 615 620
Gly Glu Ser Tyr Ile Val Val Gly Ala Gly CGlu Lys Ala Leu Lys Leu Phe Gly Ser Leu Gly Gly Val Phe Thr Ser Ile Gly Lys Ala Leu His
625 630 635 640
580 585 590
Gln Val Phe Gly Ala Ile Tyr Gly Ala Ala Phe Ser Gly Val Ser Trp
Ser Trp Phe Lys Lys Gly Ser Ser Ile Gly Lys Met Phe Glu Ala Thr 15 e50 o
595 600 605
Ala Arg Gly Ala Arg Arg Met Ala Ile Leu Gly Asp Thr Ala Trp Asp Thr Met Lys Ile Leu Ile Gly Val Ile Ile Thr Trp Ile Gly Met Asn
610 615 620
660 665 €70
Phe Gly Ser Ile Gly Gly Val Phe Thr Ser Val Gly Lys Leu Val His
625 630 635 640 Ser Arg Ser Thr Ser Leu Ser Val Ser Leu Val Leu Val Gly Val Val
675 680 685
Gln Ile Phe Gly Thr Ala Tyr Gly Val Leu Phe Ser Gly Val Ser Trp
645 650 655 Thr Leu Tyr Leu Gly Val Met Val Gln Ala
690 695
Thr Met Lys Ile Gly Ile Gly Ile Leu Leu Thr Trp Leu Gly Leu Asn
6§60 665 670
Ser Arg Ser Thr Ser Leu Ser Met Thr Cys Ile Ala Val Gly Leu Val
€75 680 685
Thr Leu Tyr Leu Gly Val Met Val Gln Ala
690 695
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SEQ ID No: 6 SEQ ID No: 8

<210> SEQ ID NO & <210> SEQ 1D NO 3
<ﬁi> ’;5‘;‘;“‘“ ;95 <211> LENGTH: 693
<213> ORGANISM: Artificial Sequence <212> TIPE: FRT
<220> FEATURE: <213> ORGANISM. Artificial Sequence
<223> OTHER INFORMATION: Den3-prME protein sequence <220> PEATURE:
<400> SEQUENCE: 6 <223> OTHER INFORMATION: Den4-prME Protein seguence
Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val <400> SEQUENCE: 8
1 s 10 15
Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
His Ser Asn Lys Arg Lys Lys Thr Ser Leu Cys Leu Met Met Met Leu 1 5 10 15
20 25 20

His Ser Asn Gly Arg Lys Arg Ser Thr Ile Thr Leu Leu Cys Leu Ile

Pro Ala Thr Leu Ala Phe His Leu Thr Ser Arg Asp Gly Glu Pro Arg 20 25
a5

35 40

Met Ile Val Gly Lys Asn Glu Arg Gly Lys Ser Leu Leu Phe Lys Thr
0 5

Pro Thr Val Met Ala Phe His Leu Ser Thr Arg Asp Gly Glu Pro Leu
5 60 s

35 40

Ala Ser Gly Ile Asn Met Cys Thr Leu Ile Ala Met Asp Leu Gly Glu Met Ile Val Ala Lys His Glu Arg Gly Arg Pro Leu Leu Phe Lys Thr
65 70

75 80 50 55 &0
Met Cys Asp Asp Thr Val Thr Tyr Lys Cys Pro His Ile Thr Glu Val Thr Glu Gly Ile Asn Lys Cys Thr Leu Ile Ala Met Asp Leu Gly Clu
85 90 o5 65 70 75 80
Glu Pro Glu Asp Ile Asp Cys Trp Cys Asn Leu Thr Ser Thr Trp Val Met Cys Glu Asp Thr Val Thr Tyr Lys Cys Pro Leu Leu Val Asn Thr
105 110 85 90 95
Thr Tyr Gly Thr Cys Asn Glu Ala Gly Glu His Arg Arg Asp Lys Arg Glu Pro Glu Asp Ile Asp Cys Trp Cys Asn Leu Thr Ser Thr Trp Val
115 120 125 100 105
Ser Val Ala Leu Ala Pro His Val Gly Met Gly Leu Asp Thr Arg Thr Met Tyr Gly Thr Cys Thr Gln Ser Gly Glu Arg Arg Arg Glu Lys Arg
135 140 115 120 125

Gln Thr Trp Met Ser Ala Glu Gly Ala Trp Arg Gln Val Glu Lys Val

Ser Val Ala Leu Thr Pro His Ser Gly Met Gly Leu Glu Thr Arg Ala
145 150 155 160

130 135 140

Glu Thr Trp Ala Leu Arg His Pro Gly Phe Thr Ile Leu Ala Leu Phe
165

170 175 Glu Thr Trp Met Ser Ser Glu Gly Ala Trp Lys His Ala Gln Arg Val

145 150 155 160
Leu Ala His Tyr Ile Gly Thr Ser Leu Thr Gln Lys Val Val Ile Phe
20 Tos 100 Glu Ser Trp Ile Leu Arg Asn Pro Gly Phe Ala Leu Leu Ala Gly Phe
165 170 175
Ile Leu Leu Met Leu Val Thr Pro Ser Met Thr Met Arg Cys Val Gly
200 205 Met Ala Tyr Met Ile Gly Gln Thr Gly Ile Gln Arg Thr Val Phe Phe
180 185
Val Gly Asn Arg Asp Phe Val Glu Gly Leu Ser Gly Ala Thr Trp Val
215 220 val Leu Met Met Leu Val Ala Pro Ser Tyr Gly Met Arg Cys Val Gly
195 200
Asp Val Val Leu Glu His Gly Gly Cys Val Thr Thr Met Ala Lys Asn
225 230 235 240 Val Gly Asn Arg Asp Phe Val Glu Gly Val Ser Gly Gly Ala Trp Val
210 215 220
Lys Pro Thr Leu Asp Ile Glu Leu Gln Lys Thr Glu Ala Thr Gln Leu Asp Leu Val Leu Glu His Gly Gly Cys Val Thr Thr Met Ala Gln Gly
245 250 255 225 230 235 240
Ala Thr Leu Arg Lys Leu Cys Tle Glu Gly Lys Ile Thr Asn Tle Thr Lys Pro Thr Leu Asp Phe Glu Leu Thr Lys Thr Thr Ala Lys Glu Val
245 250 255

260 265 270
Ala Leu Leu Arg Thr Tyr Cys Ile Glu Ala Ser I

B

Thr Asp Ser Arg Cys Pro Thr Gln Gly Glu Ala Val Leu Pro Glu Glu Ser Aan Ile Thr

260 265
275 280 285

Thr Ala Thr Arg Cys Pro Thr Gln Gly Glu Pro Tyr Leu Lys Glu Glu

Gln Aep Gln Aen Tyr Val Cys Lys His Thr Tyr Val Asp Arg Gly Trp 275 280 285
290 295 300

Gln Asp Gln Gln Tyr Ile Cys Arg Arg Asp Val Val Asp Arg Gly Trp
Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Ser Leu Val Thr Cys Ala 290 295 300
305 310 315 320

Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Gly Val Val Thr Cys Ala
Lys Phe Gln Cys Leu Glu Pro Ile Glu Gly Lys Val Val Gln Tyr Glu 305 310 315 320

330 335

Lys Phe Ser Cys Ser Gly Lys Ile Thr Gly Asn Leu Val Gln Ile Glu

Asn Leu lys Tyr Thr Val Ile Ile Thr Val His Thr Gly Asp Gln His 325 330 335
345 350

Asn Leu Glu Tyr Thr Val Val Val Thr Val His Asn Gly Asp Thr His

Gln Val Gly Asn Glu Thr Gln Gly Val Thr Ala Glu Ile Thr Pro Gln 340 345 350
355 360 365

Ala Val Gly Asn Asp Thr Ser Asn His Gly Val Thr Ala Thr Ile Thr

Ala Ser Thr val Glu 2la Ile Leu Pro Glu Tyr Gly Thr Leu Gly Leu 355 360 265
370 375 380

Pro Arg Ser Pro Ser Val Glu Val Lys Leu Pro Asp Tyr Gly Glu Leu

Glu Cys Ser Pro Arg Thr Gly Leu Asp Phe Asn Glu Met Ile Leu Leu 170 375 180

385 390 395 400

Thr Leu Asp Cys Glu Pro Arg Ser Gly Ile Asp Phe Asn Glu Met Ile

Thr Met Lys Asn Lys Ala Trp Met Val His Arg Gln Trp Phe Phe Asp 285 290 205 w00

405 410 415

Leu Met Lys Met Lys Lys Lys Thr Txp Leu Val His Lys Gln Trp Phe

Leu Pro Leu Pro Trp Thr Ser Gly Ala Thr Thr Glu Thr Pro Thr Trp 105 110

420 425 430

Leu Asp L Pro Leu Pro Trp Thr Ala Gly Ala Asp Thr Ser Glu Val
Asn Arg Lys Glu Leu Leu Val Thr Phe Lys Asn Ala His Ala Lys Lys eu Aop Lew hro Lew Fro fip Thr Ao Gly Ala Asp Throser Glu da

420 425
435 440 445
His Trp Asn Tyr Lys Glu Arg Met Val Thr Phe Lys Val Pro His Ala
Gln Glu Val Val Val Leu Gly Ser Gln Glu Gly Ala Met His Thr Ala 435 440 445
450 455 460
Lys Arg Gln Asp Val Thr Val Leu Gly Ser Gln Glu Gly Ala Met His
Leu Thr Gly Rla Thr Glu Ile Gln RAsn Ser Gly Gly Thr Ser Ile Phe 450 455 460
465 470 475 480
Ser Ala Leu Ala Gly Ala Thr Glu Val Asp Ser Gly Asp Gly Aen His
Ala Gly His Leu Lys Cys Arg Leu Lys Met Asp Lys Leu Glu Leu Lys 465 470 475 480
485 490 495
Met Phe Ala Gly His Leu Lys Cys Lys Val Arg Met Glu Lys Leu Arg
Gly Met Ser Tyr Ala Met Cys Thr Asn Thr Phe Val Leu Lys Lys Glu 485 490 495
500 505 510
Ile Lys Gly Met Ser Tyr Thr Met Cys Ser Gly Lys Phe Ser Ile Asp
Val Ser Glu Thr Gln His Gly Thr Ile Leu Ile Lys Val Glu Tyr Lys 500 505 510
520 525
Lys Glu Met Ala Glu Thr Gln His Gly Thr Thr Val Val Lys Val Lys
Gly Glu Asp Ala Pro Cys Lys Ile Pro Phe Ser Thr Glu Asp Gly Gln 515 520 525
530 535 540
Tyr Glu Gly Ala Gly Ala Pro Cys Lys Val Pro Ile Glu Ile Arg Asp
Gly Lys Ala His Asn Gly Arg Leu Ile Thr Ala Asn Pro Val Val Thr 530 535 540
545 550 555 560
Val Asn Lys Glu Lys Val Val Gly Arg Ile Ile Ser Ser Thr Pro Leu
Lys Lys Glu Glu Pro Val Asn Ile Glu Ala Glu Pro Pro Phe Gly Glu 545 550 555
565 570 575
Ala Glu Asn Thr Asn Ser Val Thr Asn Ile Glu Leu Glu Pro Pro Phe
Ser Asn Ile Val Ile Gly Ile Gly Asp Lys Ala Leu Lys Ile Asn Trp 565 570 575
580 585 590
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Tyr Lys Lys Gly Ser Ser Ile Gly Lys Met Phe Glu Ala Thr Ala Arg Gly Asp Ser Tyr Ile Val Ile Gly Val Gly Asn Ser Ala Leu Thr Leu
595 600 605 580 585 590
Gly Ala Arg Arg Met Ala Ile Leu Gly Asp Thr Ala Trp Asp Phe Gly His Trp Phe Arg Lys Gly Ser Ser Ile Gly Lys Met Phe Glu Ser Thr
610 615 620 595 600 605
Ser Val Gly Gly Val Leu Asn Ser Leu Gly Lys Met Val His Gln Ile Tyr Arg Gly Ala Lys Arg Met Ala Ile Leu Gly Glu Thr Ala Trp Asp
625 630 635 640 610 615 620
Phe Gly Ser Ala Tyr Thr Ala Leu Phe Ser Gly Val Ser Trp Ile Met Phe Gly Ser Val Gly Gly Leu Phe Thr Ser Leu Gly Lys Ala Val His
645 650 655 625 630 635 640
Lys Ile Gly Ile Gly Val Leu Leu Thr Trp Ile Gly Leu Asn Ser Lys GIn Val Phe Gly Ser Val Tyr Thr Thr Met Phe Gly Gly Val Ser Trp
660 665 670 645 650 €55

Met Ile Arg Ile L Ile Gly Phe L Val L T: Ile Gly Thr A:

Asn Thr Ser Met Ser Phe Ser Cys Ile Ala Ile Gly Ile Ile Thr Leu °r lhe frg Lo hew Hle Gy Fhe Len VaL bew Trp e Ty Thr fen
675 680 685

Ser Arg Asn Thr Ser Met Rla Met Thr Cys Ile Ala Val Gly Gly Ile

Tyr Leu Gly Ala Val Val Gln Ala 675 680 685
690 695
Thr Leu Phe Leu Gly Phe Thr Val Gln Ala
690 695
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H-71= TR HHO=2 JgE d7| Hio|2A F|Hz2 S2|omET I
0[2] &7| Hiol2{A ZHo| cigt HARY ZES0MS B

SRR INSTITUT PASTEUR(FR), CENTRE

255 | KR 10-2557390 B1 (2023.07.14) (=x) NATIONAL DE LA RECHERCHE

B SCIENTIFIQUE(FR)
290 INSTITUT PASTEUR(FR), CENTRE

ZHS | 10-2017-7001998 (2015.06.22) (i‘;‘; NATIONAL DE LA RECHERCHE

B SCIENTIFIQUE(FR)

AP = 571 2035.06.22

o =y o
IHzZ| |27} KR ) EP JP CN
=7t & 13 (IPo=7PIEF) | =2 | =2 | M= | 52 | 52
SE28 |S Jses | 1.1.2-
2 E5|= Hl-7&(non-structural) THEie| HHHOZ 1ME H7| HIO2A 7|02t 22| LEX(dengue
virus chimeric polyepitope) % 0[2] H7| HiO[ZA Z{H0| st HARYY ZZS(immunogenic
oot composition)0fA2] S&0f| 25 Z0|C} 2 Eot= 47| 7|02t E2IELES Udick= HH, £3] i
o A8 29 Hi0[2HA YRR Y= HIEE KMXoP| I8t +H, 53] E2lF32RQEE, WH, A &
YHS MBS E5t 2 Sof= Q7| Hio[2A ZF| oY Y/EE= XRE {5t S6| Zg= FHf =
AL SHEHO| KHZEH MV QUKL &0 25t Zi0|Ck
1. 88 E2HEIS Lo ZBE 57| (a), (b) & (o) THH:
(a) AN FHO| MEHS 601N XoIEI oAt MBS 211, M2 FHO| MEHS 90fA Ol OfO|idt
MIS =, F M9 Q9sS ZEoU O FYsE &=, 9Y| HI0[ZADENY) EFY
1(DENV1)Q HI—-_rLZE(non—structural NS) NS3 HHHHEIO] = JHO| THH;
(b) MEHS 1201 Ho|=l OfO|At MES ZH= DENV1Q NS4b HHEiEIof Cm:
(c) MEHS 1501A Hol= Of0|ieAt MBS ZH= DENV1Q| NS5 HE#EIO| T,
£ oLt T HHER FM&=, 60071 DI”fOI Of0[Ledt F7IE 2400, &7] (). (b) 2 (0)°] HHO|
=055 A Ee= HENCE MUE |BIEH0 Q= 7|02 S2IED,

TUTT | e A Zojo| ZMM, 88 THS (a), (b) ¥ (O T 85 HHERSE Of0|At Z7|S9|
ZCH0IE Soll REmD 47| S8 KA MHut 90% ZMO| SUME 2= Ot MBS 2=
7|zt BIETR o5, olo] B2IED HOJH,

2. M1E0l A0A, MEHS 3, MEHS 146, NEHS 147 L NEHS 1482 0|F0T ZO0jA] ME4E
OflAt MBS 2= 7|02t E2|0IED.

14. (a) DENV19Q| ectoMOl 881, 4&°| DENV EXHFEQ| EDIlI Z2HEIE0| SME FAE=
DENV &2, & (b) AM1&ol| M2 702} Z2LEZS Zalol=, HARY RME.

15. M40 A0iA, A7| DENV 220 MBHS 1452 MBS =, HIANY Z8E.

(YF| 7HR)

* H7| HBIO|HA(DENV)= 00|\t 40| 67 LK 75% SUst 47H2] Q5 DENV SAH0| ZXH5IH,

HIO[2{A RNA 7= T S2|E2ERIe=2 HAR 1 1 Z2|I2EQI2 HI0[2A 3 =Z:0| 2|00
=5 e ofah 3702 & HHE(AIE(C), MU(prM), AT(E) X 7742 H-7E(NS) HHEZ ol

%EH JHUE| {2 DENV A 4749 =3t DENV SHI(DENVT WX| 4) & 20| CishARt S1tE

LIEIH= S 3PA7F 1242, 010l DENV 2124l ZE0f ciet CDB+ TAIES] &Toj et 977} ZIay=lof
UBKISS ZBCI0F Urhel HST} Qi BOKISO| QURULHE CD8+ T M 248he)
BiK10) SIS YIS Sof S B4 B-DENV PIOijA CD8+ T MZO| Thet HLA-01Z
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rrﬁ
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J
g
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o WAl RED U Edl M= 24 - @I HI0I22A(Dengue virus) -

[l

2o HSl0f ol =Helgt
* 0/0f] 2 Sa{0ilA= HI-FLR(NS) THEo] HHOZ FY&E= 7|H2t Z2|HLEDLS Z35HH, DENVO]
Ciet CD8+ T HZ BHYs REY + Q= gEs HARLIRE
2 5519 g2i2 CD8 OIEZI} S5t 2A| 5397H Of0|itte] 47 FoHs MEHSHI(NSS L2 271
YA, NS4b LHO| ofto] H, NSELHQ| ofto] FY), 05 HHO| & ScIHEIE Lo ZZ =AM,
T 2 HHO| 27N CR R0 U= 7|t ES/HLEDS LefotAL, 0[0f tiet Z2(0LED
#O|

OME E&tg

(o]

r|r ;.

(UFo| 1Y)
« 0|2 Soi9 7 182 88 S2HEIS Lol o242 (a), (b), (0)2 HHS ZtSH/ALE, 0|2 0|20
60071 OJ2tef OfO|lbt EVIE 2= 7|02t E2|NIEDE 15, 0| 2 £5] (a), (b), (o) HH2

XY Fe ZIHEHO2 AMIZ g3t

(a) M1 FHO| MEHS 60k 1 9|%| O] :=At MEE 201, K2 FHO| MGHS 90i|A] HC|E Ofd]it
MNEE #=, F 718 @958 Zeel 1 %O—“‘% T85l=, 97| HIOIZIADENY) EY
1(DENV1)2] H|- -_rlx(non structural NS) NS3 HHHHEIO] = JHO| THH;

(b) MEHS 1201 Hol= OH|LAt MES %E DENV129| NS4b THRIof TimH;

(c) NS 150IM FOIE Ofh|eht MBS Z= DENV1S| NSH iAo HH

I, Fe 12 47| 7|oi2t S20|IEDZO| st MO[Mx= Fok=0, oMo 7|tz E20IED=

A 2017t (@), (b), (0Z TH== 88 HEIEC| MED 90%7t He SY8E 2= Ol0|it NS 71

o 2= FHE 100 7IKE 7|2 S20IEDS] MHO| MYHS 3, MYMS 146, MBS 147

2 MIHS 1482 0|R0ITI ZOjA MEHECIY 7IXi5ID Qs

M 14= (2)H78 19| 7|02t Z2NLEDZ} 84 (1)DENVIS| ectoMO] 8=, 4Z2| DENV

SHHYEC| EDII E2HE|I=S| 8FHMZE F85= DENV HEE Halol= HAMY ZIS0 oA

7IMfold A1, FHY 16= Het 142 DENV 0| MBHS 1459 MBS 2= AYS 1Mol
|

o

i ojo
OII

19| MM MEH, Z42to] HH (a), (b) ¥ (o) TS, 6| ZE DENV 0| Chst
-MIZ BESO| REE 2ol B4 HLELS HE6HH, A7(Q| E2LELE A7| HHO| XYY
IEHOZ M2 E8lot0] MEE(EYN MAGOM 2 E56{Q 7|02t E2|HTEZE= DENVI,
DENV2, DENV3 3! DENVAO| it QI7t &t SI2AHLA)-K[EH CD4+ T M BISE RI)

bR g riox
rr 12
N

(FQ HAl0l LhE)

- 2 551 Z7E 1 &40 IE, (2) 7|t2t S2NIELS YSstols S2RSHQEE H MHKO=
(2) 47} EDIIl/ectoM Z2HEISES Ldiots, MR B HIOIHAMY) HES Zefolo] OiRAS TS
ot= &IOS Sall S-DENV MIEY HAS ST + U= Hs 2RGIAS

ﬂJlﬂI

I

z:*.ffl-ta-o,.,n_

Anti-NS3 DV1 (1/300) * Anti-EDIII DV1 (4E11, 1/1000)
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« MV-DENVE 0|28 HHAIZI THEE9| OtR_A(5/6)= DENVO| CHato] {25t CMI(Cell-mediated
immune response, M4 HY BE2) HISS LIELH

* MV-DENV S22 13 O|LHY| S-DENV MZN HAS ZXIE 4 Q)

rr

0= 20|

500

200

700

600

500

400 +——1

SFC per million cells

300 +

200 -

100 - ﬁ

13;14|15|16§1?|13 Mice

o 4

70839 m]-n 12

MVDvax 10 MVDvax 8 My

o L5H 2 E5| 22t MEHS 3, MEHS 146, 147 L 1489 E2|)IEZ DENV1-NS, DENV2-NS,
DENV3-NS % DENV4-NS & DENVI-NSE 02t MH| W HY HS SIS SRIGIAS

« E5| 25 HY HI20M CD8 T M| IS XA | €161 HLA(Human leukocyte antigen) S2iA
| TS OFRAOM DENV-S0H MIESH T M2 FE =0lgt

[= 16] DENV-SO0[ MEEN T HE IS

o HEIME OIRAQl 470 IE(HLA-A*02-01, HLA-A*24:02, HLA-B*07:02 and HLA-B*35:01
monochain transgenic/ H-2 Class | null mice)S DNA HYS SEaff #MNE, (X E2HADIE HY
=201 H[alf DENV1-NS Z2|0IEL HAEHES 0[Zot0] HAAR! OFRAGM 23 INF-YH GrB
BrS0| &RlE

=0
HLA-A24 HLA-A2
1000 1000
L ]
o ™
NI .
“ - " [
= 0 | = 10 L2 -
T . [] [l
B . o Fy
= 2
: 1 : £
Pl L w
L]
= o al O a0 by
- o a o e,
1 - 1
p17 P32 P33 HESP p30 1] =3 HEsP
HLA-BT HLA-B35
2000 1000
i
. '] L" - L]
[y .
] % =
T = o .
w %S . o La
S T =
=+ =+
:: w L] : w
7 A 0
] L]
a
o
0 () 1
pis pa0 pi6 WET3 P ps0 sl SvB7-3
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20234 AE ZiHY WA R&D Y S6] M= 2 - A7| HH0IZA(Dengue virus) -
o 2 9 7|02t S2|IEZOl ZIZE MEHS 146, 147 % 1482 DENV2-NS, DENV3-NS 2
DENVA-NS Z2|0IEZ ME LHe| HEF Ofo|kit 27|58 UE=s HE:
R mlmmnﬂz.o 0 40 snuunwr:n il an 30 100
e e Caerrn z

e e s
,,,,,, 1 eeeebevesl oeeboeecl mmnbeeel sees oeeol mnebeeslimene lonesLree bone ficrs Recaglins Beneg
f—— - Uﬂmuum::a 130 140 150 160 17 lo!‘“ﬂu‘ﬂo 200
ﬁi %Em Eziéiml TOPASIAARG YISTRUGMGE RAATFMTATF PGTADAFFOS WAPTQUEERD lmmsu nun!um HHM&
E}Eﬂ ED:' m';m:iu R R T "és'n";;a"'g'\i.'o" ""‘iw'u""""n'd"' Ygda e
== = PR SR bt ETR RSO Jein: T =
. e
310 320 339 340 A58 360 37 380 390 400
DENVL-N8 ARTESOPLAL NTTAMISLIA IANCAAILMC LOKCMPISEM DIGVFLLALG

DENVE-NE m:mw VTPHLAHSIE TANUATVIMG
oEe-NE ARYYADTMAL XDFEEFASCY ETE---——TTI LOVDLEEASA WTLYAVATPT DLGVPLLAMG
e lan aeel 1 [REEL] | EErI I 1
410 420 430 440 1] 4 480 490 500

e i it

DENVY-HS CYSOVMTIIG LL TOLAMTOTTR

lasssl [Eee| (R (e

ila £20 a3 533

omevi-ug GTAQIMEVTA ENLBGFLSEN EXPRICTREIE HA
omevz-uE GTRKLMEITA EWLARELGEX ETPEMCTRES FYRKUESHA
B3N GTREVMGLTA EWLWRTLGEN KKPRLCTREE FTEXVETHA
DmRve-NE RLCTREE FISEVRSHA

<=2 £5(9 st 12 7|H2t S|IEDS XL 7ot AL, FTE 1= 0] 7|H2t S 0T|EZO
OJ0|LAMO| MEHS 3, MEHS 146, MIHS 147 L MIHS 1482 0|20{RI ZO|A] MEHEl 2 QICk
7|t A

oo
rio
ox
HT
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g6l S

MNEHS 147

MNEHS 148

<210

=11

<z13>

147

sas

PRT

Artificial Sequence

<s00

Ala
1

Ly

Arm

145

Asn

ass
Tyr

GIu

Val

ass

Gy

Glu

Are

Lys

The

ara

Glu

11e

Ala

Ala

210
Twr

Arg

11e

Gin

; Glu

asp

Gy

11e
aTo

T1e

Ser

Glu

Tep

ser

aso

val

Gin

frens

Arg

147

Pro

T
as
Lew

Leu

His

Tyr

The

Fro

cly

Lys

Leu

Arm

Cly

Lys

e

Fro

Va1

Ala

Ars

ala

Gln

Pro

Gin

Pro

The

The

Amine seid

Asp

Lys

Thr

Arg

Asp

Ala

e

Asn

Phe

Asp

Tyr

z60

Leu

wal

240
His

Asn

Lys

wal

Ie

Ars
Gy
so00

Leu

Lys

Gl

Tor

Pra

Gy

Gln
Glu

Lew

Ala

Ser

Gln
s

frs

Va1

a1

Pra

Tie

Ala

- Len

Are

Lew

Ala

150

Asp

Trp

Len

Pra

Gy
230

Pra

Glu

Leu
a0

Fra

Lew

Ala

Asp

Asp

Gy

Thr

avo

he

Arg

Arg

val

The

Met

T1e

Fro

Glu

His

135
Pro

Glu

11e

Glu

215
Glu

Val

A

Asn

205

Ly

The

Glu
Vat
a7s

Lau

Val

ser

Va1

as5

Gin

Ly

Arg

Asn

Ars
E=

Pro

Asp

1e

1e

Pro

Phe

120

val

Glu

e

Asn

Arg

Ser

Lys

Asn

Va1

Gy

Te

Tyr
440

val

Glu

val

Lys

sz0

e

Leu His

Arg Glu

wal

val Asp

00

Val Arg

Tor Asp

Cly Met

Ile Asn

Glu Lys

Arm Lis

Leu Ala

Tew Cys

265

Asp val

)

Val Ala

a4s

Ser The

Leu Met

val Pra

Gly Glu

azo
Twr Asp

Glu Va1

Lys Lea

Ala Mer

Lys wa1

asa

Mot Gly

Lys Pra

Asn Ala

Clu

Pra

Ala

Gln

7s

Leu

Va1

Pra

cly

Ser

£e

Glu

Lea

asp

s15

asp

asp

Lys

Lea

The

a7s

Asp

Glu

Gy

T1e

Ala

The

Mot

Pra

Ala s

Glu
140
Ala

Fro

ala

Lys

1le

Vval

Glu

Ala

The

P

Asp

The

The

Leu

polvepitope

Gla

Ser

Lys

as

Ala

The

Cys

Asn

I
o

Phe

Glu

Ala

Gla

zos

Ala

war

wal

Gy

Tep

Ala

Asp

wal

wal

Asp

Ala

Ly

Asn

The

445

Lys

The

Are

Met Phe

Gly Lys

A Arm

Glu Mer

Ala Thr

His Ala

os
Tyr Asn
110

Ile Ala

Ala Ala

Pro Gln

arg Ser

175
His Trp
100

Gly Tle

Ile asp

Glu Leu

of DENVE

§

Lea

Gla

gEg

Ala

Trp

v

<

Gln Arm

ER

The Lys

Avg The

Ala Gy

Leu His

Ile Thr

as0

Ser Leu

Lys Gly

Leu Gly

Arg Tle

a1s

Pro Tvr

Gly Ser

Pra Tro

The Pra

Thre Pra

195
Glu Trep
s10

The Arg

Asa

<

3

Tae

Sla

rra

Pra

A

Trp

fgd

§

a

ase

Phe

are

Lea

<

£

<z1om 14m
<211= s34
<21z~ PRT
<21z Arti
<2z0<z2a-
<t00>  1am

Arg Tle Gly

1

Lys

Arg

The

Met
145

Ser

Thr

Asp
aos

The

Met
ES

Met

His

Asn

wal

a5
wal

Arg

The

Mot
Tyr
130

The

Fro

Gy

Ly

Lew

210

Ars

Gy

ser

Ly

Pra

Glu

Lew

Ala
370

Asp

The

Gy

Gy

Thr

Phe

ars

Lys

Tie

Asp

Ile

Ala

Tle

Asp

Leu

275

Lys

The

Ala

Leu

e

Tep

Gin

Lys

Lys

s1s

Arg

ficial Sequemece

dmine acid sequeace of the chimeric

Glu

The

Pro

Glu

Ser

T

Glu

Asp

180

Leu

Gy

Arm

Lys
=260

Glu

Lys

Ala

The

Ala

340

Asn

wa1

Ely

Ile

azo

Tyr

wa1

Slu

val

Lys

Ser

Pra Asp Tyr Glu Val Asp Glu Asp
s 10
Ile Met Asp Leu His Pro Gly Ala

Ser Ile Val Arg Glu Als Leu Lys

a0
Ala Pro The Arg Val Val Ala Ala
Leu Pra Ile Arg Tyr Gla The Pro
Arg Glu Tle Val Asp Leu Met Cys

Leu Sar Ser The Arg Val Pra Asn

Asp Pra Ser Ser

Thr Arg Val Glu Met Gly Glu Ala
135 140
Pro Pro Gly Ala Thr Asp Pra Phe

150

Asp Ile Glu Arg Glu Ile Pro Glu

Trp Ile The Asp Glu Asp His Ala
Leu Asp Asn Ile Tyr The Pra Glu

Pro Glu Arg Glu Lys Thr Gla Ala
215 220

Gly Glu Gin Arg Lys Thr Phe Val
2as

230

Pro Val Trp Leu Ser

245

ihe

Asp Arm Glu Tep Cys
265
c

:
1
:

Met Glu Val Glu Ile Trp
280

Leu Arg Pro Arg Trp Leu Asp Ala

Lew Lys Asp Phe Lys Glu Phe Ala
310 s15
Ile Leu Asp Val Asp Leu Arg Pro

Wal Als The Thr Ile Leu Thr Fro

Thr Ser Ala Asa Leu
360

Leu Met Gly Leu Gly Lys &

¥ Trp

a7s as0

Val Pro Leu Lew Ala Met Gly €vs
a0 08

Gly Arm Arg Leu Gln Ars Leu Gin

108 410

Tyr Asp Gln Glu Asn Pro Tyr Arg

azs

Glu Ala Pro Ser Thr Gly Ser Ala

Lys Leu Lew Thr Lys Pro Tre Asp

ass as0

Ala Met The Asp Thr Thr Pro Phe
a7 475

Lys Val Asp Thr Arg Thr Pro Gln

Met Thr Thr Thr Ala Asn Trp Les

Asn Pro Arg Leu Cys

Asn Ala

palyepitope

ey

Arg

Glu

His

val
125
ala

Pro

Arg

Hiz

Gl

ala

Giu

The

Arg

Ser

ala

Met

Ala
365

Pro

Glu

The

Ser

445

val

Gy

Pro

Phe

Lys

Are

Val

Asn
110

Ala

ala

Gin

Ser

Tep

e

Asp

Ser
Arg
270

Arg

val

cly

ser

Leu
as0

e

Glu

Ser

Gin

Lys

ala

n

Arg
15

The

Leu

Slu

Lys

The

Leu

ala

e

Ser

Tre
175

e

e

Gy

Mer

Glu

Ty

wal

ala

Ars

Ala

Sla

a1s
Ala

rro

Gin

Pro

e

of DENVA

Ly=

Ly=

Arg

Gla

Arm

Asa

Asa

Glu

Fra

Glu

arm
210

Gy

Gy

Ala

Tep

Asa

Ty

a1

et

are

Gy

Leu

Ser

51
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2k EM - d7| HI0[2A(Dengue virus) -

4 Flavivirus virus like particle
s SVEED
=S US 10098943 B2 (2018.10.16) =x) VLP THERAPEUTICS, INC.(US)
- _ Z¢0 .
Eyehik 14/850399 (2015.09.10) (=) VLP Therapeutics, LLC(US)
AR = =i 2035.09.10
° - (Ol)eraY o
{2 1 IHL2|=27} KR usS EP JP CN
2} & (Ps=7PIE) | 58 | 58 | MME | 58 | 58
= S 8= 1.1.2-b
Provided is a virus like particle comprising one or more flavivirus structural proteins, and
oot a composition or vaccine comprising thereof, its use in the prevention or treatment of

flavivirus infection. The flavivirus structural protein contains at least one amino acid
alteration in the envelope region. Examples of flavivirus contains dengue virus.

i
oz
41
%

1. A virus like particle comprising a flavivirus envelope protein, wherein said envelope
protein comprises an amino acid substitution at position 108 of SEQ ID NO: 20, or
at a position determined as corresponding to position 108 of SEQ ID NO: 20 by
alignment.

4. The virus like particle according to claim 1, wherein said virus like particle is produced
from a dengue virus structural protein comprising prM and envelope regions.

5. The virus like particle according to claim 4, wherein said structural protein comprises
the amino acid sequence of residues 16-676 of an amino acid sequence selected
from the group consisting of SEQ ID NOs: 2, 4, 8, 10, 14 and 16.

12. The virus like particle according to claim 1, wherein said envelope protein further comprises
an amino acid substitution at position 203 of SEQ ID NO: 20, or at a position determined
as corresponding to position 203 of SEQ ID NO: 20 by alignment.

13. The virus like particle according to claim 1, wherein said envelope protein further
comprises an amino acid substitution at position 246 of SEQ ID NO: 20, or at a
position determined as corresponding to position 246 of SEQ ID NO: 20 by alignment.

(90| 749)
+ 2 S5{= SiLt O[AS] ZajH| HO[2A X TS TESHs HI0[2A QA °'xro1| B3t 7102,
G2 KB prMl 2 9JI] CiKIS TaISHe H7| Bj0[2iA T TRz

AR LRKVLP)O 2t A

o;
i
rr
[y
k=)
o
[>

Et -_r”g)

7 12 SeHH02IA QI TS Holok= HO[2iA RAF (INE FHfoldl UCH,
M7| 9I11I Ef 22 SEQ ID NO: 209] x| 10801, £= FE0 2fsh SEQ ID NO: 209] 2{X]
@Oil d8oke Zdoi ?EIE' SIX[0f OfD|iebt Xigts RERHMEHE NO: 202 &7| HiO[2HA
oI A0 sHH)

- 5 S50 L2, 4S5l e BE 2 LTSS AIGSI0! LSS Ailsl| #st JAHE
X BEoi0] H0IE HERIQEIE i 0f0j=At SRRID O1FEHD QOm, MBS HREOR
ST 4SSl IS SOl - 28

= porM 2 QI YoS mEksH= HWY (Y HIO[2A X




CHINROE ANES HO[RIA QA URRIT BT 9IS

M8 5= T8} 49 T HHPEC SEQ ID NOs: 2, 4, 8, 10, 14 & 1602 A5 1202
HE{ MeEl of0jiAte] MOl A7| 16-6769] Of|icAt MBS HBH HIO[2IA A QUKo
ool BTOHL %US

- 2 E5l0| M2H, &7 Moo MEHS 2, 4, 8, 10, 14 L 16 M2 JHA| A= M(1aa),
A& MB(2-15aa), pr ML(16-106aa), M AE ( 07-187aa) & A2 T HH(182-676aa)1t
2 9= Zelohs @Y| HIO|HAL] 712 CHBAERL M2t I be MEHS 2, 4, 8 10,
14 £= 169 prM G & 2| FAS 2=, é X[ 16 LHX| x| 6762 Ot0|=bt MBS LS
of= HIOI2A RAF YRS MST

o HTSE120) 20, HASH 19| Q| TS SEQ ID NO: 202 2|X| 203, F= F| <)

SEQ ID NO: 209 ?|x| 2030 435 I': Aoi ZEE R0 OH|=At x2S 712 Zeetttd

HTEH 130] ME2H, H7ASH 19 I CHES SEQ ID NO: 209| K| 246, F= 20| of)
SEQ ID NO: 209| 2IX| 24601 4S5t= A= ZFE LIXI0f 00|t XIS F7t2 ZHBITt
i—i__l.l.6|-_l OI%
= 5519 HA00) =M, AH=T HA2 SEQ ID NO: 22| 172-676aa0| siH5t!, SEQ
ID NO: 209| £{x| 1082 SEQ ID NO: 22| x| 2890, SEQ ID NO: 202] 2{%| 2032 SEQ
ID NO: 29| 2Ix| 38401, SEQ ID NO: 202| #Ix| 2462 SEQ ID NO: 29| x| 4270 ThSSHCHLL
7IM= US
X% O 2 5519 HAof T=H SEQ ID NO: 28 o] A2 HH2 172-676aa0| SHESHILL 7|y
0] URIZE HAofo]l gt & IE MBS 2, 4, 8,10, 14 I 1691 M| AHZT AA2 182-676aa0]
SR 7IM=0 Us
= 551 BAHMOIE FH7H0l 7IME Biof Teh d7| | HUEO] S5 HE|E Fels SAHH0|
AlZ122, (F108A) &£ F71g Ofo|=tts S¢H0| A7 (K203N == K246M) VLPE QFERIARI Of17}
7ITHEI0 QUOT, B FIf= AA0]O] LIRS E5f l0lat 4 Q2
(F108A= 27| HIO|2A 13 2Im| HE4EIl 108H K[| OfO|ktt Phelt Ala2 HZE, K203N=
Q7] HO[2A 1% U] HEEO) 2038 LIX|Q| OH|iett Lys7t Asnz2 BAE, K246M= &7
HIO|2A 18 QI THeEIo| 246 X|Q| Of0|ltt AsnZt Met2 HAE

oo

£ 1]
2 S512] HADIOIME prv 2 BIEE | THE K203N+F108AS EEBIE HIO2IA RAF
%:xr% HZBIS. O1F DENVI VLPZ 22i5io] & 0f0] AISSIZIOn], 1 23t 87|% sjoj2iA

(FQ HAO| LHE)
[

o2
rio
ox

1,2, 3, 430] Cfsh D45 FEENS IS SOl
TABLE 1
serotype -1 -2 D-3 -4 JE
DENWV1 =>10240 1043 604 270 <80
VLP
rPBS <80 <80 <BO <RO <BO
« & 502 Y2 FY 101 Qfolf MZE VLPLE, 0] VLP= S2tH[HIO|2A QI| HHtES LIEkeH

%

 A7] u| HEE2 SEQ ID NO: 209 94| 10801, E= HZ0f 2fsh SEQ ID NO: 209] X
10801 dSoks A2 ZFHE X0 Off|=t Xgts ekttt 7| QU5

* SEQ ID NO: 209 &2 &7| HIO[2{A 1 OF0|=tt MEO| Q| HHO| sHFotH, Ottt 25

53



27| H0I2A(Dengue virus) -

SEQ ID No: 20

1

Gly Ala
Thr Met
Glu Val

50

Ile Ser
65

Thr Leu

Ile Val
130

Thr Gly
145

Thr Ala

Asp Tyr

His Lys
210

Ser Thr
225

Lys Thr

Thr
Ala
35

Thr
Asn
val
arg
Thr

115

Gln

Thr

Gly

Glu

195

Gln

Ser

Ala

<400> SEQUENCE:

Met Arg Cys Val

Trp

20

Lys

Asn

Thr

Glu

cly

100

Cys

Tyr

Gln

Ile

Ala

180

Met

Trp

Gln

His

<210> SEQ ID NO 20
<211> LENGTH: 495
<212> TYPE: PRT

<213> ORGANISM: Dengue virus
«220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION:

1) .. (495)

20
aly
5
Vval
Asp
Pro
Thr
Glu
Trp
Ala
Glu
His
Thr
165
Leu
Vval
Phe
Glu

Rla
245

Ile

Asp

Lys

Ala

Thr

Gln

cly

Lys

Asn

Gln

150

Pro

Thr

Leu

Leu

Thr

230

Lys

Gly Asn

Val Val

Pro Thr

40

Val Leu
55

Rsp Ser

Asp Thr

Asn Gly

Phe Lys
120

Leu Lys
135

val Gly

Gln 2la

Leu Asp

Leu Thr

200

Rep Leu
215

Trp Asn

Lys Gln

<223> OTHER INFORMATION: DENV1 Envelope

Arg Asp
10

Leu Glu
25

Leu Asp
Arg Lys
Arg Cys

2sn Phe

cys Gly
105

Cys Val
Tyr Ser

Asn Glu

Pro Thr
170

cys ser
185

Met Glu
Pro Leu

Arg Gln

Glu val
250

sequence

Phe Val Glu Gly
His Gly Ser Cys
30

Ile Glu Leu Leu
45

Leu Cys Ile Glu
60

Pro Thr Gln Gly
75

Val Cys Arg Arg
Leu Phe Gly Lys
110

Thr Lys Leu Glu
125

val Ile val Thr
140

Thr Thr Glu His
185

Ser @lu Ile Gln
Pro Arg Thr Gly
190

Lys Lys Ser Trp
205

Pro Trp Thr Ser
220

Asp Leu Leu Val
235

val Val Leu Gly

Leu Ser
15

Val Thr

Lys Thr

2la Lys

Glu Ala
80

Thr Phe
95

Gly Ser

Gly Lys

val His

Gly Thr
160

Leu Thr
175

Leu Asp

Leu Val

Gly Ala

Thr Phe

240

ser Gln
255

Glu

Ser
305

Lys

385

Asp

Gly

Trp
465

Ala

Gly Ala

Gly Thr
275

Asp Lys
290

Phe Lys

Val Gln

Ser Ser

2la Asn
355

Glu Pro
370

Ala Leu

Phe Glu

Thr Ala

Lys Leu

435

Gly Val

450

Met

260

Thr

Leu

Leu

Val

Gln

340

Pro

Pro

Lys

Ala

Trp

420

Ile

Ser

His

Thr

Thr

Glu

Lys

325

Asp

Ile

Phe

Leu

Thr

asp

His

Trp

Thr Ala
Ile Phe
Leu Lys
295
Lys Glu
310
Tyr Glu
Glu Lys
Val Thr
cly Glu
375
Ser Trp
390
2la Arg
Phe Gly

Gln Ile

Thr Met

Leu Gly Leu Asn Ser

470

Val Gly Met Val Thr

Leu

Ala

280

cly

Val

6ly

cly

Asp

360

Sexr

Phe

Gly

Ser

Phe

440

Lys

Arg

Leu

Thr

265

61y

Met

Ala

Thr

val

245

Lys

Tyr

Lys

Ala

Ile
425

Gly

Gly

His

Glu

Rsp

330

Thr

Glu

Ile

Lys

Arg

410

Gly

Thr

aly

Ala

Leu

Tyr

Thr

315

Ala

Gln

Lys

Val

Gly

395

Ay

Gly

Ala

Ile

Thr

Vval

300

Pro

Asn

Pro

Val

380

Ser

Met

val

cly

Glu

cys

285

Met

His

cys

aly

Val

365

cly

Ser

Ala

Phe

Gly
445

Ile

Ile Gln
270

Arg Leu

Cys Thr

Gly Thr

Lys Ile
335

Arg Leu
350

Rsn Ile

Ala Gly

Ile Gly

Ile Leu

415

Thr Ser
430

Val Leu

Leu Leu

460

Ser Thr Ser Leu Ser Met

Tyr Leu Gly Val Met Val

Lys
cly
Val

320

Pro

Glu

Lys
400

Gly

Phe

Thr

Thr Cf

Gln A
4
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The present invention provides dengue virus vaccines and immunogenic compositions for
administration to human subjects. The vaccine compositions of the present invention
comprise recombinantly produced monomeric and/or dimeric forms of truncated dengue
virus envelope glycoprotein that, when formulated together with an adjuvant and a
pharmaceutically acceptable carrier, induce balanced tetravalent immune responses. In
preferred embodiments of the compositions described herein, the DEN4 protein
component is a dimeric form of DEN4. The compositions are designed to be acceptable
for use in the general population, including immunosuppressed, immunocompromised,
and immunosenescent individuals. Also provided herein are methods of inducing a
protective immune response in a human patient population by administering the
compositions described herein to the patients.

=

oz
0%

1. A method for raising an immune response in a human patient, the method comprising
administering a therapeutically effect amount of an immunogenic composition to the
patient, wherein the immunogenic composition comprises an effective amount of
purified dengue virus envelope ("sE"s) protein monomers of serotype DEN-1, DEN-2,
DEN-3, and DEN-4, a pharmaceutically acceptable excipient, and an effective amount

of adjuvant;

wherein the E proteins each constitute approximately 80% of the length of wild type
E starting from amino acid residue 1 at its N-terminus, such that said E protein is
secretable into growth medium when expressed recombinantly in a host cell;
wherein the amount of DEN4 E protein is about 1.5 to about 3 times the individual
amounts of DEN1, DEN2, and DEN3 E proteins, and wherein the composition induces
the production of neutralizing antibodies in human subjects.

2. A method of producing neutralizing antibodies in a human subject against all four
dengue serotypes comprising administering to the subject an effective amount of an
immunogenic composition, wherein the immunogenic composition comprises an
effective amount of purified dengue virus envelope (‘E”) protein monomers of serotype
DEN-1, DEN-2, DEN-3, and DEN-4, a pharmaceutically acceptable excipient, and an
effective amount of adjuvant;
wherein the E proteins each constitute approximately 80% of the length of wild type
E starting from amino acid residue 1 at its N-terminus, such that said E protein is
secretable into growth medium when expressed recombinantly in a host cell;
wherein the amount of DEN4 E protein is about 1.5 to about 3 times the individual
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amounts of DEN1, DEN2, and DENS E proteins, and wherein the composition induces the
production of neutralizing antibodies the human subject against all four dengue serotypes.

(&8 7R)

« & Sof= 7] Hio[2A ZF0| EH._EJ Asd U338 Rohs ZES0I| 2HE

« S2MH[H2|0] Y2l SS(YF), Y25Y, W7 [HI0[HAL 471X SHY S e, St
HIO|HAL| QU= =3 MZEU0A F2H5IH Hio[2AZ TFE of 1y ai(M) & 2I|(E) SHES
SFoh=dl, Olm B FHEUAER =3 HAZQ =2 HAO=Z H5 WA HAE Hio|HA I3t
SHQ MeE REE

« 2 Sol0iM= @7| BlO|A | HAEZRE FaiE A MERR HUMEN SAKE Lokt
HHA| RAES AIMEIH, B E5o| HiA g = HfO|E1A0| A71X| EHESE (DEN1T, DEN2, DEN3
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- Aot 92 NEAIE Y2 SAUSH A9 Alhydrogel 85 HERM|9t SUSH 2| Hitlo] gy Y=
(DEN1-80E)2 B/t

TABLE 1

Desien of the Clinical Study HBV-001-C-101

Treatment Cohort

Low Dose DEN1-80E (10 pg) + Cohort 1

Alhydrogel (1.25 mg of elemental Al) (N = 6 active, 2 placebo)
High Dose DENI1-8OE (50 pg) + Cohort 2

Alhydrogel (1.25 mg of elemental Al) (N = 6 active, 2 placebo)

- Xi8Y DSEON 630 11|§.+er| 32, OF 43 0UE 0, 2 4RO 381 B oVl
el SAOIICH, LIEK! 6% 5 4TS Al HIN il B 5 25 SO 10FAIX B3|
AT, SUFRIN UE 7r—o+ SIS Liett TENiC o

- 183 TSE 60| LK Z9 130 LA 63XKE Hinl

P10l Choll S LIEKAOD, 229 IiERH= KM I el
7| B3t BAE LEIS. 23] Tkt SAZRIIE A3 2

TABLE 2

f 8iAl 0] & 20 S35t A
Y0, 63 & 50| 1054t
= /lset 2 e LERE

>

Summary of Neutralizing Antibody Titers by Subject

Visit 1 Visit 3 Visit 5
Subject Week O Visit 2 Week 4 Visit 4 Week B Visit 6 WVisit 7
D (Dose 1) Week 2 (Dose 2) Week 6 (Dose 3) Week 10 Week 34
Low 007 <10 <10 <10 62 19 44 <10
Dose 013 =10 =10 =10 =10 =10 30 =10
014* =10 <10 =10 =10 =10 <10 =10
019 <10 <10 <10 <10 <10 91 <10
020 =10 =10 =10 =10 =10 32 =10
022 =10 <10 =10 =10 =10 <10 =10
High 02s <10 <10 <10 182 113 502 18
Dose 027 <10 <10 <10 =10 <10 58 <10
028 =10 =10 =10 =10 =10 =10 =10
031 <10 <10 <10 <10 <10 37 <10
033 <10 <10 <10 =10 12 62 27
041 =10 =10 =10 =10 =10 14 =10
Placebo 011 <10 =10 <10 =10 <10 =10 <10
018 <10 <10 <10 =10 <10 <10 <10
036 <10 <10 <10 <10 <10 <10 <10
037 =10 =10 =10 <10 =10 =10 =10

Antibody levels were determined by PRNT assay with a minimum detectable titer of 10, Subjects with non-detectable
antibody titers are designated with *<10".
*Subject 014 received only one dose of vaccine but completed all study visits and safety assessments

- 47| Zik= 871 HBV-001 D1 HiAI0| QRHGHLl 17t 2tXlofA DENTO| Cifst Y BHES R
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« 2 5014 DEN1, DEN2, DEN3 % DEN42| 2t Q|I| Chi#zlo| U7t 4210
- ofH, 2 S50IM ALZE W7HI0[HA NE2 MEHS 1-b2 HAIE

T
1
o
ool

(1) MEHS 1; DENT prM-80E;
(2) NG5 2; DEN2 prM-80E;
(3) MEHS 3; DEN3 prV-80E;
(4) MYHS 4; DEN4 prM-80E;
(5) M¥H& 5; DEN4 prM-80EZip.
« 2 E5| MAJ0] QA HT0M= DEN1-80E, DEN2-80E, DEN3-80E, 2 DEN4-80EZip 47H2]
Cioixl 2oHS DE1-80E0| CHGIY 1:1:1:29] HIEZ =&5H MBS
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<2105 SEQ 1D N0 1

<211> LENGTH: 1683

<2125 TYPE: DNA

<2135 ORGANISM: Dengue virus type 1

<400> SEQUENCE: 1

«210> SEQ ID NO 2

211> LENGTH: 1683

212> TYPE: DNA

213> ORGANISM: Dengue virus type 2

<400> SEQUENCE: 2

reagt 0
ttocatetga ccacacgagg gggagageeg cacatgatag ttagcaagea ggaaagagga 60
tgttraagac 120
asgteactet tgrtraagac teat 120
tgtgtgaaga cetttctcaa 180
ttgggagagt t ctegaattac 180
t 240
240
agatcagtag cgettgttee acacgtggga 300
teccaaacty gegageaceg acgggacaaa cgttcegteg cactggocee acacgtggga 300 gatcagtay egtggy
360
cttggtttag 360
120
caaagagtyy agactiggge cetgagacac ccaggattca cggtgatage ccrtttteta 420
N 450
t L 180
gtaacaccat geagggact ¢ s10 540
oo gtgtcaggag ggagttggat CgAcatagit TTagaacatg gaagtigrgt gacgacgatg 600
aaccaacatt asaccetgcs 660 coat o
aactgrgeat ttcaagatge 720 L. e 20
tgtegacga 780
gtgtegacg & t 780
t 840
tecatggtag acagaggatg gggasatgga tgtggattat ttggasaagg aggeatcgty 840
tatget ¢ 900
500
960 cgmaataca stgtesteat 50
tgeaactata ctectacgte 1020 Loz0
1080 t 1080
gaaatggtgt tgttgacaat gaaagaaaaa teatggetag tocacaaaca atggttteta 1140 1140
1200 gaccracegt tgeeatgget goccggagea gacacacaag gatcaaatt gatacagaaa 1200
taacatttaa 1280 teaccttean AggALgLtgt tgtettagga 1260
1320 . gatgteatea 1320
acgacaacaa tttttgeagg acacctgasa tgtagactaa asatggacaa actgactcta 1380 . ttacasctt 1120
catgteat 1040 Lo
€ accatgcaag 1600 cattagagta caatat: gagacggete tocatgoaag 1500
1560 atecetetty agataatgga tetggasaas agacatgrtt tgggecgect gateacagtc 1560
gtcaacattg 1620 . L0
togtaat cet tt. 1680 .
gga 1683 o o1
<210> SEQ ID NO 3 <210> SBG 1D O S
<211 LENGTH: 1677 ‘;:;’ #gi’"m:‘“‘
212> TYPE: DHA ) 2135 ORGMNISM: Artificial Sequence
213> ORGANISM: Dengue virus type 3 Cion peaTim
223> OTHER INFURNATION: DEN4 prM-80E linked to cequence enceding
400> SEQUENCE: 3 Qimerizaticn domsin
60 <400- SEQUENCE: 5
60
tecot 120
120
180
clggetgass Lgigtgagga caccgteacy Latgaalgee cLcLactegh castaccgaa 180
240
grgeaatete 240
aatcaagetg gatcagtgg cgttaget 100 oo
360 160
azo e ccaggatteg az0
geceattaca taggeactte cttgacceag asagtggtta LCEEtatact actaatactg 480 gOCLatatga TTGGYCANSC AQYAALCCAg CYAACAGICT LOTTLGLLCE aatgatgety 480
o gtegooceat cetacggaat gegatgegty ggagtgggga acagagactt tgtggasgga 540
H— s00
& 500
EEEE €80
660
. 120
20 . gaacasgate B 80
780 QATGLgHtag ACAgagUgtY SUUCAATYSC LYTIGOLTOT LEOYASAgY AGHAYLEGTY 840
840 agttecatg atrrggtcea aattgagaac 500
00 ss0
1020
tcazat & o
. c 1080
£ tatet 1020
gagatgattc tgatgaaaat amaaagaaa aogbggotty tgcacasgca atggbttttg 1140
tat tgct 1080 aagttcatty 13200
¢ . 1180 rascare rrocteat 1260
* 1320
1200
1150
1260
1440
1320
acacagoaty GgACAACAgT GOLAARMGTC ABJEATgAG GUCLOZAGC TCCALgTaaa 1500
tat t 1380
gereceatag . 1560
gaacaccttt 1a40 accectitig ctgagtatac scsete 1620
catgggacaa tacteattaa ggttgagtac asaggggasg atgeacettg caagatteet 1500 gacagotaca tageaatagg tgktggagac agtgoattas cactocattg gttoaggasa 1680
t 1560 1740
1620 aganctacca 1500
¢ gasggga 1677 B 881
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Methods and compositions for recombinant dengue viruses for vaccine and diagnostic

6
development
- SIXHHEEIXE | The University of North Carolina at Chapel
=oiHs | US 10398768 B2 (2019.09.03 )
( ) =) Hill(US)
o E0I The University of North Carolina at Chapel
EHHS | 15/523899 (2015.11.02 )
BHtle ) 15/523899 ( ) @) | HiIUS)
Al | =2 2871 2035.11.02
e ey o
Iz 3 hif=IEI==y KR us EP JP CN
2} % (P5=PIE) | 25t | == | 26t | == | 4%
some | S et 1.1.2-a, 1.1.2-b
The present invention provides compositions and methods of use comprising a chimeric
dengue Virus E glycoprotein comprising a dengue Virus E glycoprotein backbone, which
(20 comprises amino acid substitutions that introduce an epitope that is recognized by an antibody

from a dengue Virus serotype that is different from the dengue Virus serotype of the dengue
Virus E glycoprotein backbone.

1. A chimeric dengue Virus E glycoprotein comprising a dengue Virus E glycoprotein backbone
that comprises amino acid substitutions that introduce a protein domain from a dengue Virus
serotype that is different from the dengue Virus serotype of dengue Virus E glycoprotein
backbone, wherein the dengue Virus E glycoprotein backbone is from dengue Virus serotype

4 and the protein domain is from dengue Virus serotype 2, wherein the glycoprotein
comprises the amino acid sequence:

(SEQ ID NO: 1)

MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA

KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRG

WGNGCGLFGKGGVWTCAKFSCSGKITGNLVQIENLEYTVWVTVHNGDTHA

VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK

MKKKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMVTFKVPHAKRQDV

TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT

MCSGKFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRDVNKEKVWGR

VISSTPLAENTNSVTNIELEPPFGDSYIVIGVGNSALTLHWFRKGSSIGK

MFESTYRGAKRMAILGETAWDFGSVGGLFTSLGKAVHQVFGSVYTTMFGG

VSWMIRILIGFLVLWIGTNSRNTSMAMTCIAVGGITLFLGFTVQA,

wherein said amino acid sequence comprises the following amino acid substitutions:

T300S, S303T, S307K, D309V, M312l, T320I, V322l, K323R, K325Q, A329D, A331S, V335,

I337F, R340T, V3421, N343E, E345R, K346H, V348L, V351L, S353T, S354V, T355N, L357],

A358V, E359T, N360E, T361K, N362D, V364P, T365V, L369A, V379I, G383E, N384P, S385G.

A3860Q, T388K, H390N, and R393K.

2. A chimeric dengue virus E glycoprotein comprising a dengue virus E glycoprotein backbone
that comprises amino acid substitutions that introduce a protein domain from a dengue virus
serotype that is different from the dengue virus serotype of the dengue virus E glycoprotein
backbone, wherein the dengue virus E glycoprotein backbone is from dengue virus serotype
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4 and the protein domain is from dengue virus serotype 2, wherein the glycoprotein
comprises the amino acid sequence:

(SEQ ID NO: 5)
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA
KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRG
WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVWVTVHNGDTHA
VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK
MKKKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMVTFKVPHAKRQDV
TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRLKGMSYS
MCTGKEKIVIKEIAETOHGTIVIMYEGDGSPCKIPFEITDLEKRHVLGRL
ITVNPIVTEKDSPVNIEAEPPFGDSYHIGVEPGOLKLNWFKKGSSIGKM
FESTYRGAKRMAILGETAWDFGSVGGLFTSLGKAVHQVFGSVYTTMFGGV
SWMIRILIGFLVLWIGTNSRNTSMAMTCIAVGGITLFLGFTVOA.

(&3 )

- & 5ofc oo #ho= 549 &Y HIO|2HA Y| Het 2t SHE Fob| flet 37| Ho[2{A
0] 2ot XY

« & 50519 3 AL V| W2 S¢ A ZHHY MY MEEUCL 2 Y 2to| Yl 28
LA0] YN UR| UL HIO[ZHA ZHI0 Qs 21pF B XS, 0o, = Sof= HY 42 549
A7 BIO|HA SHSHO| Cfet Set NS Reoks 7|t2E AY| BIO|HAS MEHC =M 9| ZHIES o2
[o] VN TS

« 5O PAEOR, = Sof= @V HiolsA B SHHUE HRo| A Hioj2A M= Hoet d7| Hioj2A
Y TS Aol 2l QA== HIELS E%!OfE Ottt Xfgts Hefol= d7| BIO[HA B
ST =S Mefohs 7|2 AY| Hiol2iA B FHUES MSoks A0 et XY
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MEHS 1
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA
KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRG
WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVWVTVHNGDTHA
VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK
MKKKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMVTFKVPHAKRQDV
TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT
MCSGKFSIDKEMAETQHGTTWWKVKYEGAGAPCKVPIEIRDVNKEKVWGR
VISSTPLAENTNSVTNIELEPPFGDSYIVIGVGNSALTLHWFRKGSSIGK
MFESTYRGAKRMAILGETAWDFGSVGGLFTSLGKAVHQVFGSVYTTMFGG
VSWMIRILIGFLVLWIGTNSRNTSMAMTCIAVGGITLFLGFTVQA,

7] OOt B2 T300S, S303T, S307K, D309V, M3121, T3201, V322, K323R, K325Q, A329D,
A331S, V335, 1337F, R340T, V342L, N343E, E345R, K346H, V348L, V351L, S3b3T, S354V,
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T355N, L3571, A358V, E359T, N360OE, T361K, N362D, V364P, T365V, L369A, V379I, G383E,
N384P, S385G. A386Q, T388K, H390N, ¥ R393KY| OtO|:tt X|gts HLeket
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Hefols d7| HIO[2IA B ST Wi=s Helots 2100, SoE A SRR 7] V) B0l B
STHE 2| Y| HIO|2HA SHL O[3t THE AV Hiol2iA SHHC2RE Fg 071N 47|
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MEHS 5
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA
KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRG
WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVWVTVHNGDTHA
VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK
MKKKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMVTFKVPHAKRQDV
TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRLKGMSYS
MCTGKEKIVIKEIAETQHGTIVIMYEGDGSPCKIPFEITDLEKRHVLGRL
ITVNPIVTEKDSPVNIEAEPPFGDSYHIGVEPGOLKLNWFKKGSSIGKM
FESTYRGAKRMAILGETAWDFGSVGGLFTSLGKAVHQVFGSVYTTMFGGV
SWMIRILIGFLVLWIGTNSRNTSMAMTCIAVGGITLFLGFTVOA.

e 101 MEHS 15 7IEC2 S QAP X2t Of0|kett MBS 7IRtotd A= Hioh, Ftet
2= FFE 10 7IME Off|=dt MEO UHE AY VAol U

R Al L)

= 5519 A 101Nz, B3t HES Zects SCIHOIE Zok= T (B) THEE =02l 1/11 (EDI/I)
SIX| FHO| 12 4 FAS 30151, DENVAREE DENV32ZE 0J4! (rDENV3/4)310] Q170N B2y
o HE20|| CHet A7| HIEZO| 7|0iE HWIISIFS. 47| rDENV3/4= DENV3 SA0H| LHAES LIEHHHA
017t DENVA T S0l oI5t E3101| Cifst 215 ZMS 20, 0142 47| EDI/IN 8IX] GH0| {3
S0 53t 939 2 ZAFKE Rt AUSS LELIS
[AlS DENVAO] CISE M, mAb 22 SXI=X| 4, S5t T2mo| L2/t 4 .
OXt DENV ¥ Ll QI 277t H2|2 HH 49| OIED HMAOM Y IS sttt
[EHHSIS. DENVISEEE] DENVARZ| 57} Of|LAt £V |9 B7H= mAb A L Z3I1E 32412
2t B2ZE2Y 2H Ssk= 3 HokK| AUS
LYHNSS 0] E O[ZA0]| 22 ZV|E Lotz St 471 OIEZE DENVAZ O|SAIZS
(rDENV4/3). 0] DENV4/32 Miz=st = MEGIT, DENV3 TSl &30 gt
LS LIERIXIEE DENVAOI| CHet £3} Hi2e
2 E5{Q| MA0 20iA=, DENV3ZF DENV4A AK[Q] AA 2 NT X 50|, SHS7H HOH AA=
DENV3OZEE| DENV4 LIZO| 0]AIS el &1=|11 MEHZIQIS, DENVA IC LHO] NT M2 DENV3Dt
YRStz AA HSLE E0[5H otes HIEUL, 0[2{5 HIE TA[SH= S1/ls cDNAYG BIEIS
rDENVE 273t Hiet 20| 4o, B SEZE ol HI0[AS 240, H3A0I IED
OlAl S z|thsksl7| s, &APHOZ 70| DENV3 Z7|E {2t s1Qatil Mt o 2 012X of)
ED ZORIEZ 0JASH= 3702 @IH| rDENVE AA5IH T, 0| rDENVE Z7HE 37|19 DENV3
MEO0| 21zt O|Al=l DENVA M12, DENV4A M14 2 DENVA M1622 HEEUS(E 1, THE B-C)
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F al Ea‘{ = - ol | I. I -I ( i ) -
202314 AIE 2 WA RSD U S5 M 24 - @I HIOIHA(Dengue virus
A.
DENV-3 BsmBi BsmBt Bgh 8gl Bgit Bsmbl
UNC3001 {Srif agit
o ¢ Jor v € JLe] mst | {nsa] sz [nsas] Ns3 [ nsan [nsan] [nsa] nss el
ool ) benvaateossn)  penvas(izeny DENY-3 C(3870m) DENV-3 D (3676n)
DENV-4 Plitat Phnal Drail Drai st Plina BemBl
Sritanka 89 h] hd
B I ] I T 7Y ) T N | T TS ST e
E:ﬂi " DENV-6 A{32160t) DENV-4 B (2266 0) DENV-6 € (337311) DENV-3 D (1794 nt)
B.
d Resid ing Within ing Aci
49 5152 53 55 58 59 71 122 123 124 126 128 129 132 148 199 200 205 207 210 214 222 225 229 270 271 272 273 274 276 277 278 307 321 382
WIDENVE T K EV LTYAS G K TN L I T MKTLKLADYVDSGDNHMDEK.V
DENVAMIZ T T QLT KLAS G P E KV I T L T AMEBGES DOV (QNSGET S i 0KV
DEWAMIS £ T Q LT K LA L E ® E KV Y T L T AMETESDUV 1 QNSGIT S 1 DKV
DENVAMIE £ T Q LT K LD L E P E KV Y QLT AMEBREST f QNS G TS I Kar

FIG. I (cont'd,)

o ro

IBHIZ o/B/y ZHE DIRAMA 3.3x10 6 ffu DENV1 , DENV2 L= DENV2-1F4EE S22 W &5
11, OFRAE 562 S AMS 4 & Yo 20 ol RUEZRr 21t DENVI X DENV2E HES
o

[PAL 80%E Zufot= AIUES UEILIQKID, SUst 820| DENV2-1FAES SO0i3t OIS AL 249
02 AlRIBIA| BI94T (p=0.0076), O[22 Al7| DENVOI Ufslh (=& 470] ofsis Q8= 12)
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o 20 40 s ‘p=0.0076
Qays Postudnoculation

FIG. 12

2 SoliME BHE AZRE RS 97| HORIA E IHUY UE U BYY 225E S2F Cym

o = =< 20Oo [ =
EHRIE Eol= 7|Ml=t Q7| Ho[2A B STHMEO| Ee= MEE
7| SEUES] ARl g2 Fet 1 & 2 SOi| 710 U=, Fe 101 7IxtE SHHMER Off
MEHS 10] SYARIOA SHHOME 00|ttt NES REetolal, F+1et 201 7IME SEHUES Of A
GHS 52| Of[leAt MES HEBH*ESHHO| HEf: T300S, S303T, S307K, D309V, M3121, T3201,
V3221, K323R, K325Q, A329D, A331S, V335, I337F, R340T, V342L, N343E, E345R, K346H,
V348L, V3b1L, S3b3T, S3564V, T3bbN, L3571, A358Y, E359T, N360E, T361K, N362D, V364P,

T365V, L369A, V3791, G383E, N384P, S385G. A386Q, T388K, H390N, & R393K)
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AHHS AHS
MBS 1) (MBEIS 5)
Met Arg Cys Val Gly Val Gly Asn Arg Asp Phe Val Glu Gly Val Ser Met Arg Cys Val Gly Val Gly Asn Arg Asp Phe Val Glu Gly Val Ser
1 5 10 15 1 5 10 15
Gly Gly Ala Trp Val Asp Leu Val Leu Glu His Gly Gly Cys Val Thr Gly Gly Ala Trp Val Asp Leu Val Leu Glu His Gly Gly Cys Val Thr
20 25 30 20 25 30
Thr Met Ala Gln Gly Lys Pro Thr Leu Asp Phe Glu Leu Thr Lys Thr Thr Met Ala Gln Gly Lys Pro Thr Leu Asp Phe Glu Leu Thr Lys Thr
35 40 45 35 40 45
Thr Ala Lys Glu Val Rla Leu Leu Arg Thr Tyr Cys Ile Glu 2la Ser Thr Ala Lys Glu Val Ala Leu Leu Arg Thr Tyr Cys Ile Glu Ala Ser
50 55 50 50 55 60
Ile Ser Asn Ile Thr Thr Ala Thr Arg Cys Pro Thr Gln Gly Glu Pro le Ser Asn Ile Thr Thr Ala Thr Arg Cys Pro Thr Gln Gly Glu Pro
€5 70 75 80 70 75 80
Tyr Leu Lys Glu Glu Gln Asp Gln Gln Tyr Ile Cys Arg Arg Asp Val Tyr Leu Lys Glu Glu Gln Asp Gln Gln Tyr Ile Cys Arg Arg Asp Val
85 90 95 35 90 95
Val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Gly Val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Gly
100 105 110
100 105 110
Val Val Thr Cys Ala Lys Phe Ser Cys Ser Gly Lys Ile Thr Gly As
ot e 11; e Ala Lys Phe 1;5 v ser By Lys 12: T Gy Aen Val Val Thr Cys 2la Lys Phe Ser Cys Ser Gly Lys Ile Thr Gly Asn
115 120 125
Leu Val Gln Ile Glu Asn Leu Glu Tyr Thr Val Val Val Thr Val His
120 135 140 Leu Val Gln Ile Glu Asn Leu Glu Tyr Thr Val Val Val Thr Val His
130 135 140
Asn Gly Asp Thr His Ala Val Gly Asn Asp Thr Ser Asn His Gly Val
145 150 155 160 2sn Gly Asp Thr His Ala Val Gly Asn Asp Thr Ser Asn His Gly Val
145 150 155 160
Thr Ala Thr Ile Thr Pro Arg Ser Pro Ser Val Glu Val Lys Leu Pro
165 170 175
Thr Ala Thr Ile Thr Pro Arg Ser Pro Ser Val Glu Val Lys Leu Pro
Asp Tyr Gly Glu Leu Thr Leu Asp Cys Glu Pro Arg Ser Gly Ile Asp 165 170 178
180 185 190
Asp Tyr Gly Glu Leu Thr Leu Asp Cys Glu Pro Arg Ser Gly Ile Asp
Phe Aen Glu Met Ile Leu Met Lys Met Lys Lys Lys Thr Trp Leu Val 180 185 190
195 200 205
Phe Asn Glu Met Ile Leu Met Lys Met Lys Lys Lys Thr Trp Leu Val
) 195 200 205
His Lys Gln Trp Phe Leu Asp Leu Pro Leu Pro Trp Thr Ala Gly Ala
210 215 220 His Lys Gln Trp Phe Leu Asp Leu Pro Leu Pro Trp Thr Ala Gly Ala
210 215 220
Asp Thr Ser Glu Val His Trp Asn Tyr Lys Glu Arg Met Val Thr Phe
225 230 235 240 Asp Thr Ser Glu Val His Trp Asn Tyr Lys Glu Arg Met Val Thr Phe
225 230 235 240
Lys Val Pro His Ala Lys Arg Gln Asp Val Thr Val Leu Gly Ser Gln
245 250 255 Lys Val Pro His Ala Lys Arg Gln 2sp Val Thr Val Leu Gly Ser Gln
245 250 255
Glu Gly Ala Met His Ser Ala Leu Ala Gly Ala Thr Glu Val Asp Ser Glu Gly Ala Met His Ser Ala Leu Ala Gly Ala Thr Glu Val Asp Ser
260 265 270 260 265 270
Gly Asp Gly Asn His Met Phe Ala Gly His Leu Lys Cys Lys Val Arg Gly Asp Gly Asn His Met Phe Ala Gly His Leu Lys Cys Lys Val Arg
275 280 285 275 280 285
Met Glu Lys Leu Arg Ile Lys Gly Met Ser Tyr Thr Met Cys Ser Gly Met Glu Lys Leu Arg Leu Lys Gly Met Ser Tyr Ser Met Cys Thr Gly
290 295 300 290 295 300
Lys Phe Ser Ile Asp Lys Glu Met Ala Glu Thr Gln His Gly Thr Thr Lys Phe Lys Ile Val Lys Glu Ile Ala Glu Thr Gln His Gly Thr Ile
205 210 215 220 305 310 315 320
Val val Lys Val Lys Tyr Glu Gly Ala Gly Ala Pro Cys Lys Val Pro Val Ile Arg Val Gln Tyr Glu Gly Asp Gly Ser Pro Cys Lys Ile Pro
225 130 235 325 330 335
Ile Glu Ile Arg Asp Val Asn Lys Glu Lys Val Val Gly Arg Val Ile Phe Glu Ile g‘; Asp Leu Glu Lys ‘;zg His Val Leu Gly ?;g Leu Ile
340 345 350
Thr Val Asn Pro Ile Val Thr Glu Lys Asp Ser Pro Val Asn Ile Glu
Ser Ser Thr Pro Leu Ala Glu Asn Thr Asn Ser Val Thr Asn Ile Glu 355 360 365
355 360 365
Ala Glu Pro Pro Phe Gly Asp Ser Tyr Ile Ile Ile Gly Val Glu Pro
Leu Glu Pro Pro Phe Gly Asp Ser Tyr Ile Val Ile Gly Val Gly Asn 370 375 380
370 375 380
Gly Gln Leu Lys Leu Asn Trp Phe Lys Lys Gly Ser Ser Ile Gly Lys
Ser Ala Leu Thr Leu His Trp Phe Arg Lys Gly Ser Ser Ile Gly Lys 385 360 365 400
385 390 395 400
Met Phe Glu Ser Thr Tyr Arg Gly Ala Lys Arg Met Ala Ile Leu Gly
Met Phe Glu Ser Thr Tyr Arg Gly Ala Lys Arg Met Ala Ile Leu Gly 405 410 415
405 410 415
Glu Thr Ala Trp Asp Phe Gly Ser Val Gly Gly Leu Phe Thr Ser Leu
Glu Thr Ala Trp Asp Phe Gly Ser Val Gly Gly Leu Phe Thr Ser Leu 420 425 430
420 425 430
Gly Lys Ala Val His Gln Val Phe Gly Ser Val Tyr Thr Thr Met Phe
Gly Lys 2la Val His Gln Val Phe Gly Ser Val Tyr Thr Thr Met Phe 435 440 445
435 440 445
Gly Gly Val Ser Trp Met Ile Arg Ile Leu Ile Gly Phe Leu Val Leu
@ly Gly Val Ser Trp Met Ile Arg Ile Leu Ile Gly Phe Leu Val Leu 450 455 460
450 455 460
Trp Ile Gly Thr Asn Ser Arg Asn Thr Ser Met Ala Met Thr Cys Ile
Trp Ile Gly Thr Asn Ser Arg Asn Thr Ser Met Ala Met Thr Cys Ile 465 470 475 480
465 470 475 480
2la Val Gly Gly Ile Thr Leu Phe Leu Gly Phe Thr Val Gln Ala
Ala Val Gly Gly Ile Thr Leu Phe lLeu Gly Phe Thr Val Gln Ala 485 400 495
485 490 495
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Dengue tetravalent vaccine containing a common 30 nucleotide deletion in the 3'-utr of
dengue types 1, 2, 3, and 4, or antigenic chimeric dengue viruses 1, 2, 3, and 4

SRR} The United States of America, as represented
US 10837003 B2 (2020.11.17) - by the Secretary, Department of Health and
=) .

Human Services(US)

The United States of America, as represented
by the Secretary, Department of Health and
Human Services(US)

15/710672 (2017.09.20)

Z4717t
ORy)RRY

oln
Ju

2024.02.05

IEIEIER KR Us EP JP CN

(IP5=7P7 1) - =2 AT A -

S e 1.1.1-a

The invention relates to a dengue virus tetravalent vaccine containing a common 30
nucleotide deletion (A430) in the 3'-untranslated region of the genome of dengue virus
serotypes 1, 2, 3, and 4, or antigenic chimeric dengue viruses of serotypes 1, 2, 3, and 4.

i
oz
-
od

1. An immunogenic composition comprising an attenuated Dengue 1 virus comprising a
deletion of about 30 nucleotides from the 3" untranslated region of the dengue 1 genome
corresponding to the TL2 stem-loop structure between nucleotides 10562-10591.

2. The composition of claim 1, wherein the attenuated Dengue 1 virus further comprises a
mutation generating a mutant having a phenotype comprising temperature sensitivity in
Vero cells or the human liver cell line HuH-7, host-cell restriction in mosquito cells or
the human liver cell line HuH-7, host-cell adaptation for improved replication in Vero
cells, or attenuation in mice or monkeys.

(3ol 1)

« 2 Sofs, 37| HIORIA BEH 1, 2, 3, L 4 im0 3-HIHe BB -UTR)O| BS 307 HE2UEIS
HA(430) T BHH 1, 2, 3, U 49 FY 012 Y7| HIORIAS BR5Hs 7| Hlo[2IA 47t
A0 st %)

il
or

(o) 74

« B S6l0) T8 12 W] 1 A5 35S 9l of 307He HRAQEIES A osat
27| 1 HIORIAS TEol= PR RSS HTOM /00, 47| ZME HERIQEISE 10562-105014
Aole} TL2 AB-2E X0 8

071 TL2 g2 & 2B & 2C0| ZAIE] JOH, 430 S¢HO[= DENTS| TL20| SiHol=,
DEN19| F22|2E|E 10562-105910] A= ALY

2 56| 373 2, HT 10M @7] 1 HOIAT} M2 ME E QI 2 MEF HuH-701Me]
2% 22, 27| ME E 12h 7t MBS HuH-701M2] 4% ME RIBH, B2 MZojel T
SHZ Plpt 2% ME S, FE 0124 FE HA001MS| Of3iS BFol BHYS 2e SOH0NE
QUK SIS £712 Talels Ul TYB0| B3t XY

OJE0] 2101l A30 45} SRIH0I= &I HO2IA 43(DENYOI 3 UTRZE 307He| H2RIQEISS
H7{5101 MAEIIO, 0] S0 H7I% HOI2IA 1H(DEN)2 ORYH REE fBAIZ 4 US
/30 SSHO|S EEH= DENA RO} SYUskn NE2 BAE HS0jA DENT 3-UTROI 30749
F32QEISE HPISIF XS HIO[2A DENAAS0 SAS HER SO 280[0lM d=sie XY

ool




m. el S0l S

T8 HORRIAS 28 4 US

+ Ol B2 HOI2iAS] OfF BB RS JHIGHL OfS2H17| SI5t0] 430 SLI07E RB5ICH=
%2 Lery

230 SHHOI O3 242t ST HY| HORIA R 1, 2, 3, U 48 BEGK= 47+ | Hlof2iA

HAS HARIUE. & 5019 47+ A7| HIO[2{A El2 RH= E SiE 7|2t H0[AS Hefotd, 071N

47| Hol2iA 23 1, 2, ¥ 39 71X R%KH= DEN4A309 oy 228 tiMet; 1, 2, ¥ 4=
DEN34309] iy 28 iAol 1 & 4= DEN24309 aiY 28 WAL 2, 3, ¥ 4=

DENT 4309 o 22 ChAet

U Ofol|Ad, Ol2fst 7|mj2t WY | HIO|2AE 430 SHHO| #Ot OfL|2t 7|2 S801 Qi AU=sslE.
ZIZI9] HIO[ZANIA 430 =3t SAH0|= Opdd HIO|MAR Mete= g UE £ Q5. 24 =%
$0[Q] RXA P MZ0, 430 S¢H0l= 47t WAlo] Zizto] M20| SR=E= 38 SHHO0|2
Fgct tieo] &

o 12 H|HY OPMY F1& 3 H|FIE HHHE 9l 35 430 st S¢IH0| MA| MES Zlsk= %@%%

LrEr fi= 47| HIO|HAS ZBIGH= 4 F=alE 47t A7 | HIO|2A BiAS LIERE. ZF J=20A 3° H|H
FAUTR)S A30 SAHHOIS HHXQI XIS SHHEE LIEHHUS

hO

Structural

R I RRETIEIRIIE
e m‘u'.‘:‘:u'"e..('m:.‘.‘.

R0

FIG. 1
* = 2=, 430 S¢H0= DEN4AS| 3 UTROIA 30742] A5H w32 QEIEE AMlet A0|H, =2
HRE|EE 3" YHOA GRS 4. DENT, DEN2, DEN3 % DEN4, 2] TL2 99| F22QE|E
ME & 19 430 REAE LEH

/Jﬂ\ /72\ TET 730
NS5 —#—-GGCCCGRAGT
SEQ 1D \!() 62
/ /
FIG. 2A r22%0
SEQ ID
FIG. 2B NO:
DEN1 GGGGCCC—. AACACCAGGGGAAGCUGUACCCUGGUGGUAA(;bACUAGA 63
DEN1A30 GGGGCCC = AL~ = = = o o e e e e e ot o ot e GA 64
DEN GGGGCCC AAGGLGAGAUGAAGCUGUAGUCUCACUGGAAG(‘ACUAGZ\_ 65
DFNZA 30 DA~ - UA

G(“"GCCCGAGCUCUGAGGGAA(:CU(:UACCU(,LUU(:LAAAL:L:A
DEN3A3O GGGGCCCAR — — = = = — = = e o e — GAC

:G’;G("CCGAAC‘CCAGGAGGAAGCUGUACU(, GGUGGAAGGACUAGA 67
BEN4A30 GGGEGCCC AR == = = e el e GACUAGA 64
DEN1 GGEGCCC-Aacaccac < JUgGUAAGGACUAGA 63
DEN2 GEGGCCC-AaggugagauGAAGCUGUAGT UggAAGGACUAGA 65
DEN3 GGGGCCCgAgoucugaggGARGCUGUACT gCaAAGGACUAGA 66
DEN4 GGGGCCCgAagecaggagGAAGCUGUAC ququAAGC’ALUAGA 67

DEN1 DEN2 DEN3 DEN4
SEQ ID NO: 68 SEQ ID NO: 69 SEQ ID NO: 70 SEQ ID NO: 71
Gea AGCAA ccAE? 2c&"?
G CAACAA ] ACAAARA G AUAAAAR a ACAAAA
[I-N a A c A A C
A A G A A A Ga A A G A a A ca
G-¢ G ] U a G <} G-¢ @ <] A A G G
c-6 & A G-C A c-G A A G-C A
G-C G*U G-C G*u G-C G*U G-C G*u
G-C A-U G-C A-U G-C Aa-U G-C A-U
G-C C-G G-C c-G G-¢ c-G G-C C-G
G-CC=GA G-CCc~GA G-CCcTGA G-CC-GA
c G c G c G < ]
C—-GACUA C-GACUA C-GACUA C~GACUA
¢ C+Ea c¥éa sE2er v
2] 8 2l 2 &l |
I A
T-GG UG G=C |
A-U G-C c-a& e ‘
c-G U-& u U |
c-G G-C c g |
A-U A~ o c i
aé G-¢ G-C |
G-C A-T A-U i
G-C UG G-C |
G EN G a G-C
a U J G A
a G a G | a U
G c U | G Cc U A
G cu
FIG. 2C
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20234 AE 2ty WM R&D W E6] M2 BN - AJ| HI0IZA(Dengue virus) -
G HAo L)
+ 2 5519 HAj0IM= 5-FU R SAH0IE 2= rDENA Bl SESHE MEEH F2EHS0(0IM
HO[HASE &2 _xe*é._f 21,
» rDEN4, rDEN4A30, = rDEN4A30-10634 HO|HAZ ZAE 2121 AS0|7t HIO[HARS S
LIEHARIL!, rDEN4A30-4995 E£= rDEN4A30-80922 A¥E 402 & 2012|7t HO[2ASES
LIEFLHRL
+ 102 521 (DEN HIOEIAZ ZI2ERt BOIRIABES Lkt SR} 291, (DENA30 Hi0JRiAL
HIOIHARSS UE= Eapt HUS
« JEE DENAA30 HlORIAZ ZieEl YA0j= HIOHABES LIELS YIpt SIS(E 7, & 3)
TABLE 7
Addition of point mutations to rDEN4A30 further
attenuates the virus for rhesus monkeys.
Geometric mean
No. of  Mean no. Mean peak  serum neutralizing
monkeys of viremic  virus titer antibody titer
No. of with days per  (log;o PFU/ _(reciprocal dilution
Virus® monkeys  viremia  monkey”® ml = SE) Day 0 Day 28
mock 2 0 0 <0.7 <10 <10
rDEN4 2 2 3.0 22 +0.6 <10 398
rDEN4A30 2 2 2.0 1.1 £04 <10 181
rDEN4A30-4995 4 2 0.8 0.9 +0.2 <10 78
rDEN4A30-8092 4 2 0.5 0.7 0.1 <10 61
rDEN4A30-10634 4 4 1.3 1.3 0.2 <10 107
“Groups of rhesus monkeys were inoculated subcutaneously with 10° PFU of the indicated virus in a 1 ml dose.
Serum was collected on days 0 to 6, 8, 10, 12, and 28. Virus titer was determined by plaque assay in Vero cells.
5Viremia was not detected in any monkey after day 4.
2.5
2.0 ~@- rDEN4.
~f#— rDEN4A30
= /- rDEN4A30-4995
§ 1.5 -@— rDEN4A30-8092
tg —O- rDEN4A30~-10634
£ 1.0
g N\ ) X
2 059
o
[ 1 2 3 4 5 6 8 10
Day post—infection
FIG. 3
+ 2 509 Y2 F22UREIE 10562-10591 A0[] TL2 AR-ZI X0 A3ok= &7] 1 A=<
3 HlgS) K9P} of 30 FEAQEIS ZATORM AE5HE W] 1 Ho[2AY
+ DEN14309] TL2 ¥Ho ME2 tait 23
<210> SEQ ID NO 5
<211> LENGTH: 16
@% XO‘|E <212> TYPE: RNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Dengue 1 delta 30
<400> SEQUENCE: 5

ggggcccaag acuaga
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8 Methods and compositions for dengue virus vaccines
Comiin = SIMHE|Rt | The University of North Carolina at Chapel
oS US 10870682 B2 (2020.12.22) (=X HilUS)
soms 16/105346 (2018.08.20) Z:J;;I Lfif(ULér)wlversny of North Carolina at Chapel
AERIE ==z =L 2034.06.26
B Ol eh)et= o
T2 IH2|=27t KR us EP JP CN
pra |0 (IPo=7PI®) | 78 | 52 | 52 | 7" | 2
SET S P 1.1.2-a, 1.1.2-b
The present invention provides compositions and methods of use comprising a chimeric
dengue virus E glycoprotein comprising a dengue virus E glycoprotein backbone, which
QOF comprises amino acid substitutions that introduce an epitope that is recognized by an
antibody from a dengue virus serotype that is different from the dengue virus serotype of
the dengue virus E glycoprotein backbone.

1. A chimeric dengue virus E glycoprotein comprising a dengue virus E glycoprotein
backbone that comprises the following amino acid substitutions that introduce an epitope
that is recognized by an antibody that is reactive with a dengue virus serotype that is
different from the dengue virus serotype of the dengue virus E glycoprotein backbone;
wherein the amino acid residue numbering is based on the reference amino acid
sequence of an E glycoprotein of dengue virus serotype 3 (DENV3) identified as SEQ ID
NO:1: T138S, Q158H, V160T, S169P, A173I, 1174Q, P176T, E177D, N272T, G275T, and

ZFQHSt S277T, and wherein said dengue virus E glycoprotein further comprises an insertion of
the amino acid residues T and E between amino acid residues 155 and 156.

2. A flavivirus particle or virus like particle (VLP) comprising the chimeric dengue virus E
glycoprotein of claim 1.

3. A composition comprising the chimeric dengue virus E glycoprotein of claim 1 in a
pharmaceutically acceptable carrier.

4. A composition comprising the flavivirus particle or VLP of claim 2 in a pharmaceutically
acceptable carrier.

(LE JHR)

+ 2 Sole HY S5ERE =49 WY HIO[HA SHAN et B2t LHE Reoke 7| HiO|2A
HHAIO] 2t5H 249

+ 4Z9| W HIO|2HA SHACERE] HS5k= MM 21210 FHIJ Cfet HSE MEZolcS ok= 439

HIO2IA = 4F0 MAF CiHEIO| 47} #iAlOZ HZE|0{o} &
+ 2 SolEH 0[Me| 47f 4of=3} 7|H2} H0|2A= Ef=O0A O|FOITI 2B YARMA 20|1U=
E5f Uig 2l

HeES WSO Rote A= UEIRHE. detiel X HEE REcl| ot 2™l galet 282
el UX| HAS. 15 012 HIO[HA HEHO0| T2 2t Fdop| H20H| Hlo|=HA 7190] HIHE

0pfats o2 M2t
DENV-1/3 2 DENV 3/1 7|02}

HiO|2{A= DENV-1 2 DENV-3 HY i & TZ22EQ &
SEA[0| Ofoh Q1A= OIEDS HAGHE T HIO[ZHAQL Ol= THUHIO[ZAZ 259 EHY
|-|_0.|| JII-IQ|.'|-5 7<§_|.8I-7'(-|_ or A 0|0-|o|: =13

Edi= 7|02t @7 Ho[2A E FHUAS FMSok=dl, 0] 7|02t @7| HO[2{A= HIO[ZA E

njo o

re oot

rc
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SEE sl €| HORIA SN SOIE 1 BORA FHER 1S

SO Sfaf QlAE=

i = — LOOL o
OIEDS Teoks Ofjdt XSS Tl B7| HIORRIA E YEY w=s T3
* oF HARJEHOIA, S| BIO[2A B FEEHE iR AT BIO[2A SEY 12869 01, BF HARJEHOIA

d7| HOl2HA B SHUE =R Y] HIO|HA SEY 32289 AY. LR HAIJEOIN =
7] Boj2fA 2 31t HEE0|1 (IS S0, 222 A 5J7), HE 2AIJEOIA Xz 47|

o
HO[2A Y 10 HS8Y

i

(el )
+ 2 S5jo] F78t 10 7KE FI02t H7) BlOJ2IA E QRS HI| HO[RA E TN wieo)
7| HIOIRIA BHEM= T2 7| HO[RIA SISO HSAHO! SO 5i0l ISl IEDS
Cl5k= O]t X[2K138S, Q158H, V160T, S169P, A173l, 1174Q, P176T, E177D, N272T,
G275T, & S277T)2 Estol= H7| HIO|HA E YHEE siEs TS5 A7| Ofl| it 27| o=
KIS 19) 97| Bio21A B 3DENV3)0I 713t 2011, A7| 7| Hlof2iA E geume
OfDjizAt Z17| 15594 156 MOIO T & EZ 712 Zafot= 40l 702t B7| HIOIRIAS TS
+ 2 55| 378 2 F78 19] T/ E7] 02 E YEHES T8k S2HH0I2A Rt E

BIOJ2IA QAR QIRHVLP)O i3t %Y
+ 2 55| H73 32 MO SigEe B 59 7 19 712t 7] Hol2iA E YHYs Ty
She 42| 23 Y
O

78 4= Hofsly SigEl= 9H 5
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njo
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o MefM, oF HAIEIOIA, = EE2 7] Bl0[3HA B SHUE W=o| WY| Hio[2A SR 4oet
47| BlO|HA SEH HSER! A0l sl QIAEE HILEDLS =sk= Of0|itt X[@ts Zetok=
b

(FQ Aol W)

« MAGOME, DENV-1, DENV-3 & $IX| 7|02} HIO|2{A WestPac-3001 §IX| (rDENV-1/3)0
Choll AlglEl 1xF DENV-1 & DENV-3 217t B HHEE MACIAS. & 201M YE2 25| HHUO|A
FYE BI0[HAL] 50%E S [=H Q7= T O Hig 2ME MAloke AC=Z, =2 U
= 40 2¥S HEH
a) DENV-1 1xt B HH2 DENV-15 Z=opi| S2tA7[X[2F DENV-32 JX| 441, DENV-1/32

DENV-12t %Arﬁ._ SO DENV-1 TS 30| ofet 310 Z-40|H, Ol= 2 DENV-3

HIO[HAL} CHEMOZ 7|2t HO[2{A7F DENV-1 B SH0| Qs QIAE= LEZES HASES
LtEHE]
FIG. 2A
Donor 019 (Primary DENV-1) Dorior 006 (primary DENV-1) Donor 106 {Primary DENV-1)
10600: 10000,
10003 3 s

1000, E

fold dilution
2
=3
fold dilution
fold dilution
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b) DENV-3 1Z} B &E2 DENV-12 S2HAI7IX| 2ZXI2H DENV-32 S2tAId. rDENV-1/32
DENV-32t RAtet SE0A DENV-3 1t B SH0| s S2liH, Ol= 7|02t BiO[2HA
rDENV-1/30| DENV-3 217t HY &Y & DENV-3 A0 2o BXaE= 5238 DENV-3
HIEDS HESS L

FIG.2B

Donor 118 {Primary DENV-3) Donor 125 (Primary DENV-3) Donor 033 {primary DENV-3)
100

10000:

1000,

fold dilution
fold difution
fold difution

oo
I
ox

* 2 SoftiA= 7[Hlet 7] H0[2A B SHHE0| Y= XES. 0] 7|Hiet &7| Hiol=A B JHUE
s 101 7|ME HiQp 20| EF QXA OHI|'A0] X[2(T138S, Q158H, V160T, S169P,
A1731, 1174Q, P176T, E177D, N272T, G275T, S277T)E 7| Hio[2A E LHEE sh=s 5t
ol 712 £% Of0lcAt 7] At0] (1552 156 AfOol T X E 7+ AU Y

A2, NHHS 32 WestPac74-3001 hinge(rDENV-1/3)2| 7|Hi2t W7 | HIO[2{A E STHHES LiEfA

<210> SEQ ID NO 3 Glu Gly Ala Met His Thr Ala Leu Thr Gly Ala Thr Glu Ile Gln Asn
<211> LENGTH: 395 260 265 270

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE Ser Gly Gly Thr Ser Ile Phe Ala Gly His Leu Lys Cys Arg Leu Lys
<223> OTHER INFORMATION: WestPac74 hinge (DENV 1/3) 275 280 285

<400> SEQUENCE: 3
Met Asp Lys Leu Thr Leu Lys Gly Met Ser Tyr Val Met Cys Thr Gly

Met Arg Cys Val Gly Ile Gly Asn Arg Asp Phe Val Glu Gly Leu Ser

v : To b 290 295 300

Gly Ala Thr Trp val Asp Val val Leu Glu His Gly Sexr ¢ys Val thx Ser Phe Lys Leu Glu Lys Glu Val Ala Glu Thr Gln His Gly Thr Val
205 310 315 320

Thr Met Ala Lys Asp Lys Pro Thr Leu Asp Ile Glu Leu Leu Lys Thr
3 as

s 40 Leu Val Gln Val Lys Tyr Glu Gly Thr Asp Ala Pro Cys Lys Ile Pro

Glu Ala Thr Gln Leu Ala Thr Leu Arg Lys Leu Cys Ile Glu Ala Lys 325 330 335
s0 ss 50
Ile Ser Asn Thr Thr Thr Asp Ser Arg Cys Pro Thr Gln Gly Glu Ala Phe Ser Ser Gln Asp Glu Lys Gly Val Thr Gln Asn Gly Arg Leu Ile
s 70 75 80 340 315 350
Thr Leu Val Glu Glu Gln Asp Thr Asn Phe Val Cys Arg Arg Thr Phe
85 %0 o5 Thr Ala Asn Pro Ile Val Thr Asp Lys Glu Lys Pro Val Asn Ile Glu
355 360 165

val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Ser
100 105 110
2la Glu Pro Pro Phe Gly Glu Ser Tyr Ile Val Val Gly Ala Gly Glu

Leu Ile Thr Cys Ala Lys Phe Lys Cys Val Thr Lys Ile Glu Gly Lys 370 375 380
115 120 125
val Val Gln Tyr Glu Asn Leu Lys Tyr Ser Val Ile Val Thr Val His Lys Ala Leu Lys Leu Ser Trp Phe Lys Lys Gly
130 125 140 385 390 395
Thr Gly Asp Gln His Gln Val Gly Asn Glu Thr Thr Glu His Gly Thr
145 150 155 160

Ile Ala Thr Ile Thr Pro Gln Ala Pro Thr Ser Glu Ile Gln Leu Thr
165 170 175

Asp Tyr Gly Ala Leu Thr Leu Asp Cys Ser Pro Arg Thr Gly Leu Asp
180 185 190

Phe Asn Glu Met Ile Leu Leu Thr Met Lys Asn Lys Ala Trp Met Val
195 200 205

His Arg Gln Trp Phe Leu Asp Leu Pro Leu Pro Trp Thr Ser Gly Ala
210 215 220

Ser Thr Ser Gln Glu Thr Trp Asn Arg Gln Asp Leu Leu Val Thr Phe
230 235 240

Lys Thr Ala His Ala Lys Lys Gln Glu Val Val Val Leu Gly Ser Gln
245 250 255
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Tetravalent dengue vaccine

SIXEZIAE | INTERNATIONAL CENTRE FOR GENETIC

US 10815280 B2 (2020.10.27) =) ENGINEERING AND BIOTECHNOLOGY(IN)

Eyad INTERNATIONAL CENTRE FOR GENETIC

16/211564 (2018.12.06) =) ENGINEERING AND BIOTECHNOLOGY(IN)

- Z87|7t
= OpharEe 2035.08.21

on

gz | KR | US | EP | JP | ON

17

(IP5=7171F) | - sz | g2 | g2 | ==

S SRR 1.1.2-a, 1.1.2-b

The invention provides a recombinant polypeptide comprising the EDIII domain of each of
Dengue virus serotype DENV-1, DENV-2, DENV-3, and DENV-4 linked to the N-terminal
of HBsAg.

i
oz
-
od

1. A tetravalent dengue vaccine comprising a virus like particle (VLP) comprising:
a. a_recombinant polypeptide comprising an EDIII domain of each of Dengue virus
serotypes DENV-1, DENV-2, DENV-3, and DENV-4, linked to an N-terminal of an
HBsAg polypeptide, as depicted below:
EDIII-1-——EDII-3-—-EDIlI-4-—-EDIlI-2-—-HBsAg;
wherein the dashed dashed line is a linker; and
wherein the amino acid sequence of the EDIII domains of each of Dengue virus
serotypes DENV-1, DENV-2, DENV-3, and DENV-4 is SEQ ID NO's 1, 2, 3 and 4,
respectively; and b. 4 units of an HBsAg polypeptide.

2. A method of eliciting neutralizing antibody titer against each of the four dengue virus
serotypes DENV-1, DENV-2, DENV-3 and DENV-4 in a subject in need thereof
comprising administering to the subject the tetravalent dengue vaccine of claim 1.

3. A method of treating or preventing dengue virus infection comprising administering to
a subject the tetravalent dengue vaccine of claim 1.

(LHO 74Q)

* 2 S0z HBsAg(BY 71 HI0[2AC] HH )2 N-ZHO| SHZE HY| Hio2iA SEA DENV-1,

DENV-2, DENV-3 2 DENV-4 Zt2t2| EDIII ZHQl(envelope domain I11)2 H&lsH= HEE 22

HEZ0) 25t XY

Q7| EDII EHIRI2 2= MR EAC| Q1 A F5t ainQ| s HFolH, WAt BiZd SIS Rol=

I TEH0| iR H2 A= HE0)| M2}, 471 TR SFEQ| RIXHMOI WY |H il oFpol S50t &

+ 2 5519 FMMO M=H, & UH2 7|ZE0] KR HHAI0] HisH CEt 22 g T A0 oM E

1. OflH| CIOJE{0l| M=M 2 SHAO] OUTET UF2 MO Algd SO 8Lt B3, 2. DENV 2HY
4Z DS0| EDIII-TR HBsAGE HElol= BiAIRL 3, Gy |0t O1L2} BY 71990} Liist HS/HOBIE MiZat

(Lo 4)
« 2 E5(0| H5H 12 [I2S TlsH= HIO[ZA QAL UAH(VLP)E T3lsH= 47} Q7| BiAS K5k QIS
a. HBsAg Z2[HIE[S0| N-TH0| A 7| Hio|2{A S DENV-1, DENV-2, DENV-3 3
DENV-4 ZiZto| ED IIl EHQIg Matok= MAFH Z2|HEIS: EDII-1---EDII-3-—-EDIlI-
4---EDIII-2---HBsAg;
b. HBsAg Z2IHEIE 471 Ti9lS Z3ts




A7| A7| HO|2A S-S DENV-1, DENV-2, DENV-3 2! DENV-4 ZIZ{0| ED Il E=H9I9]
Of|leAt MHS MEHS 1, 2, 3 3 402 51 U

« 2 E5{0| I2H, DSVADENVS| 471X XS0 Si5k= 471X EDIIIE 25 LEH= HBsAg 7|8t
VLP)2| CXRr2 HBsAg VLPsOi| 2220t MIEDS HA[GH= RTS,S(ZEZ|0f SiAl SH)O| CIXQ It
FAGIH, 2 UHA= HBsAgZt 22 OLEZE XAlot! HAlst= EHE dglg stoz doiE
CEHRIo] HAEME SIS 20612

Y 22 Y 19 47 QY| wie MO F0510, 015 HRE St CHaAOIA 471K
B7] Hio|2iA 2-& DENV-1, DENV-2, DENV-3 & DENV-4 ZiZ{0f| LSt SSIA| 7IE [
b= 2s Fyotl QU

e 32 7 19 47
= E= Ook= YHo

[e]]]
[0

Rallo)
wW

__,_D

27| SIS A3 TP FOfsHs 1S BB o7 Blol2iA Zeig
el B U

rr

(2 Ao LHE)

[& 3B, 3C]

« 2 E5{0] MAG0flA= DSVA VLPES DIRA 20 Bofafst 5, BIErSS BAGIAS. EDII-1,
EDIII-2, EDIII-3, EDIII-4 2 HBsAgQ| T 7HK| TLAQA0 CHSH BHRQ| ZXE EM5I6IHOM,
Ol 20|l Cifst Aot HAES0| YojLi= e HEGIRS. Lot DSVA-2EH0| 4719] DENVE

25 FSAYS HOGIAS

L]

FNT,y titers

~fg EDI-2
~i= EDi-3
~4- Lin- immunized

. & . & i

ELISA 0D,

-

4 2 3 4
N ol West-Ssci74 B16803 CH53288  TVP-360
1 2 4 8 16 32 64 NG4S

Sera Dilution (X103%) UNC2002
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i
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SNZEA UFHE Sai HEE 4719 DENV01| sligste 47H9] EDIIZ A EDII-TE HBsA(S)2f
SFEEO=R 310 EDII-T-HBsAGS 35f3h 0= HBsAGS] 47H0] L5l THIES @UlsH= HIE0A
224 EDII-T-HBsAg HBsAg% o= Wsisle 222 P2 DSVAQ| CIRIS S 28

Figure 1

EDHI-T

EDI-T-HBsAg 8 HBsAg &

oot
rdo
oA

.EE.||8I-$=]9

= e 10 st MZRE VLPL=Z, 0] VLP= 7| HiO|2A A DENV-T,
DENV-2, DENV-
A
1,

=
3 % DENV-49| ZI2t9| EDIII EMQlg malst
S3d DENV-1, DENV-2, DENV-3 % DENV-4 ZiZ{9| EDIII =H[Q19] OFD|At

+ &71 471 B0l =
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SEQ ID No:

—_

SEQ ID No:

Lcon wuMBER oF sma D Nes. 13
<Zl0> SEQ ID NO 2
T <211> LENGTH: 104
TXEErTET mangue virue syoe 1 <212. TYPE. PRT
cmavmmen. 1 <213- ORGANISH: Dengue virus type 2
Met Ser Tyr Val Met Cys Thr Gly Ser Phe Lys Leu Glu Lys Glu Val <400> SEQUENCE: 2
1 s 10 15 Met Ser Tyr Ser Met Cys Thr Gly Lys Phe Lys val Val Lys Glu Ile
1 5 10 15
Ala Glu Thr Gln His Gly Thr Val Leu Val Gln Val Lys Tyr Glu Gly
20 25 30 Ala Glu Thr Gln His Gly Thr Ile val lle Arg val Gln Tyr Glu Gly
20 25
Thr Asp Ala Pro Cys Lys Ile Pro Phe Ser Ser Gln Asp Glu Lys Gly
35 15 Asp Gly Ser Pro Cys Lys Thr Pro Phe Glu Ile Met Asp Leu Glu Lys
s 10 s
Val Thr Gln Asn Gly Arg Leu Ile Thr Ala Rsn Pro Ile Val Thr Asp
50 55 60 Arg His Val Leu Gly Arg Leu Thr Thr Val Asn Pro Ile Val Thr Glu
50 55 s0
Lys Glu Lys Pro Val Asn Ile Glu Ala Glu Pro Pro Phe Gly Glu Sexr Lys Asp Ser Pro Val Asn Ile Glu Ala Glu Pro Pro Phe Gly Asp Ser
€5 70 75 20 65 70 15 80
Tyr Ile Val Val Gly Ala Gly Glu Lys Ala Leu Lys Leu Ser Trp Phe Tyr Ile Ile Ile Gly Val Glu Pro Gly Gln Leu Lys Leu Asp Trp Fhe
85 20 95 s %0 o5
Lys Lys Gly Ser Ser Ile Gly Lys Lys Lys Gly Ser Ser Ile Gly Gln
100 100
<210> SEQ ID NO 3
<211> LENGTH: 104 210> SEQ 1D NO 4
<3125 TYDPE: DRT <211 LENGTH: 103
<213> ORGANISM: Dengue virus type 3 <212> TYPE: PRT )
<213> ORGANISM: Dengue virus type 4
<400> SEQUENCE: 3
<400> SEQUENCE: 4
Met Ser Tyr Ala Met Cys Leu Ren Thr Phe Val Leu Lys Lys Glu Val
1 s 10 15 Met Ser Tyr Thr Met Cys Ser Gly Lys Phe Ser Ile Asp Lys Glu Met
1 5 10 15
Ser Glu Thr Gln His Gly Thr Ile Leu Ile Lys Val Glu Tyr Lys Gly
20 25 10 Ala Glu Thr Gln His Gly Thr Thr Val Val Lys Val Lys Tyr Glu Gly
20 25 30
Glu Asp Ala Pro Cys Lys Ile Pro Phe Ser Thr Glu Asp Gly Gln Gly
s 0 P Ala Gly Ala Pro Cys Lys Val Pro Ile Glu Ile Arg Asp Val Asn Lys
E 10 45
Lys Ala His Asn Gly Arg Leu Ile Thr Ala Asn Pro Val Val Thr Lys Glu Lys Val Val Gly Arg Ile Ile Ser Pro Thr Pro Phe Ala Glu Asn
50 55 50
50 55 50
Lys Glu @lu Pro Val Asn Ile Glu Ala Glu Pro Pro Phe Gly Glu Ser Thr Asn Ser Val Thr Asn Ile Glu Leu Glu Arg Pro Leu Asp Ser Tyr
65 70 75 80 65 70 75 80
Asn Tle Val Ile Gly Ile Gly Asp Lys Ala Leu Lys Ile Asn Trp Tyr Ile val Ile Gly Val Gly Asp Ser Ala Leu Thr Leu His Trp Phe Arg
85 920 95 85 90 95
Arg Lys Gly Ser Ser Ile Gly Lys Lys Gly Ser Ser Ile Gly Lys
100 100
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Development of dengue virus vaccine components

The Government of the USA as represented
by the Secretary, Dept. of Health and Human
Services(US)

SUAREIA}

US 11332722 B2 (2022.05.17
( Ee

The Government of the USA as represented
by the Secretary, Dept. of Health and Human
Services(US)

Eyeiul

16/912359 (2020.06.25) (=)

EISTRL

Opyergy | 2027:10.04

oln
J

IHY2|=27} KR usS EP JP CN

16
(IP5=717 %) - ==z =2 - !

S JEeR 1.1.1-a

The invention is related to a dengue virus or chimeric dengue virus that contains a mutation
in the 3" untranslated region (3'-UTR) comprising a A30 mutation that removes the TL-2
homologous structure in each of the dengue virus serotypes 1, 2, 3, and 4, and nucleotides
additional to the A30 mutation deleted from the 3'-UTR that removes sequence in the 5’
direction as far as the 5" boundary of the TL-3 homologous structure in each of the dengue
serotypes 1, 2, 3, and 4, or a replacement of the 3'~UTR of a dengue virus of a first serotype
with the 3'-UTR of a dengue virus of a second serotype, optionally containing the 430
mutation and nucleotides additional to the A30 mutation deleted from the 3'-UTR; and
immunogenic compositions, methods of inducing an immune response, and methods of
producing a dengue virus or chimeric dengue virus.

A
B
oz
4
0%

1. An immunogenic composition that is tetravalent for dengue serotypes 1, 2, 3, and 4,
wherein the composition comprises a nucleic acid encoding a chimeric dengue virus
comprising rDEN3 wherein the 3"'-UTR has been replaced with DEN4.430, wherein the A
30 mutation deletes nucleotides from about 172 to 143 of the dengue 4 3'-UTR,
designated with the reverse—order numbering system.
6. A method of producing a nucleic acid encoding a dengue virus or chimeric dengue virus,
comprising introducing a mutation in the 3’-untranslated region (3'-UTR), wherein the
mutation is a 430 mutation that removes the TL-2 homologous structure in the 3'-UTR and
introducing an additional mutation, wherein the additional mutation comprises one or more of:
(a) 431, corresponding to deleted nucleotides 258-228 of the 3'~UTR of DEN3 Sleman/78
and having the deletion junction -CUGCAGACU-;

(b) 450, corresponding to deleted nucleotides 192-143 of the 3'-UTR of DEN3 Sleman/78
and having the deletion junction -CACAAGACU-;

(c) 461, corresponding to deleted nucleotides 173-113 of the 3'~UTR of DEN3 Sleman/78
and having the deletion junction -CCGAAUAAA-,

(d) 480, corresponding to deleted nucleotides 192-113 of the 3'~UTR of DEN3 Sleman/78
and having the deletion junction ~-CACAAUAAA-;

(e) A4116(A), corresponding to deleted nucleotides 228-113 of the 3'-UTR of DEN3
Sleman/78 and having the deletion junction ~UAGCAUAAA-;

(f) A116(B), corresponding to deleted nucleotides 258-143 of the 3'-UTR of DEN3
Sleman/78 and having the deletion junction ~-CUCCAGACU-; and
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(9) 4146, corresponding to deleted nucleotides 258-113 of the 3'-UTR of DEN3
Sleman/78 and having the deletion junction ~CUGCAUAAA-.

(el 74
+ 2 S5i= 37| Ho2IA T 7R E7) HO[2IAY Tot 202, Hrt THHORE HY| Hioj2iA S
2,3 % 4 750] 3-HIHE] P (3-UTR)S SHHOINZ H7| HIORIA BAIS s |= 7H20)

A BHH 1,2, 3 e-< 21210f) QU= TL-2 A TES HABK= 430
SOIH0|S FFGH= 3-H¥o FO (3-UTR)S| SHH0|S T3HD QIO0, 47| 430 SHHO|ZEE]
F71HO2 MNE FBUSECI} 5 waoz H'7| 3% 1, 2, 3 2 49| 220] TL-3 A £
5 ZAIK AIBAS RIS 2 EEOPIL, Eﬂ7| Bi0[2iA0| A1 o] 3-UTRE A2 Eefol 27|
Hi0[2A0) 3-UTRZ CIHSHS 22 TEGIH, MEEHOZ 430 SOM0[et 47| 430 SHHO0|2LE

FI1MOR ANIE BYEICE HIT 4 3

DOII OlI

DIO

(&g 714)

. 2 E50| HASH 12 Wy SAME 1.2, 3, U 40| [fEt 47} HOIYN XM= xeram Ql=m|, Al
XHE2 3'-UTRO| DEN4A3022 CHA|E rDEN3S HZalok= 7[H2t A | Hio2A TY sidts It
otl, 7| 430 2AH0|l= G= M3 HMAZ W7 4 3'-UTRS| of 1728 1439| wEdREET}
E=A

2 5019 F7Y 62, &7| H0[HA E= (M2t Y| HI0|HAS QIREol:s it é;tﬁl'— dEo=,
7| L2 3-HHY GHE-UTR)M SAHOIS =ok= WS Eeolt 0] SAHHO0L= 3-UTROA]
TL-2 RA #2E MHoks 430 SH0|0|1, 7tz TE & St 019 SAUH0IE Eok=
%S B

(a) 4312 DEN3 Sleman/789] 3'-UTRQ| ANl w22 QE|= 258-2280] aiiyotH, AK| A2
-CUGCAGACU-E 7t

(b) 4502 DENS Sleman/782] 3'-UTRQ| AtH|El F2H|QEIE 192-1430] of{EsotH, AMK| HAE
-CACAAGACU-E 71

(c) 4612 DEN3 Sleman/789] 3'-UTRQ| ANl F2H|QEIE 173-1130] oiiEstH, AN A2
-CCGAAUUAAA-E T3

(d) 4802 DEN3 Sleman/782] 3'-UTRQ| AA|E FEZQEIE 192-1130] SHYSIHH, AH| HEEL
-CACAAUAAA-E 7H%;

(e) A116(A)2 DEN3 Sleman/782] 3-UTR2| AX|E F22|QEI= 228-1130] sHHoH, Ak AL
-UAGCAUAAA-E 7%,

(f) A4116(By= DENS Sleman/782] 3-UTRQ| AfK|= F22|QE|= 258-1430 of{=fotH, ALK HEE
-CUCCAGACU-E 7%,

(9) 41462 DEN3 Sleman/782] 3'-UTRQ| AlK|E 722 QE|E 258-1130| ciEolH, AfK| HEE
-CUGCAUAAA-E 717

R 2 L)
* DEN3 HO|HAZ H2IXBh = SHOM BIAA FVE ZFeF 20, 22{9]
I

HEE St A +=0M O
RrolEE LR
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TABLE 7

Replication and immunogenicity of rDEN3 mutant viruses in rhesus monkeys.

Geometric mean serum Post-challenge®

% of Mean no. Mean peak  neutralizing antibody % of Mean peak
monkeys of viremic  virus titer? titer monkeys  virus titer?

No. of with days per  (log,, pfu/ reciprocal dilution 3 with (log, o pf/

Virus! monkeys  viremia monkey ml = SE) Day 0 Day 28 viremia ml = SE)

DENS (Sleman/78) 4 100 3.5 1.8 £0.1 <5 253 0 <1.0

rDEN3A30/31 4 0 <1.0 <5 304 0 <1.0
rDEN3A86 4 0 0 <1.0 <5 224 0 <1.0
1DEN3-3D4 4 75 1.5 1302 <5 229 0 <1.0
tDEN3-3'D4A30 4 0 0 <1.0 <5 77 0 <1.0
mock infected 2 0 0 <1.0 <5 <5 100 1.8+0.2

1Groups of thesus monkeys were inoculated subcutancously on day 0 with 5.0 logyo PFU of the indicated virus ina 1 ml dose. Serum was collected
daily on days 0-8 and 10 and once on day 28.

2Virus titer in serum was determined by plaque assay in Vero cells.

3Plaque reduction (60%) neutralizing antibody titers were determined using DEN3 (Sleman/78).

4M0nl<eys were challenged after 35 days with DEN3 (Sleman/78) administered subcutancously in a 1 ml dose containing 5.0 log)o PFU. Serum was
collected daily on days 0-8 and 10.
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11 Dengue virus vaccine compositions and methods of use thereof
e SRR
=S US 10449243 B2 (2019.10.22) (=) Merck Sharp & Dohme Corp.(US)
_ _ Erahd!
EHHS 15/536319 (2015.12.18) Merck Sharp & Dohme Corp.(US)
(@5 P P
R = ELT12t
VS =
MERHE S5 (OpharRe 2035.12.18
maz " 2|27} KR uS EP JP CN
=7t = (IPS=717IF) | - | 52 | aAE | 7" | #5t
sasz A et 1.1.1-a, 1.1.2-a
The present invention relates to dengue virus vaccine compositions comprising a first and
a second dengue vaccine, wherein the first dengue vaccine comprises at least one live, 5
attenuated dengue virus or live, attenuated chimeric dengue virus and the second dengue
vaccine is a recombinant dengue subunit vaccine, a DNA vaccine, a conjugate vaccine, or
an inactivated dengue vaccine; wherein the genome of the live attenuated dengue virus or
oot the live attenuated chimeric dengue virus comprises a 30 nucleotide deletion of the TL2
- stem-loop structure of the 3" untranslated region. The dengue virus vaccine compositions
of the invention may further 10 comprise one or more adjuvants. In preferred embodiments
of the invention, the first and the second dengue vaccine are tetravalent. The invention also
relates to methods of using the dengue virus vaccine compositions of the invention to treat
or prevent dengue infection, or to prevent, ameliorate, or delay the onset or progression of
the clinical manifestations thereof.
1. A dengue virus immunogenic composition comprising a pharmaceutically effective amount of:
(a) a tetravalent live attenuated dengue immunogenic composition comprising at least one
live attenuated dengue virus (LAV) or at least one live attenuated chimeric flavivirus
(LACV), wherein the LAV and the LACV comprise a viral genome that contains a
deletion of about 30 nucleotides corresponding to the TL-2 stem-loop structure of the
3" untranslated region (UTR), wherein the about 30 nucleotides corresponds to
nucleotides 172 to 143 from the 3" end of the viral genome; and
(b) a tetravalent dengue subunit immunogenic composition which comprises truncated
dengue E proteins, or fragments thereof, from dengue virus type 1 (DEN1), dengue
~oms virus type 2 (DEN2), dengue virus type 3 (DEN3), and dengue virus type 4 (DEN4),
T oTl o

wherein each of the truncated dengue E proteins constitute about 80% of the length
of wild type dengue E proteins of DEN1, DEN2, DEN3and DENA4, respectively, starting
from amino acid residue 1 at its N-terminus.
18. A method of reducing the likelihood of dengue infection, or preventing or ameliorating
the symptoms of dengue infection, comprising the steps of:

(a) mixing a first and a second dengue immunogenic composition to form a dengue virus
immunogenic composition, wherein the first dengue immunogenic composition is a
tetravalent live attenuated dengue immunogenic composition comprising at least one
live attenuated dengue virus (LAV) or at least one live attenuated chimeric flavivirus
(LACV), wherein the LAV and the LACV comprise a viral genome that contains a
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deletion of about 30 nucleotides corresponding to the TL-2 stem-loop structure of the
3" untranslated region (UTR), wherein the about 30 nucleotides corresponds to
nucleotides 172 to 143 from the 3" end of the viral genome; and wherein the second
dengue immunogenic composition is a tetravalent dengue subunit immunogenic
composition which comprises truncated dengue E proteins, or fragments thereof, from
dengue virus type 1 (DEN1), dengue virus type 2 (DEN2), dengue virus type 3 (DEN3),
and dengue virus type 4 (DEN4), wherein each of the truncated dengue E proteins
constitute about 80% of the length of wild type dengue E proteins of DEN1, DEN2,
DEN3 and DEN4, respectively, starting from amino acid residue 1 at its N-terminus;
and

(b) administering the dengue virus immunogenic composition of step (a) to a patient in
need thereof.
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« ANOOIA] 2 S5i0] Bioieny ZHBL 430 47} MOISS B7| HOI2A A(430 LATV)Z 47
TEE ©7| HEQH HA SE(/180)S T3t
HAOIS Saf 2 Sof 7| YRO| He o] WS(E3 A ot 2A)S SO

(2 2]
= 5512 &) Q2 749 47t Mz W7 NE [ i 22(V180) H 430 47t &Y| o=zt
A (430 LAV))Z 37HA| JEC= o|2i0F Hs0[0f S0
TABLE 2

Schedule and Formulations Used in Rhesus Macaque Immunogenicity Study

Formulation/Schedule

Group Animal ID Week 0 Week 16

1 ALORO70  A30 LAV (10e5 pfu each LAV)  A30 LAV (10e5 pfu each)
ATE030  Administered SC (0.5 ml) Administered SC (0.5 ml)
ATX034
03D350

2 ALOL106  A30 LAV (10e5 pfu each LAV)  Tetravalent DEN-80E
ATEO0L7  Administered SC (0.5 ml) (10, 10, 10, 20 pg each BOE)/
05D039 Alhydrogel ® (225 pg)
04D300 Administered IM (0.5 ml)

3 ALOROBO  A30 LAV (10e5 pfu each LAV)/ A30 LAV (10e5 pfu each LAV)/
ATEOTS Tetravalent DEN-80E Tetravalent DEN-80E
99D174 (10, 10, 10, 20 pg each 80E) (10, 10, 10, 20 pg each R0E)/
03D329  Alhydrogel ® (225 pg) Alhydrogel ® (225 pg)

Administered IM (0.5 ml) Administered IM (0.5 ml)

[ 5]

- V1802t 430 LAVS| S0f Higi0f M2 A7| BE 20 TSt DEVI, DEV2, DEV3 Y DEVAS] 43t
7\6f3t% T 3t ot B0l A} 18 39| V1809 A30 LAV, BEH| ZBS E2Ho| Al Xtof
i, 18 1 2 29 20| 430 LAV TS AIBEC 9482 USSIE 202 2 4 U8

£ 10000 DEN 1 10000 DEN 2

= 1000 1000

=z

g 100 100

2

ES 10 10

5 1=t T T T T ] 14 T T T T 1

0 1 2 3 4 5 0 1 3 4 5

= 10000 DEN 3 10000 DEN 4

= 1000 1000

z

g 100 100

=

B 10 10

g 1= T T T T 1 1+ T T T T 1

0 1 2 3 1 3
Month Month
DEN-BOE=10, 10, 10, 20 pg = 130 LAV=(5C; 0, 4 months)
A30D LATV=10e5 pfu each —&— A 30 LATV-(SC; 0 months)/tetra DEN-BOE-Alhydrogel (IM;4 months)
Ahydrogel™ =225 g —h— A 30 LATV-Tetra DEN-BOE-Alhydrojel (IM;0, 4 months)
FIG.b5
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12 VACCINE COMPOSITIONS FOR THE PREVENTION OF DENGUE VIRUS INFECTION
e IR} .
k=l EP 2877208 B1 (2021.05.12) =x) Sanofi Pasteur(FR)
= = Z¢0 .
ki 2013-741748 (2013.07.24) (=) Sanofi Pasteur(FR)
AR = ==l 2033.07.24
= =5 ey o
g 13 Ijelz|=27} KR usS EP JP CN
=7h = (Po=/PIE) | 74" | 7| | 58 | 58 | S8
S82fF | A T 1.1.1-a
oot The present invention relates to vaccine compositions that are useful in a method of
- protecting a human subject against dengue disease.
1. A vaccine composition for use in a method of protecting a human subject against
dengue disease, wherein said composition comprises a dengue antigen of serotype 1,
a dengue antigen of serotype 2, a dengue antigen of serotype 3 and a dengue antigen
of serotype 4:
wherein said dengue antigens of serotypes 1, 2, 3 and 4 are each a live attenuated
chimeric virus and wherein said live attenuated chimeric dengue viruses comprise a
yellow fever virus genome whose prVI-E sequence has been substituted with the
FQHTSE prM-E sequence of a dengue virus;
wherein said human subject is 2-45 years of age and has previously been infected
by a dengue virus;
and wherein said method comprises administering said composition in a first dose, a
second dose and a third dose and wherein said second dose is to be administered six
months after said first dose and wherein said third dose is to be administered twelve
months after said first dose and wherein said doses are administered via a subcutaneous
route.
(L JHR)
« 2 Sol= 97| EEL0HP), 97| 54 E27(DSS) & 47| Hio[2AR Qlsl LMGH= Mzist
SHE0| Loikl= AY| Hio|HA ZE A0 Ciolf o2het &~ QU= HAS JHLSIIAL of¥S
+ 0l0f B HHoIM= - 1 LIK| 401 EH%ﬁl'i 74 |@7) BiAlS ARESI0] "] A0 TheE 217t
DA AP Otfok= 20Nl Choll SITiotds
(L 1Y)
S5l W& - = 5019 7_‘*—_rlsr 12 S8 1 UKl 49| &7| g Halok= Wil REES FYoi, olm 2™

=
=2 7—?’* Mot=5| 7|2t HEO|2AZ, prM-E ME0| |7 HIO|HAL| prM-E
H=g maet

NE2 ~45A1I HZO| E7| HIO[ZHA0| ZE M| = RS EH“j
0, 6, 127H9401| 7E*7<4 3§| |5f S0{5k= Yol ABEC SPEE0] QE=E, % E
2~45M|9] Cifot AFOS| HY 3 0y S QR I[RIXE ACE
330 ZX S0fot= WHE Sof MBE0 HY| Ret 10l thst =2 ol s1k2 7 £ Uss
oozt
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Table 1: Serotype-specific and overall efficacy of CYD tetravalent dengue vaccine against virologically-
confirmed dengue disease

Dengue vaccine Control Efficacy

Person- Cases or Person- Cases or o (95% CI1)
years at Episodes” years at Episodes®

risk risk

>28 days after 3 injections (per-

protocol analysis)

Cases 2522 45 1251 az 30-2 (-13-4-56-6)
Serotype 1 2536 a 1251 10 556 (-21-6-84-0)
episodes

Serotype 2 2510 3 1250 1w 22 (-75-3-51-3)
episodes

Serotype 3 2541 1 1257 2 753 (-

episodes 375-0-99-6)
Serotype 4 2542 [} 1263 4 100 (24-8-100)
episodes

NS1 Antigen 2542 4 1265 o ND MND

positive only

episodes

»>28 days after 3injections (Full

analysis sot)

Cases 2620 46 1307 24 25 (-B8-5-57-8)
Serotype 1 2633 a 1308 10 553 (-22-5-83-9)
episodes
Serotype 2 2608 32 1307 19 156 (-57-6-53-6)
episodes
Serotype 3 2638 1 1312 2 751 (-378-99-6)
episodes
Serotype 4 2641 [} 1320 4 100 (-24-3-100)
episodes
NS1 Antigen 2640 4 1322 o MND MND
positive only
episodes

=28 days after at least 1

(Full injection analysis
sat)

Cases 5089 75 2532 56 33-4 (4-1-53-5)
Serotype 1 5130 14 2564 18 61-2  (17-4-82-1)
episodes

Serotype 2 5107 51 2560 26 1-7  (-84-3-30-8)
episodes

Serotype 3 5144 4 2565 10 a1 (30-9-95-4)
episodes

Serotype 4 5149 1 2577 5 20-0 (10-5-99-8)
episodes

=28 days after at least 1

(Full injection analysis
set)

NS1 Antigen 5147 5 2579 1 -150- (-
positive only s 11750-72-0)
episodes

Data are number except where indicated. ND: not determined. "A ‘case’ was defined as a first episode of dengue

fever virologicalby -cor by either serotype-specific PCRs, or NS1 antigen ELISA. Serotype-specific afficacy was

calculated induding all episodes of that serctype: 5 children with two virclogically confirmed dengue episodes during
the study were therefore included twice in the serotype-specific analysis.
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« 5ol gt 7Iz 32 13132] A71Z AI(13182] 021017} 136742] IAEES ZAUS)7t HIO[2{A
SIXOR SIOIEIIST), H7|20) LT Q| 35 UM TE 2ol HEZ(RXI 503, B3
2 #i So)0) Hig 217k R US| Rfst HATt EHAE
(& 2]
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dengue during the trial

Table 2: Incid ofh Vi

CYD Dengue Vaccine Group (N=2666) Control Group (N=1331) Relative Risk

Time period | M Cases Annual Incidence Rate (95%Cl) nOccurrences | M Cases Annual Incidence Rate (95%CI) n Occurrences | RR (95%Cl)
Year 1 2666 8 0.31(0.1;06) 8 1331 7 05(0.2:1.1) 7 0571 (0.181, 1.85)
Year 2 2557 24 09(05; 1.3) 24 1282 23 17(1.0;25) 23 0.523 (0.283, 0.970)

Year 1= D0 to injection 3 ; Year 2 = Injection 3 to the end of Active Phase

o CJOH SX8 M2} §50| CI2 UAS BF=D|, M| B Z=A} & DENV1, DENV3, DENVAO| CHt
852 55.3%-100% H{0|H, DENV20| Cist €52 15.6%%US

2T
* 0[0f 2 LH2 HA02 L 30114 DEN20IIAS] Z&aKE H7| didl 50| AHGI, MY 2 20|

tHEke FIMEt ©7] BOJ2IAS Chimerivax™ 7142 AZ3I0 HIZsHD IS

ol

ox

0
I

« 2 2% CYD-1 WK| 4 ME= MEES] 7|22 &Xs6H JAS(WO 98/37911, WO 03/101397,

[

WO 07/021672, WO 08/007021, WO 08/047023 % WO 08/065315)
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Dengue virus vaccine compositions and methods of use thereof
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The present invention relates to dengue virus vaccine compositions comprising a first and
a second dengue vaccine, wherein the first dengue vaccine is a live, attenuated dengue
vaccine and the second dengue vaccine is a recombinant dengue subunit vaccine or an
inactivated dengue vaccine: wherein the live attenuated dengue vaccine comprises at
least one live, attenuated dengue virus or at least one live attenuated chimeric flavivirus.
The dengue virus vaccine compositions of the invention may further comprise one or
more adjuvants. In preferred embodiments of the invention, the first and the second
dengue vaccine are tetravalent. The invention also relates to methods of using the
dengue virus vaccine compositions of the invention to treat or prevent dengue infection,
or to prevent, ameliorate, or delay the onset or progression of the clinical manifestations
thereof.
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1. A dengue virus immunogenic composition comprising a first and a second dengue
composition and an adjuvant, wherein the first dengue composition is a tetravalent live,
attenuated dengue immunogenic composition and the second dengue composition is a
tetravalent non-replicating dengue immunogenic composition;
wherein the live attenuated dengue immunogenic composition comprises at least one
live, attenuated dengue virus or at least one live attenuated chimeric flavivirus, and
wherein the tetravalent non-replicating dengue immunogenic composition comprises
dengue E protein, or fragment thereof, from dengue virus type 1 (DEN1), dengue virus
type 2 (DEN2), dengue virus type 3 (DEN3), and dengue virus type 4 (DEN4).

2. The composition of claim 1, wherein the non-replicating dengue immunogenic composition
is a recombinant dengue subunit immunogenic composition vaccine or an inactivated
dengue immunogenic composition.

3. The composition of claim 1, wherein the E proteins each constitute about 80% of the
length of wild type E of DEN1, DEN2, DEN3 and DEN4, starting from amino acid
residue 1 at its N-terminus.

4. The composition of claim 1, wherein the adjuvant is an aluminum salt adjuvant.
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TABLE 2

Concentration of Tetravalent Test Samples

Pre Field Mix Post Field Mix
S. # Adjuvant/Antigen Dose (0.5 ml) Concentration Concentration
1 D-PBS n'a n/a n/a
2 tetravalent DEN-80E  DENI-80E- 10 pg 200 pg/ml DEN-80E 100 pg/ml DEN-BOE
DEN2-80E- 10 g (1-4) (1-4)

DEN3-80E- 10 pg
DEN4-80E- 20 pg
3 tetravalent DEN-BOE + DENI-ROE- 10 pg 200 pg/ml DEN-80E 100 pg/ml DEN-ROE
IMX DEN2-R0E- 10 pg  (1-4) (1-4)
DEN3-B0E- 10 pg 240 ISCO units/ml 120 ISCO units/ml
DEN4-R0E- 20 pg

IMX- 60 ISCO
4 tetravalent DEN-80E + DEN1-80E- 10 pg 200 pg/ml DEN-80E 100 pg/ml DEN-80E
MAA DEN2-80F- 10 g (1-4) (1-4)

DEN3-80E- 10 pg 900 pg/ml MAA 450 pg/ml MAA
DEN4-BOE- 20 pg
MAA- 225 png

All formulations were stored at 2-8° C. prior to field mixing with LAV

CESH SIU2I0F HB0[0A A1 Q7| AR ATt LAV W7 1-4("YF-DEN")Q| Mf=3} 7|02t
= | [HAE, M2 QY| #AMOo2 47} [iZEE W7 | MERW S (V180)8 AtEot0] HIO[2A
S 20I5IFE
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TABLE 5

Schedule and Formulations Used in Rhesus Macague Immunogenicity Study

Animal Formulation/Schedule
Group ID Week 0 Week 24

1 A101.143  Tetravalent YF-DEN (10e3 pfu each) Terravalent YF-DEN (10e5 pfu each)
ABLOSG Administered SC (0.5 ml) Administered SC (0.5 ml)
S103
070047

2 ABLOSE Tetravalent YF-DEN (10e5 pfu each) Tetravalent DEN-80E
T87 Administered SC (0.5 ml) (10, 10, 10, 20 pg each BOE)/
A1OROS54 MAA (225 pg)
07D096 Administered IM (0.5 ml)

3 AOROLE Tetravalent YF-DEN (10e5 pfu each) Tetravalent DEN-80E
T118 Administered IM (0.5 ml) (10, 10, 10, 20 pg each 80E)/
S63 MAA (225 pg)
ABLIOR Administered IM (0.5 ml)

4 AlORO47  Tetravalent YF-DEN (10e5 pfu each)/ Tetravalent YF-DEN (10e5 pfu cach)/
070041 Tetravalent DEN-80E Tetravalent DEN-ROE
T99 (10, 10, 10, 20 pg each SOE)/ (10, 10, 10, 20 pg each BOE)/
ASRO43 MAA (225 png) MAA (225 pg)

Administered IM (0.5 ml) Administered IM (0.5 ml)

5 Al0L144  Tetravalent YF-DEN (10e5 pfu each)/ Tetravalent YF-DEN (10e5 pfu cach)/
AsL111 Tetravalent DEN-80E Tetravalent DEN-80FE
Ti16 (10, 10, 10, 20 pg each S0E)/ (10, 10, 10, 20 pg each BOE)
AGRO28  ISCOMATRIX (30 ISCO units) ISCOMATRIX (30 ISCO units)

Administered IM (0.5 ml)

Administered IM (0.5 ml)

(&= 5]
- 9| H 59| A3 JE 1 WK| 59| DEV1, DEV2, DEV3 2 DEVAY| Ciet T 53 o= &0l
- 11& 19 DENY 30f HFSolX| 42 oitel 325 Melet BE HY s=01M Hi0l2A-5=
S| 1120 25E
Dengue Serotype Meutrolizing Antibody Titers (LiCersq GMT) Induced in Rhesus Mocoques of Week 4 (4 weeks post dose 1)
Group | Monkeys kot o6 Anti-DENY=1 | Anti~DENY-2 | Anti-DENV-3 | Anti-DENV~4
o Formulation/Schede . Worgg | LCorsg | LCorgg | Liorsg
Group Week 0 Weck 24 Tters (GMT) | Trers {GMT) | Tters (CMT) | Tters (GMT)
1 4 Tetravalent YF-DEN Tetravalent YF-DEN 48 1280 57 a
(10e5 pfu each) {1065 pfu ecch)
Administered SC (0.5 mi} | Administered SC (0.5 mi)
2 4 Tetrovalent YF-DEN Tetrovaient DEN-80E 34 320 4 28
{105 pfu each) (10, 16, 10, 20 g each BOE)
Administered SC (0.5 mi} AR (235 ug)
Administered M (65 mi)
3 4 Tetrovalent YF-DEN Telrovalent DEN-80F 269 1076 pins an
(105 pu egen) (10, 18, 10, 20 uy each BOE}
Administered M (0.5 mi) JMAh (225 pa)
Administered M f‘ﬁ.s mi)
4 4 Tetravalent YF-DEN Tetrovalent Y -DEN 263 1076 135 95
(1085 pfu each) {1085 pfu each)
/ Tetravaient DEN-BOE / Tetravalent DEN-BOE
(10, 10, 10, 20 g {1, 10, 10, 20 5
eqch 80E) / MAA (225 sg) | each BOE} / MAA (205 o)
Administered M (0.5 mij | Admirislered M (0.5 mi)
5 4 Tetravalert YF-DEN Tetrovalent YF-DEN 135 1522 453 95
(1065 pfu each) {1025 pfu each)
/ Tetravaient DEN-B0E / Tetravalent DEN-BOE
(50, 10, 10, 70 pg {19, 10, 10, 20 ig
each B0E) each B0E)
/ 1SCOMATRIX TM / ISCOMATRIX M
(36 1500 units) (30 500 nits)
Kdministered M (05 mi) | Administered M (0.5 mi)
LiCorgq result of <10 considered 5 for purposes of caiculating GMT. FIG . 5
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* Guirakhoo et al., Journal of Virology, 74(12): 5477-5485 (2000); Guy et al., Vaccine 28: 632-649 (2010); Monath T. P.
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Vaccine compositions against dengue virus diseases
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The present invention relates to vaccine compositions that are useful in a method of
protecting a human subject against dengue disease.

1
x0)
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1. A method of protecting a dengue immune human subject against dengue disease
caused by a dengue virus of serotype 2, comprising
A) administering only 2 doses of an effective amount of a vaccine composition to the
dengue immune human subject, wherein the doses are 6 months apart, and
wherein said composition comprises a dengue antigen of each of serotypes 1 to 4,
wherein said dengue antigens of serotypes 1 to 4 are each a live attenuated

chimeric _dengue virus comprising a vyellow fever virus genome whose prM-E
sequence has been substituted with the prM-E sequence of a dengue virus:
wherein the prM-E sequence of the dengue antigen of serotype 1 comprises SEQ
ID NO: 1, the prM-E sequence of the dengue antigen of serotype 2 comprises SEQ
ID NO: 2, the prM-E sequence of the dengue antigen of serotype 3 comprises SEQ
ID NO: 3 and the prM-E sequence of the dengue antigen of serotype 4 comprises
SEQ ID NO: 4:
wherein each dose of tetravalent vaccine comprises 5+1 log10 CCID50 of each live
attenuated chimeric dengue virus;
wherein the route of administration is subcutaneous; andwherein said dengue
immune human subject is aged between 2 and 60 years old; and

B) protecting the dengue immune human subject against dengue disease caused by
a dengue virus of serotype 2.

4. The method of claim 1, wherein said method also protects said human subject against
dengue disease caused by a dengue virus of serotype 1, dengue disease caused by
a dengue virus of serotype 3 and dengue disease caused by a dengue virus of
serotype 4.
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TABLE 1

Vaccine eflicacy against symptomatic virologically-confirmed dengue post-dose 3 due to each serotype (PP population).

CYD Dengne Vaceine Group Control Group
(N = 13288} (N = 6643)
Density Person- Density
Person- incidence years at incidence Vaccine Efficacy
Cases  years at risk (93% CI}  n Episodes Cases  risk (93% CI}  n Episodes % (93% CI)
Serotype 1 66 12478 0.5 (0.4; 0.7) 66 66 6196 1.1 (0.8; 1.4) 66 50.3 (29.1; 65.2)
Serotype 2 3% 12495 0.5 (0.4; 0.6) 3% 500 6219 0.8 (0.6 1.1) 50 423 (14.0; 61.1)
Serotype 3 43 12514 0.3 (0.2; 0.5) 43 B2 6213 1.3 (1.1 1.6) 82 74.0 (61.9; 82.4)
Serotype 4 18 12522 0.1 (0.1:0.2) 18 40 6206 0.6 (0.5; 0.9) 40 7.7 (60.2; BB.O)
Unserotyped ] 12540 =0.1 (0.0; 0.1} 6 3 6268 0.1 (0.0: 0.1} 3 0.0 (-517.8; 78.6)

Cases: number of subjects with at least one symptomatic virologically-confirmed dengue episode from 28 days post-injection 3 to the end of the active phase.
Density incidence: data are cases per 100 person-years at risk,
logically-confirmed dengue episodes in the considered perind.

1 Episodes: number of symptomatic vi

Dengue virls serotypes are determined by Simplexa RT-PCR.

Subjects with a virologically-confirmed dengue of the studied serotype between VU1 and 28 days after injection 3 are excluded from the corresponding serotype-specific
analysis.

I 2]
=== E =t = = o 5t
ZH HHH(TT REE0) 2 B4 B0 S0 40| Us Hlol2iAsxoR slolsl ©7|0) o3t
HHA| S=
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TABLE 2
Vaccine efficacy against symptomatic virologically-confirmed dengue
during the active phase due to each serotype (ITT population)
CYD Dengue Vaccine Group (h= 13914) Control Group (n = 69401)
Person- Density Person-  Density
years at  incidence n years at  incidence n Vaccine Efficacy
Cases risk (95% CI)  Episodes Cases  risk (95% CI)  Episodes % (@3% CI)

Serotype 99 27016 0.4 99 109 13434 0.8 109 54.8 (40.2; 65.9)
1 (0.3; 0.4) (0.7: 1.0y
Serotype B4 27035 0.3 B4 #4 13461 0.6 B4 50.2 (31.8: 63.6)
2 (0.2; 0.4) (0.5; 0.8)
Serotype 55 27060 0.2 55 106 13459 0.8 106 74.2 (63.9: B1.7)
3 {0.2; 0.3) {0.65 1.0}
Serotype 32 27063 0.1 32 83 13442 0.6 '3 RO.9 ({70.9; 87.7)
4 (0.1: 0.2) (0.5; 0.8)
Unsero- 15 27079 =0.1 16 14 13514 0.1 14 46,5  (—19.6; 75.9)
typed (0.0; 0.1) (0.1; 0.2)
Cases: number of subjects with at least one jie virologically-c d dengue episode from D 0 to the end of the active phase.

Density incidence: data arc cases per 100 person-yoars at risk.

n Episodes: number of symp virol : dengue episodes in the considered period.

Dengue virus scrotypes are determined by Simplexa RT-PCR
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Stable vaccine compositions comprising inter alia live attenuated recombinant flavivirus
and process for preparation thereof
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Stable lyophilized immunogenic compositions include inter alia live attenuated recombinant
flaviviruses, more preferably live attenuated recombinant dengue viruses, at least one
carbohydrate, at least one amino acid and is particularly amenable to rapid freeze—drying
treatments wherein, the composition preserves desired characteristics of a virus, including
virus viability, immunogenicity and stability. The immunogenic composition is devoid of
preservatives, polymers and surfactants. The methods for manufacturing the stable
lyophilized immunogenic compositions are also provided.

P
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1. An immunogenic composition comprising:
a) one or more live attenuated dengue (DEN) viruses;
b) sucrose in an amount of about 3 to 6% (w/v): and
¢) glycine in an amount of about 3 to 6% (w/v);
wherein, the composition is freeze dried and the reconstituted composition preserves

the desired characteristics of a virus, including virus viability, immunogenicity and
stability;
wherein the composition is devoid of preservatives, polymers and surfactants; and
wherein the composition is devoid of an excipient or stabilizer of animal origin or an
excipient or stabilizer which contains an animal component.

15. A method of manufacturing an immunogenic composition comprising:
multiple harvesting of supernatant comprising at least one serotype of dengue virus in
minimum_essential medium (MEM) additionally containing dextrose, L-glutamine and
sodium bicarbonate wherein the multiple harvesting is carried out from a single batch;

filtering the viral harvest by direct flow filtration (DFF) through at least one clarification
filter having a pore size of between 6 micrometers to 0.45 micrometers;

testing the viral harvest with a benzonase having a concentration in the range of 0.5
units/ml to 5 units/ml at 34+1° C. for at least 2 hours:

concentrating the viral harvest by tangential flow filtration (TFF) using membrane with
a molecular weight cut off (MWCO) of 100 kDa:

stabilizing the viral harvest with a stabilizing agent comprising sucrose at a concentration
of 3 to 6% (w/v) and glycine at a concentration of 3 to 6% (w/v) to form a stabilized
viral harvest;

sterilizing the stabilized viral harvest by DFF through at least one clarification filter having
a pore size of between 0.8 micrometers to 0.2 micrometers to form a sterilized viral
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harvest of purified virus, wherein the overall recovery of purified viruses is at least 50%;
and optionally freeze drying the sterilized viral harvest comprising the step of freezing,
primary drying and secondary drying, wherein

a. the freezing step comprises freezing at —45° C. for 690 minutes to 930 minutes,

b. the primary drying step comprises ramping at +0.5° C./minute to 1° C./minute to
achieve a shelf temperature of -25° C. holding for 1800 minutes to 1980 minutes, and

c. the secondary drying step comprises ramping at +0.5° C./minute to 1.0° C./minute to
achieve a shelf temperature of +25° C. holding for 420 minutes to 540 minutes.

21. A kit comprising:

a first container containing a_lyophilized immunogenic composition, said composition
comprising:

i. one or more live attenuated dengue (DEN) virus:

ii. sucrose 3 to 6% (w/v); and

iii. glycine 3 to 6% (w/v); and

a second container containing an aqueous solution selected from saline or WFI (water for
injection) for reconstitution of the lyophilized (freeze—dried) immunogenic composition;
wherein the composition is devoid of preservatives, polymers and surfactants; and
wherein the composition is devoid of an excipient or stabilizer of animal origin or an
excipient or stabilizer which contains an animal component.

(3 )

= Sole dot=slE S2H|B0[HA #Aol it FOA JHE YES MSE
SEURE WS PP |= U & ofUX|T, oA Uto] &2 REE. o HIORIAE dF,
1R}, 2R} 120} 22 SENUX T S Lot ABR|AS 27| 1R, 0|2 Qlolj THHEC| SQFYaPt
OI Lt A Ol

=2 T MO

)

0RO SZIE HIOIRIA WA ¥ YRS T THEE IS Mol 20| L2AN AAOLE
[¢] (e]

Tiesiel
HSA(human serum albumin)2| Z< IE It = S5 R0 2 M| SAP7H ML 2 U,

U27| HISS RUL A& US

HIO|2d ATEEH= SIS0 TVIE ZeolE2, 0] ZSSAIUZH 27 7F A7|Mek6H0] B
S¢ HSAMO|EE ddoty, 0] 222 HHE HAEY SV1E 7¥otke 2AEE 7M. Ol 2hEs
oiZol7| PI5t], ZA0t0| FHUME ZefotHA Y=t d7| Hl0[24A0] P dE FOE & U=
HHIE Hag 227t AN

dor=atE MEg d7) Hiof2i2, HOE otto] etz HUT oiLte| Off|tts Eefol= Qrget
SEUTE TARY 222 845 GS-UE M2E UE + USH, 0= ZES2 HI0[HA MES,
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a) 15 0|49 M A=3}H E1'7|(DEN) HEO|2{A;
b) 324 o 3 WX| 6% (w/v): %

c) =cbl & 3 LiX] 6% (w/v)E Helole HARY ZYE2XM,
M| S AR, MAE 2 HI0RA MES, TR
HIigZle S48 EEo,

BEH, 220 ¥ ATHSHIL i1,
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2k EM - d7| HI0[2A(Dengue virus) -

A7) YHe tAERA | -ZRE Y ARIIEHH0ES FIIE YRdIE A o HIXIMEM)OIA
15 0149l MY WY| HIO[HAS HElohs AdUs HY HIXZRE OE 26k B,
60t0|=Z=0|E{0lM 0.45 Ot0|=Z=0|E Ar0I°I 32 712 2= 15 0IM9 clarification ZEIS S6104
XIF 52 GIKDFF)Z HIO|HA AS2S offsH= ohy;

0.5 TH2I/mQoilAf 5 THel/m) B2l2] HIZUO|AZ HIO|2A SSEE MO 24
100 kDaQ| EXt& H2I(MWCO)ZE 717 IS ARRSI0] TFF<HL Sg o
+EES S50l HAl
3%~6% (w/v) sE2| £32A 2 3 LHX| 6% (vv/v) sLo| FERg HElcks QFESH|Z H0|2{A
+EES OMHSIAA CFEaE HO[HA EES ddok= T
QFYatE Hio[2A =g 0.8 OH0[Z20|E0A 0.2 O/0|220|E A9 33 37|12 e ofLt
OF49] clarification HEIE S510] DFFE Tol0] Hake HI0[HAS| HE HIO[2A SIS Yioh=
HAZAM, 071 FHE HO[HAS] A 222 MO 50% Opyel oA 3
AU9IZ, 1R} 12 I 2Kt 71X HAE ZHelols BE HIO|HA 328 S0k HAE e,
a. 52 A= -45°COIM 69020 93082 S9t 5Z6k= A2 Eelkotd,

b. 1X 71X HA= +0.5°C/20M 1°C/22E RS =0 -25°Col Mt 2&0] =25t 1800

H0M 19808 =0t QX[5i,

. 2t 7AX A= +0.5°C/20A 1°C/2O2 22 =0M +25°C2| Mt 20| E250] 420:20{A1

540_”__ SOt r <>I|o|-L 740|

[ZHS0t AlBSSHE EA;
S AISSI01 Hlo[2iA

- 2 Soje] 373 212
- 13 012 8 CISEl BIDEN) vfoli
i. 3%~6% (w/v)e| 32A; 3
iii. 3%~6% (w/v)2 22|t
g il STUXE BN TYBS BRI M1 87|, ¥

Szi7ime B T2 KB 918 AR T ARMON HEISL 898 S5 2 2718
TRl 7|E0) Bt 202,
7| Z422 BN, B0 o ANLEAH 2

3= 7ol FN E= oFgel| = 3= gES EC’*OfE SN = OFgePt Bls 7 IE0H et 3Y
E59 M A=31E WI| HIO[A B 3~6% (w/v)Q 2FEA B 3~6% (w/v)2| S2AE EElsl=

=
AYE2 SZUX Aol 0| RX|SRAL, HIO[ZA It &M0| BEEX| S

(FQ Ml L)

* HAOIOIM=, ChFet QPESthl Y QPYSHHl MIKIQ AXSI0| TSI SIS

< WY 17FEEE E 11 Y HE 1200 OAIE HERE 20| A0[8H QP St I@% AR50 KIKStoIRS
ISl YRR MR, ASHIE, £32A, F2|, ZAHO0|E(KH2PO4, K2HPO4), SREIHO|E,
HEALD! JtRoi=(LAH) & OfD|icdt, o740 L-S|AE|H, L-0t27|H SI0|=E2EE220|E, L-
Uzt E2|M(Tricine) S0IUS

TABLE 11

Various Stabilizer Combination

z
¢

Composition of stabilizer

Gelatin 2% + Sucrose 20% + Amino acids (2x)
Gelatin 2% + Sucrose 10% + Amino acids (2x)
Gelatin 2% + LAH 0.70% + Sucrose 20% + Amino acids (2x)
Sucrose-Phosphate-Glutamate (2x) + T.AH 4% +
Glycine 10% + Amino acids (2x)
Gelatin 12.5% — Sorbitol 25% + Stabilizer-IT —
Mixing proportion 80:20:10
F Gelatin 12.5% — Sorbitol 25% + Stabilizer-I1 —
Mixing proportion 1:1
G Sucrosc 12.5% w/v + Glycine 12.5% w/v (60:40)
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TABLE 12

Final Formulation

No. Formulation

A 50 ml TFF Conc. + 50 ml Stabilizer A (2x) = 100 ml
B 50 ml TFF Conc. + 50 ml Stabilizer B (2x) = 100 ml
C 50 ml TFF Conc. + 50 ml Stabilizer C (2x) = 100 ml
D 50 ml TFF Conc. + 50 ml Stabilizer I (2x) = 100 ml
B 320 ml I'FF Conec. + 120 ml Stabilizer E = 440 ml

F 50 ml TFF Conc. + 50 ml Stabilizer F (2x) = 100 ml
Lyo 1 320 ml TFF Conc. + 120 ml Stabilizer E = 440 ml
Lyo 2 50 ml TFF Conec. + 33 ml Stabilizer G = 83 ml

- HREHASHISOREER IIQFEI B2 BiRsls 97 171 838 SZeIEsk, 37CHM 72 59t

0 % 7Umo| KRR
g S HOPRY, Hioj2iA
SIS F2PoPl RAGIAS. TRiM, 87| 17} S SZAE HRYS oY B BHE 4BXOR
=510, lofiA opiel A4 YAt HolES

w
o

TABLE 13

DEN 1 Titer CCIDsy/ml (Liquid vs. Lyophilized)

Storage
time A B C D E F LYO1 LYO2
0 721 735 707 7.07 721 721 5.78 5.62
1 521 407 407 478 278 278 578 5.59
3 292 278 0 2.64 264 264 535 546
5 0 0 0 0 0 0 4.78 531
7 — — — — — — 4.64 5.18

* & 80llMi= DEN-1 27} CCIDB0/ml (UA| Tf SHEUXE)S LELIRAS

Figure 8: DEN-1 titer CCIDso/ml (Liquid vs. Lyophilized)

DEN-1 Storage time Vs Log titer

13 7

-

w

1og titer {CCIDg/mi}

9 1 2

Storage time at 37°Cin days
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iyl Eo52 S/A S5 55 5 JIECE o £ £5{ ZHP2 The United States of
America, as represented by the Secretary, Department of Health and Human
Services(US), MERCK SHARP & DOHME LLC(US)&. O|= The United States of
America, as represented by the Secretary, Department of Health and Human
Services(US)= S S5 551 3712 S26I¥2H, MERCK SHARP & DOHME LLC(US)= SS2

1242 A S5 Soig 271 BRI U= 202 =olE

| &2 20 THIRD MILITARY MEDICAL UNIVERSITY(CN), The University of North
Carolina at Chapel Hill(US), INTERNATIONAL CENTRE FOR GENETIC ENGINEERING
AND BIOTECHNOLOGY(IN) €A| Zt S5 2719 E6|E ERoll UM FL SH0IOZ mfolsy
£ % U4, Takeda Vaccines, Inc.(US)2| 42 S& 112 &gt 9719 515 oI,
Sanofi Pasteur SAUS)= Az 2718 Zelsh 3719 S5IE |6t 47| HO[2{A HHAl 3

Iz 2010 Q% SERICZ =0IF

FQ E5i2l S/A/B S5 E51E 7IECR ot Vg BF &4 2}, 4HM(t=st 1.1.1-a) &
E
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=
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Takeda Vaccines, Inc., The United

KR10-2015 States of America, as represented by _
KR10-2389908 B1 Q=3 DEN-2 PDK-53 %=
-7029897 the Secretary, Department of Health = N

and Human Services

THE TRUSTEES OF THE UNIVERSITY

HE|C
2 |US14/775069 | US9987347 B2 OF PENNSYLVANIA, (0 oWt HAEON 22l 7
INOVIO PHARMACEUTICALS, INC.
INSTITUT PASTEUR, NATIONAL
- : HILAR(NS) ChElo| cimoz
3 K-To%fg%g KR10-2557390 B1 CENTER FOR SCIENTIFIC H;LN;L Ealemu|1|§£
RESEARCH(CNRS) o= =
4 | US14/850399 | US10098%43 B2 VLP THERAPEUTICS, INC. DENVQ| RCHHE] TSK5H= VP
ZolHEls B3
5 |US14/861425| US10137187 B2 | MERCK SHARP & DOHME LLC (4% X0l 2t E

CHIHR| CHT
T2

I
L

The University of North Carolina at 7| B
6 |US15/523809 | US10398768 B2 | ¢ -verstty of North Laroiina (DEN-4 2! DEN-20{A

Chapel Hill S CiHE| K5

=2 4=y

The United States of America, as
represented by the Secretary,
Department of Health and Human
Services

7 |US15/710672 | US10837003 B2 F=alE DEN-1 HO|2A
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The University of North Carolina at 7|Hi2t B HEiE
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US16/105346 | US10870682 B2

The United States of America, as
represented by the Secretary,
Department of Health and Human
Services

10 |US16/912359 | US11332722 B2 F=slE 7|02t DENV

98



® = - S/A/B 53 =2 53l 92

> S/A/B 52 %8 3| 29

7| HIO[RIA WAL} A g

SHAl 25 164 95 = O A
5y EE 7RoR By 9 o e o = 1 e
;‘I (S/A/B = H I &= -”7| Hl‘OlE.‘I_ ﬁl_loj =8 7/ o°|_|'
5 - s
SES/A/B SB)2 hyoR 2%

rr

E
=

38 A 22 A

255 | CN 115779076 A (2023.03.14) B
Tl . . -
(@)
e Eyaidl o
E9HS | 2022-11237398 (2022.10.10) (=) THIRD MILITARY MEDICAL University(CN)
e | =472t
AMEHK AN _
ol e (OlaetaY
g a2} KR usS EP JP CN
1
2t 4 (IP5=7PIE) | - - - - | s
sg== S llegEs 1.1.3-b
The invention relates to the technical field of vaccine preparation, in particular to a dengue
tetravalent mRNA (messenger Ribonucleic Acid) vaccine, a lipidosome nanoparticle as well as
a preparation method and application of the lipidosome nanoparticle. The invention provides
an mRNA (messenger ribonucleic acid) vaccine (MRNA-LNP) which encodes EDIII structural
proteins which are wrapped by lipid nanoparticles and are connected in series with four
oot serotypes DENV (diethylaminovirus) and polypeptide containing a plurality of TBT epitopes.
- After a mouse is vaccinated, high-level specific humoral immunity and cellular immunity
aiming at the four serotypes of dengue viruses are generated, and an antibody with a
neutralizing effect is also generated. After immunization, serum can protect 3-day-old
suckling rats from lethal DENV attacks, which indicates that neutralizing antibodies generated
by the vaccine are sufficient to resist fatal challenges, and the vaccine is an effective vaccine
which can be used for long-term research.
1. A dengue tetravalent mRNA vaccine, which is characterized by comprising mRNA for
FQHIS expressing an immunogen of dengue virus, the nucleotide sequence of which is

represented by SEQ ID NO 1.
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FoIHS CN 115990249 A (2023.04.21) A=Y
=Tl B 3 -
(=)
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=S 2022-11233534 (2022.10.10) (=) THIRD MILITARY MEDICAL University(CN)
AR A= &1 -
- - CherEy
Tl 1 EIEp KR us EP JP CN
=27t (IP5=7171%) - - - - A
sao= S J|IEEF 1.1.3-a
The invention provides a dengue tetravalent DNA vaccine and application thereof, and
belongs to the technical field of dengue vaccines. The nucleotide sequence of the dengue
tetravalent DNA vaccine provided by the invention is as shown in SEQ ID NO: 1. The
— dengue tetravalent DNA vaccine provided by the invention is a DNA vaccine aiming at four
- serotypes of DENV (Deoxyribose Nucleic Acid Virus). After a wild type BALB/c mouse is
inoculated with a DNA vaccine aiming at four serotypes of DENV, a specific IgG antibody
aiming at the four serotypes of DENV can be generated, and a neutralizing antibody with
a protection effect and antiviral specific T cell immunity are induced.
xozst 1. A dengue tetravalent DNA vaccine, characterized in that the DNA has a nucleotide

sequence as set forth in SEQ ID NO: 1.
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Dengue virus vaccine with weakened antibody-dependent enhancement effect

CN 116850401 A (2023.08.28) | CAToh
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2022-10940054 (2022.08.05) SUN YAT-SEN University(CN)
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The invention discloses a dengue virus vaccine with a weakened antibody—dependent
enhancement effect. The dengue virus nano antigen is obtained by combining fusion
protein of a D | region and a D lll region of dengue virus E protein with helicobacter
pylori ferritin, and then the dengue vaccine with the antibody—dependent enhancement
effect weakened is prepared from the nano antigen. The vaccine overcomes the defect
of insufficient immunogenicity of a monomer in a D lll region of E protein, can
effectively cause stronger immune response and generate an antibody for neutralizing
dengue viruses from invading target cells, can generate balanced and powerful
immune protection response aiming at four different serotypes of dengue viruses, can
avoid ADE effect, and can be used for preparing a vaccine for preventing dengue
viruses from invading target cells. The neutralizing antibody level of a host aiming at
the dengue virus is obviously improved. In addition, the dengue virus vaccine is simple
in preparation method, easy to purify and high in safety.

e
F

0]
oz

0%

1. A method of attenuating the antibody—-dependent potentiating effects of dengue
virus, said method comprising: the fusion protein obtained by replacing two D I
structural domains in the envelope protein of the dengue virus with GGGGS and S
is used as a dengue virus antigen for immunization.
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ST, JP 7333373 B2 (2023.08.16) SIMAZ|AF | INTERNATL CENTRE FOR GENETIC
=R o (=5) ENGINEERING & BIOTECHNOLOGY(IN)
Zols 2021-191104 (2021.11.25) Eyeidl INTERNATL CENTRE FOR GENETIC
=00 Y (=%) ENGINEERING & BIOTECHNOLOGY(IN)
AFEHRS == /1 2035.08.21
e | poamy | KR us EP JP CN
=/ 5 (IP5=717 1) - == == == ==
seoe | S EERF 1.1.2-a, 1.1.2-b
@)
A 4 79| FHY-DENV-1, DENV-2, DENV-3, DENV-40] CHgt Q7| MEQH HiiS HSeiTt.
oot CIER)|
- HHAO] ZHIS ffoh A7 HIO[ZHAY URKVLP)E MAich= WHOZA, (a) Lol HIES HHRF MZO0| ERlok=
3%, ©, €9 HE= HBsAg E2['BE[=Ql NZHO| ¢izdkH= d7[HI0[2iA FHA DENV-1,
DENV-2, DENV-3 3 DENV-49| ZIZt| EDIII EMHQIZ H&loh= AT S2IHE0|ES I ol aiitg
H&ok= H (b) @7| VLPE 2lseoh= SHES E3loh= 47| LYo Mt
(37a]
HAIO] HIES U5 A7 [HI0[HAY Xt (VLP)E MiAfoh= YA, (a) Lol HEIS HHY M0 =
Sh= X[, Ud HE= () W7 |HI0[24A S DENV-1, DENV-2, DENV-3 2 DENV-49] 2§zf9]
ZOHTS | EDII SOOI EIBITH T JHRFIAT} SR (EDII-T) Z2HE|S ( H, EDII-TO| CRHL B 21K

HH A (HBsAg) Z2IHEI0|=2) NUTO| =0 US) H (i) HBsAg Z2HEI=2| 47H°]
fA (2)2 2l IS Z3BI=]H (b) 71 VLPE 3kots 3 (22 2361 EDII-TV &7 H0[2A
EDIIl =HQ1S DENV-1, DENV-3, DENV-4, DENV-29| A2 ZSISITE 47| .
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1. Tetravalent dengue inactivated vaccine
=olHS CN 115518149 A (2022.12.27) BAIEEA
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- _ Erahd! N
ki 2022-11295953 (2022.10.21) =x) THIRD MILITARY MEDICAL University(CN)
AR =9| S5

s | &2 (IR
Hz) 1 R KR us EP JP CN
=/t (IP5=7171%) - - - - ANE
= A At 1.1.1-b

The invention relates to the technical field of vaccine preparation, in particular to a tetravalent

dengue inactivated vaccine. The kit specifically comprises a dengue virus type | serotype

inactivated antigen, a dengue virus type Il serotype inactivated antigen, a dengue virus type

[l serotype inactivated antigen and a dengue virus type IV serotype inactivated antigen. The

oot tetravalent dengue inactivated vaccine with a good immune effect is prepared by taking four

- serotype dengue viruses as seed viruses, and the vaccine can be stored at 4 DEG C for a
long time, has lasting and effective immunogenicity, can generate higher antibody titer in
mice and non-human primates, has good challenge protection capability on suckling mice,
has no reproductive toxicity on the mice, and has good immunogenicity. And the safety is
good.

1. A tetravalent dengue inactivated vaccine is characterized by comprising four serotype
inactivated antigens:the four serotype inactivated antigens include: dengue virus type |
serotype inactivated antigen, dengue virus type Il serotype inactivated antigen, dengue

xozTst virus type Il serotype inactivated antigen, and dengue virus type IV serotype inactivated
TL'o o

antigen;the volume ratio of the dengue virus | type serum inactivated antigen to the
dengue virus Il type serum inactivated antigen to the dengue virus Il type serum
inactivated antigen to the dengue virus IV type serum inactivated antigen is 0.5-1.5: 2 to
3:4 to 6:1 to 2.
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=7t (IP5=717 = _ cz | c= _ _
sgo= A J|IEEF 1.1.3-b
Aspects of the disclosure relate to nucleic acid vaccines. The vaccines include one or
oot more RNA polynucleotides having an open reading frame encoding one or more
= Chikungunya antigen(s), one or more Zika virus antigens, and one or more Dengue
antigens. Methods for preparing and using such vaccines are also described.
112. A Dengue virus (DENV) messenger ribonucleic acid (mRNA) vaccine, comprising:
an mRNA polynucleotide comprising an open reading frame encoding a DENV
ZQHSt polypeptide; anda lipid nanoparticle comprising 20-60 mol % cationic lipid, 5-25
mol % neutral lipid, 25-55 mol % sterol, and 0.5-15 mol % polyethylene glycol
(PEG)-modified lipid.

104



FolHs US 2023-0149526 A1 (2023.05.18) S
T B .U, -
(=)

_ Eyeidl
EQHS | 17/841267 (2022.06.15) (=) LA JOLLA INSTITUTE FOR IMMUNOLOGY(US)
- | Z=47174
AN AAES -

JHies = (OfaeaY

Tl , RN KR us EP JP CN
=7t = (IP52717 %) - FUNES - _ _
sasz | =28 1.1.2-a

The present application relates to composition of matter, processes and use of composition

of matter relating to flavivirus proteins, peptides, and epitopes, for example, for therapeutic

Q0F or preventative vaccination against one or more flavivirus serotypes or species, and/or for
inducing, enhancing, or sustaining an immune response against at least one flavivirus serotype
or species. The flavivirus may be for example the Zika and/or Dengue virus.

1. A composition comprising: a) a protein or peptide, or variant, homologue, derivative, or
subsequence thereof, that comprises, consists, or consists essentially of a flavivirus B cell
epitope, or a nucleic acid molecule encoding the protein or peptide, or variant, homologue,
derivative, or subsequence thereof, andb) a protein or peptide, or variant, homologue,

=0zt derivative, or subsequence thereof, that comprises, consists, or consists essentially of a
TL'o o

flavivirus T cell epitope or a nucleic acid molecule encoding the protein or peptide, or
variant, homologue, derivative, or subsequence thereof,wherein the composition elicits,
stimulates, induces, promotes, increases, or enhances an antibody response and a T cell
response against two or more different serotypes of a flavivirus or two or more different
species of flavivirus.
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2 WHe omj227tE7] Z20]E(epigallocatechin gallate; EGCG) EE SA 2252 Ra4E0
SFok= HIO[2A HMAE HASUM g0 2ot AC=E, & LHO| HAS U= Chst Hio|2 A0
0 CHSH HAEEZ 0N a5t E'Q”!ZEJ.‘_' G52 U & OfLjat, =40] A9 giof Q40| O R<=5iCt.
St 2 UHO| =Xt £55 E= EGCGE 0|R0{Al= HAS L= Alumilt HEAESINS mf Hil
HAELZ S O d=oM %%*AI’E! = QUL
xoxTst OITZ2715|7] 2t2|0|E(epigallocatechin gallate; EGCG); 7| HIO[2{AQ| E HulXl = M|l 31}
TSNS | CTB 8% S1U(CTB-ED3)S Ealst=, H7| HIO[ZA CHE Al XNS
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DENV-4 full-length infectious clone and construction method thereof
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The invention constructs a dengue virus serum 4 (DENV-4) full-length infectious clone
pZG14D4. The DENV-4 infectious clone pZG14D4 is constructed by using a eukaryotic
transcription vector pTight and adding a 7xTRE tetracycline response element in front of
a promoter to reduce the leakage expression of protein in bacteria. The system can
successfully and efficiently rescue live viruses, virus positive cells can be observed on the
second day after transfection, and the titer of the viruses in supernatant on the fifth day
can reach 10 6 FFU/ml. A genome cDNA clone which is continuously passed five times
in the bacteria has no base mutation or miscellaneous peak after sequencing, and can still
generate high-titer viruses (10 5 FFU/ml) after being transfected into Huh7.5 cells, which
indicates that the plasmid can be stably replicated in the bacteria and has genetic stability.
The growth curve of the rescued progeny viruses is equivalent to that of the parental
viruses in-vitro proliferation.

1. A full-length infectious clone of DENV-4, wherein the sequence of the full-length
infectious clone of DENV-4 is SEQ ID NO:1 is shown.
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zelHs US 11701421 B2 (2023.07.18) (=5) TAKEDA VACCINES, INC.(US)
_ _ Erad
SIS 17/062923 (2020.10.05) =x) TAKEDA VACCINES, INC.(US)
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MENEE S5 (OpparRe 2038.01.03
T2tz . EEIE KR us EP JP | CN
=/ 5 (IP5=717|%) Sz | =2 | M= | 2 | -
SETr B et 1.1.1-a

Embodiments herein relate to compositions and methods for stabilizing Flaviviruses. In

certain embodiments, compositions and methods disclosed herein concern stabilizing

live, attenuated or unattenuated (e.g. live whole) flaviviruses. Other embodiments relate
to compositions and methods for reducing degradation of live, attenuated or

QOF unattenuated flaviviruses. Other embodiments relate to improved formulations for
prolonging stabilization of live attenuated or unattenuated Flaviviruses during
manufacturing, storage, accelerated storage and transport. Yet other embodiments
relate to uses of compositions disclosed herein in kits for transportable applications and
methods.

1. A flavivirus composition comprising: one or more live flaviviruses;at least one of
trehalose and sucrose;urea; anda protein agent comprising serum albumin;wherein
the composition stabilizes the one or more live flaviviruses;wherein the one or more

=ozst live flaviviruses comprises dengue virus; andwherein the dengue virus comprises four

dengue serotypes in the form of a dengue 1/2 chimera, a modified live attenuated
dengue-2 virus, a dengue 3/2 chimera, and a dengue 4/2 chimera, wherein the
dengue-2 virus as the backbone of the dengue 1/2 chimera, the dengue 3/2 chimera
and the dengue 4/2 chimera is a PDK-53 dengue-2 strain.
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The present invention relates to a method for removing host cell DNA from a sample

comprising infectious viral particles and host cell DNA by anion exchange

QOF chromatography in the presence of at least one of a non-ionic surfactant, a sugar and

a protein and to a method for purifying recombinant infectious viral particles from a host

cell culture employing such an anion exchange chromatography step.

1. Method for removing host cell DNA from a sample comprising infectious viral particles
and host cell DNA, comprising the steps of: (a) mixing said sample comprising
infectious viral particles and host cell DNA with a composition comprising one or more

FQHSt of a non-ionic surfactant, a sugar and a protein, thereby providing a mixture; and(b)

subjecting the mixture of step (a) to anion exchange chromatography. 2. Method
according to claim 1, wherein the non-ionic surfactant is poloxamer 407 or poloxamer
403.
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Embodiments herein relate to compositions of and methods for live viruses. In certain
embodiments, a live, attenuated virus composition includes, but is not limited to, one
or more live, attenuated viruses and compositions to reduce inactivation and/or
oot degradation of the live, attenuated virus. In other embodiments, the live, attenuated
- virus composition may be a vaccine composition. In yet other compositions, a live,
attenuated virus composition may include at least one carbohydrate, at least one protein
and at least one high molecular weight surfactants for reducing inactivation and/or
degradation of the live, attenuated virus.

1. A virus composition comprising: one or more live, attenuated flaviviruses; and a
stabilizing composition comprising serum albumin and trehalose,wherein the one or
more live, attenuated flaviviruses consist of one or more Dengue viruses:wherein the

QS serum albumin is serum albumin from a vertebrate species, and is present at a

concentration of 0.001% to 3.0% (w/v);wherein the trehalose is present at a
concentration of at least 5% (w/v); andwherein the composition is capable of
reducing the inactivation of the one or more live, attenuated Dengue viruses.
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The invention relates to a method for preventing dengue disease and hepatitis A in a
subject or subject population by simultaneously administering a unit dose of a dengue
vaccine composition and a hepatitis A vaccine on the same day. The unit dose of a
dengue vaccine composition includes constructs of each dengue serotype, such as
TDV-1, TDV-2, TDV-3 and TDV-4, at various concentrations in order to improve

protection from dengue infection.

1. A method of effective vaccination against hepatitis A and dengue disease in a subject
or subject population, the method comprising simultaneously on the same day
administering a hepatitis A vaccine and a unit dose of a dengue vaccine composition,
wherein said unit dose comprises a tetravalent dengue virus composition including four

live, attenuated dengue virus strains.

111



—@> 20234

Wil R&D 2

Jim

ol

ra

2 2M - d7| Hi0IHA(Dengue virus) -

Dengue vaccine unit dose and administration thereof
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The invention relates to a unit dose of a dengue vaccine composition and methods and uses
for preventing dengue disease and methods for stimulating an immune response to all four
dengue virus serotypes in a subject or subject population. The unit dose of a dengue vaccine
composition includes constructs of each dengue serotype, such as TDV-1, TDV-2, TDV-3
and TDV-4, at various concentrations in order to improve protection from dengue infection.

1. A method of vaccinating against virologically confirmable dengue disease in subjects aged

4 to 60 years of age, the method providing a combined vaccine efficacy of at least 60%
which is represented by at least 60% reduction in dengue disease occurrence in
vaccinated subjects compared to unvaccinated subjects, in each of seropositive subjects
and seronegative subjects, for at least 12 months after a second unit dose administration,
by administering to a subject population of seropositive subjects, seronegative subjects,
or a combination thereof, a tetravalent dengue virus composition including four dengue
virus strains representing serotype 1, serotype 2, serotype 3 and serotype 4, represented
by a chimeric dengue serotype 2/1 strain, a dengue serotype 2 strain, a chimeric dengue
serotype 2/3 strain, and a chimeric dengue serotype 2/4 strain, the dengue serotype 2
strain being derived from the wild type virus strain DEN-2 16681 and differing in at least
three nucleotides from the wild type as follows: a) 5"-noncoding region (NCR)-57 (nt-57
C-to-T)b) NS1-53 Gly-to-Asp (nt-2579 G-to-A)c) NS3-250 Glu-to-Val (nt-5270
A-to-T): andthe three chimeric dengue strains being derived from the serotype 2 strain
by replacing the structural proteins prM and E from serotype 2 strain with the
corresponding structural proteins from the other dengue serotypes, resulting in the
following chimeric dengue strains: a DENV-2/1 chimera,a DENV-2/3 chimera anda
DENV-2/4 chimera,the method consisting of: selecting a subject without determining
whether the subject had a previous dengue infection,subcutaneously administering a first
unit dose of said tetravalent dengue vaccine composition to said subject, the first unit
dose corresponding to a dose of 0.5 ml comprising(i) the dengue serotype 1 with a
concentration of at least 3.3 log 10 pfu/0.5 mL,(i) the dengue serotype 2 with a
concentration of at least 2.7 log 10 pfu/0.5 mL,(iii) the dengue serotype 3 with a
concentration of at least 4.0 log 10 pfu/0.5 mL, and(iv) the dengue serotype 4 with a
concentration of at least 4.5 log 10 pfu/0.5 mL,subcutaneously administering to said
subject a second unit dose of said tetravalent dengue vaccine composition within 3
months after the first unit dose, the second unit dose corresponding to a dose of 0.5 ml
comprising(i) the dengue serotype 1 with a concentration of at least 3.3 log 10 pfu/0.5
mL, (i) the dengue serotype 2 with a concentration of at least 2.7 log 10 pfu/0.5 mL,(iii)
the dengue serotype 3 with a concentration of at least 4.0 log 10 pfu/0.5 mL, and(iv) the
dengue serotype 4 with a concentration of at least 4.5 log 10 pfu/0.5 mL,and optionally
administering a booster dose of said tetravalent dengue vaccine composition to said
subject at least 12 months after administration of the second unit dose.
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The invention relates to a unit dose of a dengue vaccine composition and methods and uses
for preventing dengue disease and methods for stimulating an immune response to all four
Qo dengue virus serotypes in a subject or subject population. The unit dose of a dengue

vaccine composition includes constructs of each dengue serotype, such as TDV-1, TDV-2,
TDV-3 and TDV-4, at various concentrations in order to improve protection from dengue
infection.

i
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1. A method of vaccinating against virologically confirmable dengue disease in a subject

population, the method providing a combined vaccine efficacy of at least 60% which is
represented by at least 60% reduction in dengue disease occurrence in vaccinated
subjects compared to unvaccinated subjects, in each of seropositive subjects and
seronegative subjects, for at least 18 months after a second unit dose administration of
a tetravalent dengue virus composition wherein the method comprises a primary
vaccination comprising: selecting a subject from the subject population without
determining whether the subject had a previous dengue infection,administering a first
unit dose of the tetravalent dengue virus composition to the subject population
comprising seropositive subjects, seronegative subjects, or a combination thereof, the
tetravalent dengue virus composition comprising four dengue virus strains representing
serotype 1, serotype 2, serotype 3 and serotype 4, andadministering a second unit dose
of the tetravalent dengue virus composition to the subject population within 3 months
of administration of the first unit dose,wherein the first dose and the second dose each
comprises a tetravalent dengue virus composition including four dengue virus strains
representing serotype 1, serotype 2, serotype 3 and serotype 4, represented by a
chimeric dengue serotype 2/1 strain, a dengue serotype 2 strain, a chimeric dengue
serotype 2/3 strain, and a chimeric dengue serotype 2/4 strain, the dengue serotype 2
strain being derived from the wild type virus strain DEN-2 16681 and differing in at least
three nucleotides from the wild type as follows:a) 5 -noncoding region (NCR)-57b)
NS1-53 Gly-to-Aspc) NS3-250 Glu-to-Val; andthe three chimeric dengue strains being
derived from the serotype 2 strain by replacing the structural proteins prM and E from
serotype 2 strain with the corresponding structural proteins from the other dengue
serotypes, resulting in the following chimeric dengue strainsia DENV-2/1 chimera,a
DENV-2/3 chimera anda DENV-2/4 chimera,and wherein the first unit dose
corresponding to a dose of 0.5 ml comprising: (i) the dengue serotype 1 has a
concentration of at least 3.3 log 10 pfu/0.5 mL,(ii) the dengue serotype 2 has a
concentration of at least 2.7 log 10 pfu/0.5 mL,(ii) the dengue serotype 3 has a
concentration of at least 4.0 log 10 pfu/0.5 mL, and(iv) the dengue serotype 4 has a
concentration of at least 4.5 log 10 pfu/0.5 mL, and the second unit dose corresponding
to a dose of 0.5 ml comprising:(i) the dengue serotype 1 has a concentration of at least
3.3 log 10 pfu/0.5 mL,(ii) the dengue serotype 2 has a concentration of at least 2.7 log
10 pfu/0.5 mL,(iii) the dengue serotype 3 has a concentration of at least 4.0 log 10
pfu/0.5 mL, and(iv) the dengue serotype 4 has a concentration of at least 4.5 log 10
pfu/0.5 mL.
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Embodiments herein concern compositions, methods, and uses for inducing an immune
response to all four dengue virus serotypes in a child or young adult from about 1 year
to about 20 years of age. Some embodiments concern compositions that can include
dengue virus chimeras that, either alone or in combination with other constructs, can be
used in vaccine compositions against all four dengue virus serotypes. Compositions can
include constructs of more than one serotypes of dengue virus, such as dengue—1
(DEN-1) virus, dengue-2 (DEN-2) virus, dengue-3 (DEN-3) virus and/or dengue—4
(DEN-4) virus, at various concentrations or ratios to improve protection from infection in
children and young adults. In certain embodiments, viruses of the formulations are limited
to dengue virus serotypes. Other embodiments concern methods of administering
immunogenic compositions against dengue virus that can include chimeric dengue
constructs and live, attenuated dengue viruses using single, dual or other regimens.

1. A method for treating healthy subjects from 1 to less than 18 years against dengue
virus infection, comprising: obtaining or preparing a tetravalent dengue virus vaccine
composition ready for administration to a patient, wherein the composition includes a
dengue virus vaccine formulation including all four dengue virus serotypes, includinga
dengue-2 virus serotype comprising a live, attenuated dengue-2 virus, a dengue-2/1
chimera, a dengue-2/3 chimera, anda dengue-2/4 chimera,and administering the
composition subcutaneously to one or more of the healthy subjects,wherein
administering the composition consists ofadministering a first dose of the composition
on day 0,and administering a second dose of a same composition against dengue virus
within 90 days of the first administration,wherein the dengue—2 virus serotype is in the
form of the DENV-2 16681 derived DEN-2 PDK-53 variant, with a triple mutation at
NS1-53, at 5'NC-57 and at NS3-250 such that an amino acid position 250 of the NS3
protein contains a valine residue,wherein each of the dengue-2/1, dengue-2/3, and
dengue-2/4 chimeras have said DEN-2 PDK-53 genome as viral backbone and one or
more structural protein genes encoding capsid, premembrane/membrane or envelope
of said DEN-2 PDK-53 genome or combinations thereof replaced with one or more
corresponding  structural  protein  genes from DEN-1, DEN-3 or DEN-4,
respectively,wherein the dengue virus serotype 2 has at least one further mutation
selected from the group consisting of:an amino acid at position 52 of the prM protein
contains a glutamic acid residue; andan amino acid at position 412 of the NS5 protein
contains a valine residue: andwherein the composition induces an immune response to
dengue virus in the healthy subject.
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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.

L
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Nucleic acid sequence comprising or coding in 5's—3's direction for i) - a coding region,
encoding at least one peptide or protein. — at least one histone stem-loop, and - a
poly(A) sequence; or ii) — a coding region, encoding at least one peptide or protein; -
a poly(A) sequence, and - at least one histone stem-loop; wherein the at least one
histone stem-loop in i) or ii) is selected from SEQ ID NO: 27 or SEQ ID NO: 42; and
wherein said peptide or protein comprises a pathogenic antigen or a fragment thereof
having a length of at least six amino acid residues and having the specific antigenic
property of the full-length native peptide or protein, wherein the pathogenic antigen is
associated with a bacterial infection, a viral infection, or a protozoan infection and
wherein the pathogenic antigen is selected from a pathogenic antigen of a pathogen of
the group consisting of * Respiratory syncytial virus (RSV), * Human immunodeficiency
virus (HIV), = Herpes simplex virus (HSV), * Human Papillomavirus (HPV), « Human
parainfluenza virus (HPIV), ¢ Dengue virus, * Hepatitis B virus (HBV), ¢ Influenza virus,
* Yellow fever virus, * Rabies virus, * Plasmodium, * Cytomegalovirus (CMV), °
Staphylococcus, ¢ Mycobacterium tuberculosis, ¢ Chlamydia trachomatis, * Rotavirus, ¢
Human metapneumovirus (hMPV), « Crimean Congo Hemorrhagic Fever Virus (CCHFV),
* Ebola virus, * Henipavirus, ¢ Norovirus, * Lassa virus, ¢ Coronavirus, ¢ Rhinovirus, *
Flavivirus,  Rift Valley Fever Virus, and « Hand, foot and mouth disease virus.
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The present invention provides methods and compositions to induce neutralizing antibodies in
mammals to serotypes of dengue virus, measles virus, mumps virus, rubella and/or VZV virus.

1. A method of inducing neutralizing antibodies against serotypes 1, 2, 3, and 4 of dengue
virus, mumps virus, measles virus, and rubella virus in a mammal, comprising the
administration of a tetravalent immunogenic composition comprising live attenuated
dengue viruses of serotypes 1, 2, 3, and 4 and the co—administration of a trivalent live
attenuated MMR vaccinal composition to said mammal, wherein the tetravalent
immunogenic composition and the trivalent live attenuated MMR vaccinal composition
are administered to said mammal within 24 hours of each other, there is compatibility
between the different antigens, and each individual antigen is able to induce an
immunological response.
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cage B et 1.1.1-a, 1.3.2-d

@)

AIMZTS RNA = DNA HIO[HAE MZot= BHES MISICH

(CEESS)

A7 S22 53 MEE AT S, HO[ZA HiYES SAA7|7| fiot HHXKIE 28kt 28ES

QOF =3 MO HIO[2HA 4 M, O30t = 1 20 53 MIZ0| ols SHCO=ZAM, HiX|= 15 042

EO-POEE FEZ|HE Lot 15 0|9 EO-POEE FEL|H= E2AMM 407, E2AHH 403,

T= 0|29 Xels BEsotl 47| 1Z 0|42 EO-POEE FE2|He s+ 0.001%~3.0%2) &4,

o7 2429 Y M, O3S0 = O 0| HO[ZHAZ &3 MR =2ol=s Sd, 55 MIE, HiO[2A

3 HIXIE AF 7|7t QIFHI0|EolE 3%, HIXKIE &3 MIZ0A 2ok S8 2 HIX0|A HIO[HAS

AMFote 3¥E ZElei.

[H78h]

AHU=TS RNA = DNA HIO[HAE HZESH= WHOZA, =5 MEE SAA7l= &3, HI0[2A

HIYES S4A717| Yt HIXIE Zefst ZEES w53 M Hi0[2A ZE M, OS2 = 1 =0

=3 NI HIY=E0| TRlote SFOEN, 47| iKX= 15 0149 02 SAO|E-D2 T SA0|=
FQFTY (EO-PO) =25 ZE2HE Elotl! &7] 15 042 EO-POSE ITEZ|MEe ESAM 407, ESAM

403, EL= 0|S9| R3S T3l6i 47| 13 0JAe] EO-POSE FE2|0{o] STk 0.001%3.0%9
&8, 71 8= B9 ©, IS E= 1 20| HIO|HAS =5 M2 ZRloks &8, 55 M,
HO|=HA HHIKIE &7 712 QIRM0IE0kE S8, =5 MR BIXIE 22lok= S8 H HiX(0IA

HIOIHAS XiFlols S8 Zefoks UY.
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16 Chimeric poly peptides and the therapeutic use thereof against a flaviviridae infection
STt INSTITUT PASTEUR(FR),
=S US 10227385 B2 (2019.03.12) '_(3_1;) CENTRE NATIONAL DE LA RECHERCHE
B SCIENTIFIQUE(FR)
2000] INSTITUT PASTEUR(FR),
ZHHS 15/409210 (2017.01.18) Z}; CENTRE NATIONAL DE LA RECHERCHE
B SCIENTIFIQUE(FR)
MENEE S 5710 2026.06.20
=58 ooz | 20700
R EP P N
mea | HCIE T A il B
=7t & (IP5=711&) - == s= - s=
Som B et 1.1.3-¢
The invention relates to building a chimeric polypeptide used for preventing or treating a
X Flaviviridae infection. The use of the inventive chimeric polypeptide for producing recombinant
viral vectors such as a measles living viral vector is also disclosed.

1. A chimeric polypeptide comprising a subdomain of the E protein of a Flavivirus bound
to a peptide of a subdomain of the membrane M protein of a Flavivirus: wherein the
subdomain of the E protein comprises a dengue virus ectodomain I dimer, in which
each dengue virus ectodomain Il in the dimer is independently selected from the

FQHTSE ectodomain Il of dengue virus serotype 1, the ectodomain Il of dengue virus serotype

2, the ectodomain Ill of dengue virus serotype 3, and the ectodomain Ill of dengue virus
serotype 4; andwherein the subdomain of the E protein further comprises at least one
amino acid sequence selected from the group consisting of: amino acids 21 to 262 of
SEQ ID NO: 8 and amino acids 21 to 262 of SEQ ID NO: 10.
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