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neutralizing antibody (NtAb) Lﬁm%uasmuuaﬁﬁigmqamm 10 wh dlaflsusudeunslésuiadu
ﬂsw’jusg’] way mam'ﬁmaaﬁluéaLﬁaaﬂszﬁw%mwmaﬁﬂ%ﬂum'ﬁmﬁﬂaaﬁ’umiﬁmL%@l’ﬁﬁlﬁﬁﬁga?i%
Tslnd wuinindu DNA gaswaudanesius ield333n3adu uuu prime/boost fie Live-attenuated
vaccine primed/DNA vaccine boosted anunsatfosfuddlilifndeliafied 16 3 awiusio
serotype 1, 2, 3 16l 100% usianunsntesiu aeiiug Serotype 4 Lot 60% whthy wruns 39l
punAndafiosiuRanTRiaTudmiuaneiug serotype 4 Tavena Wannlmilneldinalulagdu léun
MRNA uag viral-like particles unu DNA vaccine @iolU 2). nM5#aIu1 humanized mouse model
Tnsmsugnanewadsuindefiuenananeazielumy NSG wuindanudusalussiunils sgrslsfnm
aguddliannsaldidu animal model Mivsnzanlunsly ilovaaeuiadu ws1zU3anas human B-
cells &1 Lifiganelunismaaeunisasnaweudived 3). lassmsiauniadugiivilsiy  ldeenuuy
adjuvant-free animal model dwsugiunlsu \iaUseiiu HDM allergy DNA therapeutic
vaccines, 8n15iase3 virus-like particle @1%5U multi-copies ¥4 Der p2 protein vaccine wieldlu
MsaAiATULUL  heterologous prime boost Tusunan wazUseiliu Component-resolved
diagnosis of HDM allergy Imsi%ﬁaashmfwmﬁawm@'ﬁﬁwamimn ImmunoCap tJuuin d1uau
222 518 WU 54% (119/222) §1 specific IsE #io recDer p23 luvausil 67% (148/222) i specific IgE
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N9 a8aRANISHAINIIATUVBIUILNA HANITNARBINUIIANTANTEAY neutralizing antibody
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ABSTRACT

The ultimate goal is to enhance the capacity and capability of our Chula Vaccine Research
Center (ChulaVRC). During the awarded of the grant, we focused on 3 objectives: 1). Dengue
vaccine development on prime/boost strategy. 2). Developing humanized mouse model for
vaccine testing. 3). House dust mite allergy vaccine. Here are key results: 1). We have
performed prime-boost vaccination of tetravalent dengue DNA vaccine (TDNA) by in vivo
electroporation with tetravalent live attenuated vaccine (TLAV) in mice and non-human
primates. We found that either TVLA prime and TDNA boost or TDNA prime and TVLA boost
could significantly increase neutralizing antibody titer of 10 times. In non-human primate viral
challenge model, TVLA/DNA dengue vaccine prime-boost has shown a 100% protection against
3 serotypes: serotype 1, 2, and 3; but has only 60% protection against serotype 4. We therefore
plan to improve the efficacy of the vaccine by using other new technologies including: mRNA
and viral-like particles vaccine. 2). Humanized mouse model, we have successfully engrafted
human hematopoietic stem cells isolated from human cord blood in NSG mice. Nonetheless
B-cells development is not sufficient to be a proper humanized animal model for vaccine
testing. 3). House dust mite (HDM) allergy vaccine, adjuvant-free animal model was designed
for evaluation of HDM allergy DNA therapeutic vaccines. We have also prepared virus-like
particle for multi-copies Der p2 protein vaccine for heterologous prime boost strategy in the
future. Component-resolved diagnosis of HDM allergy was evaluated with 222 ImmunoCap
positive serum samples. We found that 54% (119/222) and 67% (148/222) had specific IgE to
recDer p23 and recDer p2, respectively. This confirms that Der p23 is a major cause of house
dust mite allergy. Of note, there is an important post-funded outcome which indicates the
impact of this grant has ultimately enhanced the capacity and capability of our ChulaVRC;

which is the capability to develop Covid-19 vaccine candidates during the pandemic since



January 2020 in an exceptional speed. Within 4 months, our vaccine research center was able
to develop DNA and mRNA vaccines and has the mRNA vaccine tested in mice and non-human
primates (NHPs). More importantly the results both in mice and NHPs showed a high
neutralizing antibody induction: median NtAb titer 1:40,000 in mice and 1: 5,000 in NHPs. With
those convincing results, the mRNA vaccine is then under the GMP production for further

clinical development.

Key words: dengue tetravalent DNA vaccine, humanized mice, house dust mite allergy

vaccine, Covid19, mRNA vaccine
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Journal 5-year Impact factor

European Journal of Allergy and Clinical 6.28
Immunology

Allergology International 4.13
HIV Medicine 3.56
Journal of Acquired Immune Deficiency 3.5
Syndrome

International Arch Allergy Immunology 2.92
Journal of Viral Eradication 2.82
Asian Pacific Journal of Allergy and 1.74
Immunology

AIDS Research and Human Retroviruses 1.67
International Journal of Clinical 1.04

Pharmacology and Therapeutics
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Usganay 1:5000 Tuds wagidunssumsndninguiiievihnisnaaeuluuyudield lneandl Ussina

Ineisasduniisly 20 Jadu 1a30-19 Hamsadngnimeaeuluuyudld

3. Wansenu (Impact)

ihldemasuuIuvinInNUssmadingulsenasismuazUssimagduiinnsnandsdneninly
3w Jrduladn-19 vesUsemalnenlanailunsnaaeuluds Mawsssunsiagyinisvaaeuly

ananadnssielUgadilinusemealulaniiiingiuneuil  Mslimnaansieaiusaingneudiluldlaass

Y
[

Tl 2564  Aezdreuddgmnisssuindeussvegnlain-19 1 AidiAynimiufednanmuas

fa v o Al

ANHANNN TSR ITe IATUNLATUNITERIN and. ASEl TaunsUszaunsalnsiaun Trduladn-19



T9ag1aasurasyililusunandulndauisaimuansuiadudulasinsI89ueg19AsU99s L9 BEN

LUUOU

Har19UIY ¥a9lATINISIVYNRANS

Tetravalent dengue DNA vaccine

nangIdeladnauenisneasulssdnsameesinduluds Tnensliinduwuy Heterologous
prime-boost 7 919 tetravalent live attenuated vaccine (TLAV) + ¥ u primer vaccine wag W
tetravalent DNA vaccine (TDNA) 11 booster vaccine Tnswuindangudildsutadud (N=5) &
pifuAufuny wavanunsadestumsindeldasied Alslnd 216 100%
eI asveaeuiiiuiuiiogUsyavimnvesmsliiadusuuuufingnn Tnsasifiudiuiuds
fldlumanagou (N=24) uazutanguasiilésuiadu eendu 4 nudes ilennasunistioatuide
laa Tnenns challenge deidelifadisivaddlslnt Fensmaaeulmidasdinmsuivygnsiadu
TLAV wazU3uifiuuianas TONA 719 ileliiAnuszans nmgeannouilld@nulueusioly
ogslsfinuludfsinun §ifevssavdgmiFomineionds fanad wasmede el
Fruruving fu luudagnguees S1uau 4 ndu UsgneuduligmiFesnissefiuilunisldifen o
Primate Research Center, Bogor Usginadulailiae ﬁdﬁﬂﬁdW%ﬁ%lﬁﬂﬂlﬁﬁﬁ?ﬂ’i’]Lﬂwmaﬁiw
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UNUN1SNAFUUSEANSAMNUIN15IAIATULUY Heterologous Prime-boost (TLAV + TDNA) &
Primate Research Center, Bogor Agricultural University, Indonesia
IngUszasA
1. devnaeuUseavanmuainsiiaduuuu Heterologous prime-boost
1.1 MsUSuuseUseansnnvesingu TLAV
111 Usudsumeiuidelifadied $15lnd 3 uax 4 Al duiadudunuy
112 Ysudsdinandeldadien dlslnd 3 uas 4 lugnanausa
1.2 MagauUTzaNSAIMUINT boost Ae) TDNA
121 A15MAEUNNST boost A28 TDNA §1uau 1 wie 2 ase Tnefiansan 91n
U3unas NtAbs 71 Day 74 (14 Sundaain boost) FsdUTunns Ntabs aglu
sfusn a¥¥i1n15 boost #ae TDNA 8nass

1.2.2 USuifiud3unas TONA 18 2 mg/dose (0.5 mg/serotype)



2. Wanageuanuansavesiadulunistesiunisinelisaned Tnenis challenge s
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Su wWuszezinan 14 Su

LHUNITNARDY
Macaca fascicularis %3981%119812 (Cynomolgous %38 long-tailed monkey) NANI1UNTT

naaaudndu flavivirus naive (DENV and JEV) 31uiunisdu 36 63 gnuuseendu 2 nquuuudu fail

Group Primed vaccine | Boosted vaccine | No. of NHPs

1 Heterologous Prime-boost TLAV TDNA* 24
(total 2 mg/dose)

o

U 1 Y159 2 ASS

2 Control** PBS - 12

715 boost #38 TDNAs 71U 1 %3 2 A% TuiuySunas NtAbs finsranuléann Day 74 (14 u
789910 boost A8 TDNAs 9112U 1 ASY)

TneU3unad tDNAs total concentration 2 mg (0.5 mg/serotype)

* ngu control Toswuumivendeyding

A1519N1583AIATU 1azn1s challenge Asdeialisanenns 4 Flslnd

naufl 1: TLAV + TDNA (37u2u 1 %38 2 a59) (N = 24)

eviavun §112u 24§ (Flavivirus naive) awgn@nin (prime) /g TLAV n4 subcutaneous
route Tududi 0 winduazgninzidenifienafnmuuiinaldalunssuaien (viremia) Tufudi
2,4,6,8,10, 12 uay 14

mﬂﬂgngﬂﬁmﬂssﬁu (boost) Ay TDNA USurad 2 me (0.5 me/serotype) §147U 1 PY
#7935 intradermal electroporation uduii 60 Taewdsannlssuindunseduidunan 14 fu
(3uil 74) Aszgninzfudenfiotluasamsedu neutralizing antibodies saidalafaits 4 &ls

nd et nanleunldusznaunisdnauladiusunisveasusainagidenyiadente

N1491d8n9 1 : Virus challenge

§USHas neutralizing antibodies siawiiolasans 4 dlslnd egluseduige (@aninisnaaey

v
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ludansaneunfslasunianseduiie TONA 91uu 3 A39 AaUseunn 1,280) Awianunvggnuuaingy
wuugu eondu 4 ngue) az 6 §7 wiely challenge dagsdalasaiavane 4 Flslnd Tuduii 90

wagndantuazgninisideniensiaiamnuisunalifalunssuaiden (viremia) Tutuit 92, 94, 96,



98, 100, 102 war 104 w8997n challenge uargniatziiutiennssgarineluiui 120 Wons1am

anamnestic response $18aZLIATBINTIATADALEAILUATTIT 1

- DO D30 D60 D74 D90 D120
Bleeding T Vobooa
DO D60 D90 D120
Immunization tLAV x 24 Boost Challenge END
#1 4 serotypes
D2/1-3pm+A tDNA D1-03-0398x 6
D2/2-3pm+A Opt 2m D2-03-0420x 6
D2/3-3pm Opt g

D2/4-2pm+A

D3-C06/129 x 6
D4-2-0201-5 x 6

AN 1: WEAIANTNNTRATATY YBINGUN 1 (MaFenil 1) nsdliusunn NtAb eglusediugs A

QALUINAULULEN NeNay 6 63 31U 4 nay wazgn challenge fMewelasawnsn nquag 1 Flslnd 7

U3l 1 x 10° FFU lududl 90 9esnnsmageu

yadendi 2 : Additional TDNA boosting

§MUSNI neutralizing antibodies savtalian 4 @lsind egfluszauii fvimunazgnia

nszfudieindu TDONA sWudn 1 Ase luduil 90 wazgnuuinquuuugy oanilu 4 nque az 6 i

wietly challenge dagstalasaasnns 4 Flslnd Tudui 120 wazndsainiuazgniazidonile

asrafanuUs il alunsyuaiden (viremia) lutufl 122, 124, 126, 128, 130, 132 waz 134

#8497 challenge wazgnianziiuidennssgaringluiuil 150 1ens19%1 anamnestic response

S18aLLDEAVDINITLINLLADALAAIIUAITIN 2

- DO D30 D60 D74 D90 D104 118 D120 D150
e T A S N A TR
DO D60 D90 D120 D150
Immunization tLAV x 24 Boost Boost Challenge END
H1 #2 4 serotypes
g:ﬁ:g:z:: o tDNA tDNA D1-03-0398 x 6
e e 2 mg 2 mg D2-03-0420 x 6

D2/4-2pm+A

QnAnnszAumeing

9

WANIANT19NTAATATY Yaengun 1 (Madan?l 2) nsdlNUSII NtAb eglusediun

283ATU TONA 1Windn 1 a3 Twiud 90 Mntudeasgnuuanguwuuds nquay

D3-C06/129 x 6
D4-2-0201-5x 6
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WU 4 Ngu wazgn challenge me@olidanan nauaz 1 Flsnd AU3una 1 x 10° FFU Tudud

120 va3n1snaday

]
1 =

NaUN 2 : Control (N = 12)

e &

nau control Wlaldsauiulasansveauminerdeniing (n5.59u05 Wwauugaavena Wy

a

Uszaruaw) velieUsendnsudssunaluniadesy {33eddlanunulingy control Wu 13y

audunsluTun 90 vesn1svaaeu tngaziuily Day 0 ¥oIn1sNAa8s

a %

faiavun 91U 12 67 (Flavivirus naive) avgn@neig PBS Tuduil 90 (W38 Day 0) viaann

tuazgnuunlungudes o challenge Medialisanan va 4 Flslnd vng subcutaneous route lu

Ui 120 (W59 Day 30) S188%0UAU8IN15A1LIa0ALaRlUAIT1T 3

S R TITTT
D90 D120 D150

Immunization PBS x 12 Challenge END
4 serotypes

D1-03-0398 x 6
D2-03-0420 x 6
D3-C06/129x 6
D4-2-0201-5x 6

AT 3 UAAIA1319NSARTATY YBenguil 2 (nguAduAs) Aevzgndnade PBS Tuduil 90
(Day 0) IMNUUANLYNUUINGUUUUFN Neuae 2 67 31U 3 nau 1wy challenge fMealasaiian
Flslnd 1, 3 uay 4 uaz nguaz 6 i 91w 1 ngu s challenge MedeliFaian &lslnd 2 7

Usunas 1 x 10° FFU Tuduii 120 (Day 30) 999MINAFBY

msneaevillaisusidumsiaviiuiden day -30  Wie screening wasilLgaNdmSU
anldnegevlunaniiotun 26 ne. 59 NH1UIN AIRNNSNNRRdlUAY  LaTNISNAFBUNIY

WeaufuRnmsazuduasauszana w.e. 60



M990 1 wanesgazidennisinsiionvesdailasuintulungui 1 Option 1: TLAV + TDNA 31u9U 1 A3

A o ;'Iotacll Wh°('§nf;'°°d EDTA blood (ml) Clotted blood (ml)

a ven 00

’ (ml) | Total || CBC Ui (‘C'f,?'x'ﬁid) (vf.t:iro.) PBMC  [pa (v:IRer;ro.) (vlj:’::rnf;.)
-30 Screening 10.5 0.5 0.5 5 0.3x8 V 5 0.5x4 0.5x1
0 Immunizing 1.6 1.6 0.2x4

2 1.6 1.6 0.2x4

4 1.6 1.6 0.2x4

6 1.6 1.6 0.2x4

8 2.7 0.5 0.5 2.2 0.2x4 0.15x2

10 1.6 1.6 0.2x4

12 1.6 1.6 0.2x4

14 3.2 2.2 0.2x4 0.15x2 1 0.5x1

30 8.7 0.5 0.5 3.2 0.2x8 y 5 0.5x4 0.5x1
60 Boost #1 7.2 3.2 0.2x8 V 4 0.5x4

74 7.2 0.5 0.5 3.2 0.2x8 y 4 0.5x4

90 Challenge 2.6 1.6 0.2x4 1 0.5x1

92 1.6 1.6 0.2x4

94 1.6 1.6 0.2x4

96 1.6 1.6 0.2x4

98 2.7 0.5 0.5 2.2 0.2x4 0.15x2

100 1.6 1.6 0.2x4

102 1.6 1.6 0.2x4

104 3.2 2.2 0.2x4 0.15x2 1 0.5x1

120 8.7 0.5 0.5 3.2 0.2x8 y 5 0.5x4 0.5x1




A19197 2 waneEaslBunn1sNzienvesielilasuindulungui 1 Option 2 : TLAV + TDNA 31u3U 2 A39

A o t‘)l'lotacll Wh°('fn'|°)'°°°' EDTA blood (ml) Clotted blood (ml)

a ven 00

Y (ml) | Total | cBC Total (‘\’,gf'x'zi") (vgti‘f;_) PBMC | Total (VZR;(NJO_) (v';il"i’nf;_)
30 | Screening | 105 0.5 05 5 0.3x8 N 5 0.5x4 05
0 Immunizing 1.6 1.6 0.2x4

2 16 16 0.2x4

4 16 16 0.2x4

6 16 16 0.2x4

8 27 0.5 0.5 22 0.2x4 0.15x2

10 16 16 0.2x4

12 16 16 0.2x4

14 3.2 22 0.2x4 0.15x2 1 0.5x1

30 8.7 0.5 05 3.2 0.2x8 N 5 0.5x4 0.5x1
60 Boost #1 7.2 3.2 0.2x8 N 4 0.5x4

74 7.2 0.5 0.5 3.2 0.2x8 v 4 0.5x4

90 Boost #2 7.2 3.2 0.2x8 N 4 0.5x4

104 6.7 0.5 05 3.2 0.2x8 N 3 0.5x3

118 16 0.6 0.15x2 1 0.5x1

120 | Challenge 16 1.6 0.2x4

122 16 16 0.2x4

124 16 16 0.2x4

126 16 16 0.2x4

128 27 0.5 0.5 22 0.2x4 0.15x2

130 16 16 0.2x4

132 16 16 0.2x4

134 3.2 22 0.2x4 0.15x2 1 0.5x1

150 8.7 0.5 05 3.2 0.2x8 N 5 0.5x5 0.5x1




A19197 3 waneuasBunn1sNzienvesdinlasuindulungui 2 Control

Total Whole blood (ml) EDTA blood (ml) Clotted blood (ml)
o Event b(llr(::l))eI Total cec e Xﬁ?&'ﬁi") (vgt: ?:o) PEMC (s (vglR;N:o.) (viiff;rnf;.) (vcgt:(1 ?:o.)
60 (-30) Screening 10.7 0.5 0.5 5 0.3x8 v 5.2 0.6x1, 0.5x1 0.5 0.2x5
90 (0) Immunization 9.2 5 0.3x8 v 4.2 0.6x1, 0.5x1 0.2x5
120 (30) Challenge 1.6 1.6 0.2x4
122 (32) 1.6 1.6 0.2x4
124 (34) 1.6 1.6 0.2x4
126 (36) 1.6 1.6 0.2x4
128 (38) 2.7 0.5 0.5 2.2 0.2x4 0.15x2
130 (40) 1.6 1.6 0.2x4
132 (42) 1.6 1.6 0.2x4
134 (44) 4.4 2.2 0.2x4 0.15x2 2.2 0.6x1, 0.5x1
150 (60) 7.7 0.5 0.5 3.2 0.2x8 v 4 0.6x1, 0.5x1 0.5x1 0.2x2




Humanized mouse model

Humanized Mice Model Construction for Vaccines and Immunology Researches

1. Set up the protocol for haematopoietic stem cells (CD34+) isolation from umbilical
cord blood
TuszeziSuduradlasanisldinisuen Haematopoietic stem cell (HSCs, CD34+) 21niden
awazie (umbilical cord blood) Lieldlunmsugnareguy NOS-SCID IL-2R Y™ (NSG) nanisuen
CD34+ cells wuinamnsauen CD34+ lalusziuihianels Aefl purity w81 CD34+ gsnin 99% (U7

1) FuwaanuenlalavihluidewasUgnaglunyiiioasns humanized mice soly

u’ Ty

= Isotype control - d Anti-CD34

8- 8 99.17%

w5 w8

3, ] | 5 ]

QO: =

31 o 82 Mt

8 33

o1 o

w? ot w? et 0 1ol 102 100 10t
CDI4APC D3 AP

gﬂﬁ 1: Purity v99 CD34+ fiwenléann umbilical cord blood

2. Engraftment of CD34+ cells in immunodeficient mice (NOD-scid IL-2Y™!, NSG) mice
mM3vanaty HSCs Tumy NSG anunsavilaaesds toua nsdgnaelugnufielvg (e1gldiiu 5
) wagmsUgnanelunylawdude FeiiBnssinedu Tiun
21 ﬂﬂiﬂgﬂd'}ﬂugnﬁgtﬁﬂimj (engraftment in newborn mouse)

anunsoinlalaenisnisun HsCs Auenldlude 1 @eeilusmsiasusadfiddiulseney
284 fetal bovine serum 10%, IL-3, IL-6 waz stem cell factor 98198y 10 ng/ul I@EJL?:EN
Huan 2 Ju wdsantudimadusyann 2.5X10° wad 11 reconstitute #2891%751A 84

waan Us1aanng sy (serum-free media) US1105 30-50 ul w12 a1 luus s
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(%

(intrahepatic injection) Aaanalusun 2 Jiasrzrivsuawadssuugdduiuvesauluny

189970 Nae HSCs Tuuwanduian 8 dUasi

JUN 2: n138a HSCs iluuiausu (Intrahepatic injection) vasgnuuiinlu

2.2 msﬂgndwiuwgimﬁu%’a (engraftment in adult mouse)

msugndne HSCs Tumylaiaiedu mneddeiifiusidountid wuiragsdesiimslviedd
gvisluaewaduylulunszgniitel HSCs vesauamsaiinluasyAulnuaziannle Tu
nsnnaesiialien Busulfan 25 me/ke 31U 2 doses ety 24 Fluslaedanisdasvios
ilo3a Busulfan Asu 24 aluaudafazia HSCs Usvanas 2.5X10° waadiuenuazideslude
1 Hunanaendenmifiusiiamie (til vein) nd1a1ndn HSCs ASU 8 dUaWuda fiae

(4

AneigUTnawadssuuiiauiuvesaulunysely

Y 9

1% busulfan || 2™ busulfan CD34+

25mg/kg 25 mg/kg (2.5x10° cells) Human cells analysis

l 1 ( 1 ( : l

L] L] L]
Day1 Day2 Day3 Approx. Day 60

35U 3 n3zUIuNn38A busulfan waz HSCs Tunladiudy
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3. mewsziwadaulunyild3unisugnaeHSCs (Human cells engraftment analysis)

ilonsu 8 dUnmindsandiugnane HSCs Tumy NSG (newborn %138 adult) a8¥1n13
zideamyiiolinssiviinaeadluszuugiduiuvesau Inen1sin CDA5+ cells 35 CDA5
Ju marker faazuanseenluwadifinvnynuiavesau Tnevinnsinnaeadludentising
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House Dust mite DNA vaccine

The goal of the present project is the development of an efficient therapeutic vaccine against
HDM allergy and based on DNA plasmid expressing a secreted form of the major HDM allergen
Der p 2 and delivered in-vivo by electroporation.

The project was subdivided into four sections:

1)Design of an adjuvant-free animal model of HDM allergy in order to evaluate the DNA
therapeutic vaccinations 2)Optimization of the DNA therapeutic vaccinations in the established
mouse model of HDM allergy at the level of some adjuvants able to activate cytosolic DNA
sensors

3)To prepare a Virus-like particles based-protein vaccine containing multi-copies of Der p 2 for
future heterologous prime boost vaccinations.

4)Component-resolved diagnosis of HDM allergy.

1) Adjuvant-free animal model of HDM allergy.

In our previous evaluation of prophylactic DNA vaccinations in mice, we sensitized naive mice
with Der p 2 formulated with a potent Th2 adjuvant (Alum) and challenged intranasally with total
HDM allergen extracts. The therapeutic efficacy of our vaccine cannot be tested using the same

animal model as the Th2 response induced by the injections of Der p 2/alum is too potent that

16



the reversion into Th1/Treg biased immunity is too difficult. Consequently, and to be more close
to the natural HDM sensitizations (airway sensitizations), groups of naive Balb/C mice were
sensitized with low-LPS content commercial HDM allergen extracts (Greer, USA) through intranasal
administrations following five different protocols, in order to set the protocol which induces the

highest level of allergic airway inflammation:

Group (n) Sensitization Challenge

Day 1 Day 2 Day 3 Day 17 Day 18 Day 19
G1(5) 2ug/40ul 2ug/40ul 2ug/40ul 20ug/40ul 20pg/40ul 20ug/40ul
G2 (5) 20ug/40ul 20ug/40ul 20ug/40ul 2ug/40ul 2ug/40ul 2ug/40ul
G3(5) 2ug/40ul 2ug/40ul 20ug/40ul 20pg/40ul 20ug/40ul
G4 (4) 10ug/10ul 20ug/40ul 20pg/40ul 20ug/40ul
G5 (5) 2ug/40pl 2ug/40pl 20pg/40ul 20pg/40ul 20ug/40ul
G6 (3) PBS PBS PBS 10pg/40p! 10pg/40pl 10pg/40p!
G7(2) No treatment No treatment No treatment No treatment No treatment No treatment

Groups 6 (no sensitization but challenge) and 7 (background, naive animals) were used as negative
controls. At the end of the challenge, animals were sacrificed to collect the blood as well as to
perform bronchoalveolar lavages to detect the presence of HDM-specific IgE antibodies and the

infiltration of inflammatory cells in the airways (mainly eosinophils).

Our results indicated that the protocol performed in group 5 (two sensitizations with 2ug/d0ul at
two days interval + three challenges with 20ug/40ul) produced the highest cell infiltrates in the
airways including the highest amount of eosinophils (Fig.1). The five protocols were shown to
induce as well comparable HDM extract-specific IgE, compared with the groups 6 and 7.
Consequently, we decided to select the protocol from the group 5 in the future vaccination

experiments for the induction of allergy.
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Fig.1. Total amount of eosinophils from BAL fluids and HDM allergen-specific IgE from sensitized

mice using different protocols

2) Optimization of therapeutic DNA vaccinations

During the first semester in 2015, the research activities were interrupted because of the
unavailability of mice until June 2015. Indeed, the Mahidol animal Facilities were infected by

Pseudomonas aeruginosa.

In June 2015, the following therapeutic vaccinations were initiated in sensitized mice. In this
experiment, Balb/C mice were sensitized with low-LPS content commercial HDM allergen extracts
(Greer, USA) through intranasal administrations at days 1 and 3 (2ug/40ul). Animals were
vaccinated at days 14 and 24 using protocols shown below, in order to evaluated different

adjuvants able to activate cytosolic DNA sensors and prime-boost vaccinations:

n=7  Allergic control group (NO VACCINE)

n=5  DNA Der p 2 20 pg (electroporation)

n=>5 DNA Der p 2 20 pg + cGAMP 10 ug (electroporation)

n=5  DNA Der p 2 20 ug + CpG 10 pg (electroporation)

n=5 DNA Der p 2 20 pg + cGAMP/CpG 10pg

n=5 DNA Der p 2 20 ug/cGAMP 10 pg (prime) + Der p 2 5 ug/cGAMP10 pg (boost, intramuscular)
n=5  DNA Der p 2 20 pg (prime)+Der p 2 5 pg (boost, intramuscular)

n=2  No sensitization/no vaccine BUT challenge
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n=1  Naive

We decided to combine DNA with such adjuvants as in-vivo DNA delivery by electroporations
would directly administrate the DNA vaccine into the cytosol, an area rich in DNA sensors which
are important for the immunogenicity of DNA vaccines. The cyclic dinucleotide cGAMP is an

activator of the cytosolic DNA sensor STING whereas CpG can activate TLR9.

With the exception of one naive animal, all the mice were subsequently intranasally challenged
three times at days 36-38 with the same HDM allergen extracts (20 pg/40 pl). The animals were
sacrificed on days 41 and 42 to collect the bronchoalveolar lavage fluids, the spleen as well as
the serum. The immunological read-outs (cell infiltrates in BAL, T-cell proliferation for cytokine
detection, specific 1gG1, IgG2a and IgE) were performed to characterize the Der p 2-specific

immune response.

Der p 2-specific antibody responses

As shown in Fig.2, the allergic control group developed very low Der p 2-specific IgE if we
compared the IgE production with the one measured in naive mice. This result was quite expected
as these animals were sensitized and challenged with HDM extracts which contained few amount
of Der p 2. In all the vaccinated groups, the Der p 2 specific IgE production was comparable and

weak. No statistically difference was measured.

With the exception of mice vaccinated with DNA Der p 2 alone or adjuvanted with cGAMP
(homologous or heterologous prime-boost) in which a significant specific 1gG1 production was
measured, no specific 1gG1 was detected (Fig.2), even after the vaccinations. For the specific 1gG2a
response, we measured the development of comparable Der p 2-specific 1eG2 following the
vaccinations with DNA Der p 2 (+/- cGAMP), DNA Der p 2 + CpG, DNA Der p 2 /cGAMP (prime) +
recDer p 2 /cGAMP (boost) or unadjuvanted DNA Der p 2 (prime)+unadjuvanted recDer p 2 (boost).
Surprisingly, no specific 1gG2a was measured for the vaccine DNA Der p 2 + cGAMP/CpG. Following
the challenge, the intensity of the IgG2a response was not modified. We could conclude from
the data that the DNA adjuvantation with CpG or cGAMP, under our experimental conditions, did

not improve the specific IgG production.
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Fig.2. Der p 2 specific IgE detection Post vaccination #2 and after the challenge.
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Fig.3. Der p 2 specific Igl and IgG2a detection Post vaccination #2 and after the challenge.

Airway inflammation analysis

We first determined the total amount of cells in the bronchoalveolar lavage fluids. As shown in
Fig.4, there is no marked difference at the level of this cell amount between groups. We can
observe also an abnormal elevated amount of cell infiltrates in naive mice compared with the
allergic group and the vaccinated animals. We noticed also the poor level of airway inflammation

in the allergic group as the level of the total cell infiltrates was low.

Maive

Ma sensitization/no vaccine BUT challenge

DNA Derp 2 20ug (prime)+Derp 2 5ug (boost)
DMA Derp 2 20ug/cGAMP 10ug (prime) + Derp 2.

DMA Derp 2 20pg + cGAMP/CpG 10ug
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DA Derp 2 20pg + cGAMPLOuE

DMA Derp 2 20pg

Allergic —

0 200,000 400,000 600,000 800,000 1,000,000

Total cell number in BAL

Fig.4. Total cell number in BAL fluids
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Following a specific staining of the cells from the BAL fluids, we estimated the percentage of
alveolar macrophages (AM), lymphocytes, neutrophils and eosinophils (Fig.5). As expected, only
AM was detected in the BAL fluid from naive mice. In the allergic group, very few eosinophils
were detected (around 10%) confirming that such allergic control group did not develop HDM
allergy appropriately. Such level of eosinophilia or even higher percentage was measured in any

vaccinated groups.

Maive

Mo sensitization/no vaccine BUT challenge

DMA Derp 2 20pg (prime}+Derp 2 Spg
{boost)
DMNA Derp 2 20pg/cGAMP 10ug (prime) + Der
p 2 5pg/cGANMP10uE (boost)

EAM
DMA Derp 2 20ug + cGAMP/CpG 10ug
Blym
DMA Derp 2 20pg + CpG 10pg B Net
B Fo

DMNA Derp 2 20pg + cGAMP10pg

DNA Derp 2 20ug

Allergic (no Vaccine)

0 10 20 30 40 50 60 7O EBO S0 100

Percentage of cells

Fig.5. Percentage of inflammatory cells in BAL fluid

From these present data, we can consider that, using the same experimental protocol to trigger
allergy with the same batches of reagents (See Fig.1), the development of HDM allergic response
was very weak. Consequently, it is quite impossible to estimate the vaccine efficacy of our
different DNA vaccine formulations in the present experiment. One explanation could be that
such animals were not healthy as these mice were housed at Mahidol animal facilities previously
contaminated with P. geroginosa. It must be pointed also that an abstract issued at the World
Allergy Congress (WAC 2015, Seoul, October 2015, 9196 Cyclic Gamp-AMP(cGAMP) Induces Allergic
Inflammation, Ozasa et al.) could indicate that cGAMP could trigger Th2 response using a HDM
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allergy model, suggesting that cGAMP would not be appropriate to formulate vaccines against this
form of allergy

Before initiating new DNA vaccine experiments, we decided to reconstruct the recombinant DNA
vaccine under GLP, using brand new reagents fully documented at the level of expiry date,
catalog/batch number. Indeed, such GLP grade must be reached in order to validate any
experimental results from in-vivo vaccinations using the plasmid pHIS-Der p 2 in preclinical studies.
Such conditions are mandatory for future clinical trials. Consequently, the plasmid reconstruction
was also fully documented into a lab book with labeled pages. The complete sequencing of the
pHIS-Der p 2 confirmed the authenticity of the recombinant plasmid. The plasmid will be very
soon used in transfection assays to demonstrate its capacity to express but also to secrete Der p

2. Once we will confirm Der p 2 production, we will initiate new therapeutic DNA vaccinations.
3) VLP-Der p 2 production

In order to produce a virus-like particle (VLP) exposing multicopies of the major HDM allergen Der
p 2, we used a recent technology called SpyTag/SpyCatcher (collaboration with Prof. Adam
Sander, Copenhagen University) in conjugation with the use of the bacteriophage AP205 capsid
protein. This capsid protein, when expressed in E.coli, can self-assemble to produce a VLP. A
fusion protein between this coat protein and a split unit of Streptococcus pyogenes fibronectin-
binding protein FbaB (SpyCatcher) can always self assemble into VLP in E.coli. If any antigen is
expressed in fusion with the second split unit form FbaB ( a short peptide tag called SpyTag), the
conjugation of these two proteins ( SpyCatcher-AP205 coat on one hand, SpyTag-Antigen on the
other hand) induces the spontaneous formation of an isopeptide bond between a Lys and an
Asp present in two split units of FbaB. This technology offers a simple way to conjugate antigen
to VLPs. The major HDM allergen Der p 2 was expressed in the Shuffle bacteria strain as SpyTag-
Der p 2-(His)6. Following IPTG induction, the soluble Der p 2 protein was purified onto immobilized
Ni2+ column. The recombinant protein was subsequently conjugated to the SpyCatcher-AP205
coat protein to produce such VLP-Der p 2. The conjugation was estimated onto SDS-PAGE. Such
VLP-Der p 2 will produced in a larger scale to initiate in-vivo experiments using heterologous

prime boost protocol (DNA-Der p 2 prime, VLP-Der p 2 boost).
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4) Component-resolved diagnosis of HDM allergy.

We evaluated the IgE reactivity to recDer p 2, recDer p 13 and recDer p 23 in a cohort of HDM
allergic patients (ImmunoCap positive, N = 222) from the King Chulalongkorn Memorial, Children,
Ramathibodi and Phramongkutklao hospitals. To our knowledge, it is the first component-resolved
diagnosis of the HDM allergy performed in Thailand. Fifty four percent of the HDM-positive sera
(n=119) showed specific IgE reactivity to recDer p 23 whereas IgE reactivity to recDer p 2 was
detected in 67% of the same mite-allergic individuals (n=148), confirming that Der p 23 is a major
allergen. A significant positive correlation between OD values to Der p 23 and to Der p 2 was
evidenced although several patients were monosensitized to one of these two allergens
(Pearson’s correlation, P<0.0001). We further evaluated the influence of recDer p 23
oligosaccharides on its IgE binding properties. By comparing the OD values of Der p 23 positive
sera obtained from the ELISA against recDer p 23 with deglycosylated recDer p 23, we confirmed
that the glycan structure of recDer p 23 did not impact the IgE binding. Using Fifteen out of 222
patients displayed specific IgE to rDer p 13 (7%). Our data therefore confirm that Der p 13 is
classifiable as a minor allergen in that it is a target of IgE antibody in a low proportion of the HDM-

allergic population.
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Dengue Prime-boost Immunization Strategy
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Dengue Vaccines Prime-Boost Study in NHPs
Exp 1: DENV-2 Virus Challenge
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Group 2 : Homologous TDNA / TDNA

Group 3 : Negative Control
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Individual PRNT50 titers and viremia (Pre & Post challenge)

Group/ DENV:2 PRNTS0 DENV2 PRNTS®  ropo & e Defined
Mu'nltéypNu. Pre-challenge | Post-challenge Foldschange  Viremia protection
Group 1
M%HA
No.f1 2560 2560 X
No. 12 64 a 2X N Yes
No. 1 ~ . Yes.
2 184 Score of Solid Protection
Na. 1/4 64 Yes
No.1/s 324 = Absence of viremia Yes
GMT 3
Group 2 = No anamnestic Ab response (>4X)
TDN‘%IDNA _
0. 21 128 Halstead SB, Vacdne 2013, 4501-7. Yes
No.2f2 320 5120 ToTT = No
Mo. 2||13 160 20480 128X Yes Mo
No. 2/4 150 2560 16X Yes No
No. 2/5 1280 10240 8X No No
GMT = 422 GMT =588 13.9X
Gro
Neg:?;l%e Ctrl :
0.31 <10 320 32 Yes No
No.3/2 <10 320 >32 Yes No
Percentage of NHPs were protected
against DENV-2 infection
(indicated by solid protection criterica)
100%
1009
ﬁ 8O-
.E’B
zE 604
i3
§ * o apd
% . 20%
0
02
el
TLAM/TOMA TONATOMNA Contrcd

Heterologous TLAV-prime/TDMNA-boost could induce a sterilizing immunity.
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Dengue Heterologous Prime-Boost Study in NHPs
Exp 2 : Challenge virus against all serotypes

Heterologous Prime-boost (N=24): TLAV + 2X TDNA (ID-EP)

= oo D30 (3301} D74 Dan D118 D150
FFTTTTAN S S S R TITTTT—
D0 De0 D90 D120 D150
| |

Immunization TLAV x 24 | Challenge END

4 serotypes
[{N=6/serotypes)

Control (N=12) : PBS
Do (D90} D30 (D120) D60 (D150)
ooy o
DO D30 De0
| I
Immunization PBS x 12 Challenge END

4 serotypes
{N=3/serotypes)

NtAb Response against all 4 serotypesin
the Heterologus TLAV/TDNA NHPs (N=24)

TLAV TDNA  DENV
10240 |
51204 v 4 b J“ i
25601 :
1250
G401
7 320
B 604
é 80
401 T §
2104 i | e
n‘ 104 = DU, 133 (100%), T30 [ 1ML h
59 3, &55 { LO0RE)Y, 1,470 ( W)
| D3, e gETp, 223 (100

- D, ARk 261 (100t
T T T T T T T T T T 1

0 15 30 45 60 75 90 105 120 135 150
Day after the first injection

TLAY prime can induce the NtAb against D, D2 in all antmals but not only 874% in D3 and Da.
The lewel of MEAL ogoinst D3 and 04 ore also very low,

Boosted with TDNA, the increased NiAb ogainst 4 serotypes con be observed in all onimods with
the highest titer against D2,
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DENV-2 NtAb Response
in the Heterologus TLAV/TDNA (N=6) vs Control (N=3)

TLAY — TONA — DENV-2 03-0420 l DENV-2 challenge |

Common viremia evidences after each dengue serotype challenge

Plague (Infectious) assay
= All vaccinated NHPs were protected from detectable viremia
= Naive NHPs had detectable viremia for 2-8 days post-challenge

RQ-PCR

*  |n vaccinated NHPs, viremia enset was delayed and/or the duration was shortened relative
to naive control

- v aller The Tirst 106 T S

Commeon l!_mb"a';;:hml after each dengue sad;type challenge

NHPs :
mnestic Ab response (GMT) was

titer agai det
*  Cross-red heterotypic Abs were elicited in homdtypic and heterotupic uirus),
DENV-1 ahd DENV-2 challenge groups.
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— e

DENV-1 NtAb Response
in the Heterologus TLAV/TDNA (N=6) vs Control (N=3)
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DENV-4 NtAb Response
in the Heterologus TLAV/TDNA (N=6) vs Control (N=3)
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DENV-3 NtAb Response
in the Heterologus TLAV/TDNA (N=6) vs Control (N=3)
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1 Chula VRC Percentage of Vaccinated VfNon-vaccinated NHPs

T oo

W g B

- TITTIT that were protected against all 4 serotypes

¥ NHPs with <d-fold rising of Nab

(indiceted by solid protection criteria)

L 80% 83% 83%
80 67% 67
z W@
£
& a0
20
1]
Ouerall DENV-1 DENV-2 DENV-3 DENV-4

W Heterologous TLAY prime-TDMNA boost vaccinathon & Control (PBS)

Heterologous TLAV-prime/TDNA-boost vaccination provided
= BO% sterilizing immunity (19/24)
- 20% partially protection (5/24: no anamnestic Ab, viral RNA detected by g-PCR)

Chula VRC Summary

i, e e e

In mice: Prime/boost strategy either by TLAV/TDNA or TDNA/TLAY
showed superior to TLAV or TDNA alone in inducing NtAbs.

In a DENV-2 challenged NHP study, a complete protection was observed
in heterologous TLAV-prime/TDNA-boost; whereas homologous TDNA-
prime/TDNA-boost showed only partial protection.

In all 4 serotype challenged NHP study, the heterologous TLAV-
prime/TDNA-boost showed 80% overall efficacy.

Our heterologous prime-boost strategy is an interesting approach to
induce solid immunity or at least to reduce viral load after natural
infection, avoiding severe dengue.

Identification of the critical correlate of protection for our TLAV-
prime/TDNA-boost lays the groundwork for further development of a
tetravalent dengue vaccine.
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COVID-19

Covid19 @@
MRNA Vaccines

Developing at Pandemic Speed

Kiat Ruxrungtham
Professor of Medicine,
Chula Vaccine Research Center,
Faculty of Medicine
Chulalongkorn University;

In collaboration with Professor Drew Weissman, U. of Pennsylvania, USA.
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mRNA-S vaccine results in mice
1 dose VS 2 doses

Micro NT
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mRNA vaccine in monkeys
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mRNA vaccine results in monkeys : Day 15
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@ mRNA1 (50 ug)
B mRNA2 (5 ug)
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