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Abstract

This article describes the progress of the development of monoclonal antibody (MADb)
biopharmaceuticals for the treatment of dengue fever, a global public health problem with no specific
cure. The research team from the Center of Excellence in Antibody Research, Faculty of Tropical
Medicine, Mahidol University, collaborated with Osaka University to develop a Neutralizing Human
Monoclonal Antibody (NhuMAb) that can effectively inhibit all four strains of dengue virus by modifying
the antibody to work without causing Antibody-Dependent Enhancement (ADE), a factor that makes the
disease more severe. The development of this drug has been tested in experimental animals, such as
suckling mice and marmosets, and has shown effective virus inhibition. The research team has been able

to register patents covering 11 countries and has attracted the attention of BSV Biosciences, a company
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in the United States, which has invested in and brought the drug into production in a GMP-standard
factory, as well as conducting clinical trials (Phase I-Ill) to bring it to market. The success of the
development of NhuMAb not only helps create opportunities for Thailand to be self-reliant in the
production of biological drugs but also helps reduce the burden of public health expenses and increase
economic opportunities in the pharmaceutical and biotechnology industries. This development is an
example of innovation from research that can be further developed into commercialization in line with
Thailand 4.0 guidelines, and it will also help dengue patients worldwide receive more effective and safer
treatment.

Keywords: Monoclonal antibodies, Dengue, Biopharmaceuticals, Virus inhibition, Medical innovation
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hemoglobinuria) WanlaauIEn Alexion Pharmaceutical USA. laganlgaslunissnwiainaisly MAb dde
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(http://www.bccresearch.com/pressroom/bio/global-market-biologics-reach-nearly-$252-billion-2017 )
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Tuituiifdessionisinide DENV Uszana 390 uaunlandnide DENV Tneiliiou 100 &uauuanteinistae

Tudwaudfduieds 500,000 puiiduldidensenuiingunss (DHF or DSS) uazdiideTinuinndn 25,000 AuAD

U

o
o [N

U (WHO report on dengue 2019) aufisllaqiu denslufienfianizlunsduds DENV way Jadunifloghdsned

Y

= a

aaliuduenlunistiosiulsa Tnedl efficacy o DENV serotype 2 siiies 36 % nswawienfinandad
anuddnn Taga1na1udseves Srikiatkhachom et al (2012) wuinuTunas DENV igeluteiild aziinasie
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AewuSTuAneInMsAnTensausn Iunsmauﬁamm;ﬁﬁm%a%’mﬁﬁu’q Neutralizing antibody sie DENV @1
WusTinndendausn uay Non neutralizing antibody flazdufiu DENV anewusiinalusile uslianansaduds
DENV anesiusiinaluaiiily Tne DENV fifinlmiazdufuueuiivefiidiutarediu Fragment antigen binding
(Fab) uazth DENV daludlluifiunisindefuwadinidenan effector cell Asufudmtanedu Fragment
crystalline (Fo) wasuaufived nelviAnnisfinde DENV inndy uazvilfAnarusuussedlsaifiadu Fond
n19LAM Antibody dependent Enhancement (ADE) Fouftewamne1danin NhuMAb #iguds DENV s 4
serotypes laglineoliiin ADE 7i33dpveu5134laa519 Fc modified NhuMAb (210 NhuMAb Taausngiay 19
waz 54) TnewUAsuan Fc 789 NhuMAb fisiunisnsnesiilu L230A uag L235A (LALA) vilsidan Fc vas Fe
modified NhuMAb liigufy effector cell wazlsitih DENV anrsliinnisinite DENV 11t uazldvnaay

WU Fc modified NhuMAb 19 wag Fc modified NhuMADb 54 #ia4199u anansasusslaa DENV wa 4
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serotypes 161 90-100% NT Ipelsinelifiin ADE fu DENV W 4 serotypes luwad K562 71l Fc Receptor Lae

(Ramadahny et al, 2015; InJampa et al, 2017)

| | | | | | | | | | |

I 1
2009 2011 2012 2015 2019 2020 2023 2025

Production Pre-clinical test GMP Production Clinical trial
Human Fusion partner

CLINICAL TRIAL

25 1 \ENa/piyR-- (2)
]

Application for - ygnocional antibodies
diagnostics and

therapy A
~k-

Phase I

2024
FDA approved

WAWIE11NRIUHURNS 10 U auliusenuwmunsagidenidive

Wmnegean ¥8an1AILNENTIW Therapeutic antibody Aenslisnwlsasdunywd dslu
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dawaliiusysuuien BSV-Biosciences latpumanaiiiunisnslun1svidye Licensing Aunwinedeuding

\ioth Fe-modified NhuMADb Taau 54 g ennalvd nelasedyandnenauselowiliug avinendeudiog
war wihenuiiud1vesdnites fadeliilunanAdefidasuinulaetnidelne Aflusdvenvualngain
aUszmaauls wnamundne1dininlulssnnuy GMP amunegeuludnivaaes uaz amunaaaussluly
g1a1adAs Clinical trial phase 1-3 UHHIUNITTUTOIIINAULNITUNITOMNTUALYT Uag 0BNTIMUIELT ¢
WIRYE ('iaumﬁamu&”’m@iwém yiegey e ¥e 88, Uszanas 350 &1uum) F9 uennunTInendeuiinauay
MNUTINEANTURTElAHanoULNLINUIENAINAT Milestone payment Apuusn (Usvanad 17.5 §1uu)
wazA1 Royalty 4 % veswenvierel Wunai 15 ¥ audgrsin 3,000 a1wum (Useann 200 aruun / U
fhileenve 5,000 &um 9InMsHeElay 1 41 dose 5191 dose ax 5,000 UM 17l WHO Uszanainisal
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TssuenTrnmanasgiu GMP amadeumMauInYeseiitiosfianilisnumy AG-129 figndaide DENV (5221
strain) $1UU 1.5 x 10 7 PFU ihnsuanien wiaiiely 1 fuisdndnu udrannsosendiels 100 % ileiduns
1 first dose in human lun13%i Phase | Clinical trial Tngnuitwunnveden Fe-modified NhuMAb 7 25-50
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mg / ke \Uu dose Minzaudigalunisvir Phase | Clinical trial fsdulunisvageulueiaaiaslutusely
H3383gld Fe-modified NhuMAb Taau 54 AIRERINTTIUEFINNNINTZIL GMP AvuInAdudy 25-50
mg / kg A maeaay Phase | Clinical trial Iummaﬁﬂiqmmwﬁ 971U 90 AU WAy NAdaU Phase Il Clinical trial

TuranadinsgUlgliifonssn 31uu 100 AU (MAIRENTS)
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Dr. John Kaundinya, President, BSV Bio-Scienes Inc. signed contract for
produce & test our NhuMAbs, licensing contract was signed.

@ ) ' - BSWV
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nsvrukarTinedseldnnunerenuannndt 10 U doud . 2552 sulsrauarudiSadundausn
TulanlunisasrsuauRiveduysd (Neutralizing Human Monoclonal Antibody; NhuMADb) Fudihsdldidenoen
W 4 serotypes laglt SPYMEG myeloma cell (Setthapramote et al., 2012) I@8U§8QﬂﬁLLu?ﬁ®LWﬂIu1EﬂgﬂWi
a¥1aueufivefsisaindinsznuuay a3, Uutiiing 18i5eusann Professor George P Smith (Nobel Prize
laureate 2018) waza1nfin1syausufuTindnisuein Osaka University 99nil1vsneasudn NhuMAb Liield
Tunywd WHIUN155U5999INANENTIUNNTOMSIAZET (Food and drug administration; FDA) lngl435 Stable
expression Tu CHO cells nsznstazineudslaadte recombinant 1gG NhuMAb Tagnis clone IgG genes U949
UYWHIIN Hybridoma cell Taau 19 waz 54 udannsiawt1d Plasmid DNA fiansnsa express recombinant IgG
T Mammalian cell (CHO cells) §anuin recombinant human 1gG (Inau 19 ua 54) fiasnsle ansoduds
Dengue virus Wa 4 serotypes L@t usiiaaufu NhuMAb 7 319370 Hybridoma cell (Sasaki et al, 2013;
Pitaksajjakul et al; 2014) wsianunsaldlunywdld auuasgiuves US. FDA lngldandvizuns 2 atu Auasesly
11 Uszne lng umivne1douding uay Osaka University sautJuitd199980n5Uns (1.Dengue-virus
serotype neutralizing antibodies  www.google.com/patents/WO2013035345A2,
2.Antigenic peptide derived from dengue virus www.google.com/patents/W02014064943A1)
fouiieWmue1dan1m NnuMADb Aiduds DENV Wa 4 serotypes Taglaineliiin ADE iuisedsly
4%19 Fc modified NhUMAD (370 NhuMAb Taaununean 19 way 54) Tagildeudau Fc v93 NnuMADb i
furuansn oxdlu L234A uag L235A (LALA) vinlwidau Fc 909 Fc modified NhuMADb laiduiiu effector cell
wazladth DENV wreliiinnisfiaide DENV unTu wazldnaaounuin Fc modified NnuMAb 19 wag Fc
modified NhuMADb 56 flansiu anansadudislada DENV wa 4 serotypes I¢ 90-100% NT Tnglslrelsfiin ADE

AAUDENV %3 4 serotypes lulag K562 (Ramadhani et al, 2015; Injampa et al, 2017)
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Biosciences liuidaysy Licensing fuuvinendoufing 1itet1 Fe-modified NhuMAb Taau 54 11gids
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1-3 UAWIUNITTUTBIRINAULNITUNITOIMITUALE Uag BONTIMUIBTININYY (iaumﬁamuﬁgmwfw%m
yiaday Auis 98 0y. Uszam 300 d1uuin) Fsnsfivisnenvsudadulansunit 300 druvindmaeld
fa13019NHANIIMIARBUNUTN Fe-modified NhuMADb Taau 54 wasilviaduds DENV 4 serotypes luny AG-
129 léigsian WorSeuiisudu candidate MAbs Buquasiindsoann ansgensdni uae glsu innaeunsoudu
wansliiudednen mnisasaeudveisnwilsaaninidelvenlidesnindnidelulssimaanigawsninse

glsliae
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naau llulaada woufvefuywdsnwilsaldidenoen waz lululaada wouAveAuywdsnwilsa
fidenseniilineliin ADE feldindunanuvesinidelneifvisnevuelngandsUssmaaula tnammu
HanenTInnlulssnu GMP asunegeuludnivaaes uaz amunaaeuselUlueiaiaias Clinical trial phase
1-3 QUAIKIUNITSUTBINANLNTIUNITOMNTUAZE Uy DONTIMELTInIdlvd (55U susndn
nAgay U ve 08, Uszana 350 d1uum) 49 uenanuminedenfinauazmiigausmansunsasls
HARDULVIUAINUTEVINAT Milestone payment (Uszunal 17.5 &1uu1) LazAn Royalty 4 % v8sueav1umal
Wunan 15 U eudgyayn $91 3,000 d1uuw (Uszanad 200 awum / U a1dleenung 5,000 81U 1ANT
weday 1 &1 dose 57A1 dose @ 5,000 UM 9nT WHO ‘1Jszmmmmﬂaﬁmu;ﬁﬂwﬁtﬁamaaﬂﬁaiaﬂﬁLLama
a1msthedendrsunsinuilulsmeviauszanalay 100 S1uau Muszinaiiewd 1 % vesiiedina1ife
1 & aulaagsnulagldendanmil) wazdadusdlosifuusamalngludumstamiuinnssanmnuide
diendd auulewie Thailand 4.0 wasiidiayiigade Iiaieendinndusndmivinulseliidensen 7
Tunngd fhelfidenseniteufesduauiidosniserdnulsnt fazteliiaelsaldidonsenlsifosdiiunis
Snwlulsmernadunaiuiu (1 - 2 eviindiduetnaten) Faztivanlddedundnmiiug vin TaTanA
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