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Needs in health care for
developing countries

 Improving universal health care

e Care for aging and disadvantaged population

e Care for newborns, children and women

e Managing emerging and diseases of the
(malaria, TB, AIDS, Dengue, etc.)

e Ability in producing medicines and healt
products
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BIOTEC's drug discovery program

for infectious diseases of poverty — MALARIA MODEL

S
BIC)TEC~l

a member of NSTDA

© MALARIA A TLAS PROJECT

50% of world’s population at risk
~214 million new malaria cases

438,000 deaths
A child dies every 2 minutes of malaria (WHO, 2015
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Confirmed Malaria Cases and Deaths (FY 2000-2015)
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Hot Spots for Drug Resistant Parasites

Sulfadoxine 7 Areas with reduced efficacy using
Pyrimethamine Artemisinin Combination Therapy (ACT)
BIDTECﬁ‘I WHO 2014, Status Report on artemisinin resistance. aljnu ﬁl

bt TR Dondorp AM, et al. (2010) Nature Rev Microbiol 8, 272-280. NSI_DQ



Two major drug types

 Small molecules, molecular weight <1,000.

— Mostly compounds from synthesis or natural
products.

— Work by binding with biological targets

 Biomolecules, molecular weight >10,000.
— Mostly proteins from cloning

— Work as substitutes for natural molecules (insulin,
erythropoietin, etc.), boosting immune system
(vaccines) or by killing pathogens, cancer cells,

etc.
— “Biotech” drugs
B_IDTECQIB ° SN Y
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Discovery as part of product R&D process

[ Biology/genomics
Target identification
Target validation

Hit(s)
Discavery Validated/quality lead

Value
Msiy

—— Optimized candidate drug

Entry into humans

Registered drug

Adapted from R. G. Ridley



allrmeyt by L comemeds Sosinngial L

rupvhigrialer? in vollpias Wl s cllve delond oo figiat maf

b i cupnkife! Ao proileal Bl mocidlpe g ool desian el deimi i esl

Ladram

Sl 1 peripreialis wnche ommll N RETLE @R 8F R

Arilrnlini Jolen re peniai, eagie g qund ab il

wreiilacts bisdod - wires diotd aed dxpliaabo. Mame dnin ipsem i volpias

af aapevmiin sl odt sul fon? sl guid cannglusTer moasn dil fo8 gal Sl

f ol Mgl porss godngiom dal qui dolovem gaun gog

amel. v 3 i, e gl e Pmgme il modl (imeperd ictdnl

Labor of diloved smageam sbgiom gaueral wdotoken, D aofm ol svisions winkae, gy

ATHrEE iarciaiondm sl compors s bborasan, nisd of afigicdee as commed

i sl vl oum dver reprehendindl qui b oo valplane sl o i

vt i cosaquaniy el AT gud sk ke inam bl g vidspdas el (T

Frof. L-:-mmlpuum

Tre Mathodlst Hospltal Ressarch iretiute, USA

i diior A el O -||.-.1'..|u-4..|. tideky i Aol udh stk _m.u..rw- T ine |J..I:|.r|'

o figpiaf amils par et
i’ ool ol el wem e

Frof. Lenam [psam
Habraw Univarsty of Jorusalam, sl

Sed uit perspl clatls unds cmnks iste nabs amor st vokptaiemacoesaniumdaloamague
& arium, iotam rem apadam, saqus ipsa quas ab o imranbors werkatis of quasi
archiscts begtsa vEIe dida wunt Splicaba. Mama snim psam vokptslam quis
woluptas st aspernatur aut od i Gt fudg, sed guls corsegaumur magni dolones sas gul
ratiora voluplabem saga rexdunt. Maguspone gubguam ast, qul delorem lpsum quls
dolor sk amat, comsactatug sdplecl valk, sed guia non ramquam sle modl tempors
Inckdunt ut abore ek dokona maanam Adiquam guaat wiuptztem. L anim ad minima
wantam, quis rasinam s rcizionsm Wlam corpork e dpk boresam, sl ut aliquid
A% Eacammodl oo quatr.

Cartes Cahrera 15 5ed b persplolads unds omnls Ete nabs amor
it woluptatam acosantium dokramqus Bodantom, tokem em
aparam, caqua lpsa quaa ab 1o Iresnion varitzt kot gual archkacs
baatas v e dicta sunt axplicabo. Memo anim ipsamyolptasm gus
weluptas st apamatr aut odk 3 fugh, sad quia coreaquunbr
e | dovlo s 9 o gl ek lon e veluptrtemizegul nesdonk . Megque poma
qubgEm &, qui dolorem Ipsum qub dolor sk amat, mnssctehur,
adipiscl valk, sad guis ron numgURT sl med tempora noddunk 1 Gbona &6 dofoms
megram alkquam quasrat voliplaters L anim ad minimavenizm.

Wk
IFBI-'I"I-II i- l-':l.i-'lb-['

1E|= PAN STANFORD PUBLISHING |IJ||I I|I |I|||
HIFAR

I [ [ serpign e Dbl ferm

LEE]

BI0TEC

a member of NSTDA

BL

utdd

iTe
==
o
-
'—l
(g}
E
gk
a
L
-
-
et
0,
g
=~
s
g
r
on

buoneyny

Tapping Molecular
Wilderness

Drug Development at the Interface of Chemistry,
Binlogy, and Biodiversity
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Research questions

e What causes drug resistance?
— Target changes (number, binding strength), drug
breakdown, drug efflux, drug inactivation etc.

e What changes occur (at the molecular level) in the
parasite enzymes/receptors that led to resistance?

— Are there new essential proteins in malaria to exploit as
drug target?

e Can we design new drugs that can overcome the

resistance? @12\ 1SINEAY

— Can we improve methods for compound screening?

e Can we identify new drug targets to be used in
rational design/random screening? EIISIREIE

sioTeECY ahng Y
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Mechanisms of drug resistance

2. Target amplification

6. Alternate metabolic pathway

P ;‘ . Q L C 3. Drug inacti:ationfdestructinn
o
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1. Target alteration '

5. Increased drug efflux 4. Decreased drug uptake



DHFR is a moving target
Drugs must be guided arrows

Phe162
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Malaria Drug Discovery Research
(BIOTEC)

 Why DHFR?

— Essential for parasite survival & known target for pyrimethamine
— Mutations in DHFR results in antifolate resistance
* Research interests
— Rational design of anti-malaria inhibitors against PfDHFR
— Synthesis and screening of PfDHFR inhibitors
— Validate new targets for development of new class of inhibitor
e Research goals
— To obtain lead compounds based on rational design effective against

wild-type and resistant parasites
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P218 development pipeline — New Compound Entity (NCE)

Target structure Exploratory pre-
2003 clinical
evaluation .
Compound design 2008-2009 Regulatory FIH trial
and synthesis pre-lclm_lcal ~Sep
2004-2007 evaluation 2016
2014
Discovery Phase Clinical Phase

Registration

| |
Basic Researcl>arly Discove}vad Identification
Y =

J
|
BIOTEC/NSTDA BIOTEC/NSTDA P218 R&D
MMV *BIOTEC/NSTDA
LSTMH MMV
Melbourne University
Medicines for Malaria Venture NS'-DQ
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P. Chitnumsub

N \\ﬁ’ J. Yuvaniyama

P. falciparum DHFR-TS (Yuvaniyama et al., Nature Struct. Biol. 2003, 10, 357-365)

o] g Y
BI0TEC NSTDA



BIC)TECj

a member

Lys49 DA A,

Active ite



%

T. Vilaivan B. Tarnchompoo C. Thongphanchang U. Arwon
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Design, synthesis and testing of DHFR inhibitors
Approximately 1000 molecules were designed, synthesized
and tested for target affinity and antimalarial activity

Template for effective inhibitors.

\
H-bonds with backbone of P
lle164, lle14, affected by
lle164Leu

~ NH, dl
Excluded volume
for Ser108Asn
Rigid
\ _ Flexible _
\\\ o Aromatic, hydrophobic
\\ """" “+——— Hydrophobic

<= Excluded volume for Ala16Val

H-bonds with Aspss, affected by

B'DTECj\I Asnsille, CysssArg on same helix ajnu 2

a member of NSTDA



Yuthavong Y, et. al.(2012) PNAS, 109(42):16823-16828

NH, cl NH, Cl
O o]
N7 N(’I\N"’ N
| ey
HQN)\N/ HN” SN i cl
Cl
Pyrimethamine WR99210
NH, Cl l\|IH2 o
| - | ~
HZNJ\N Cl HzN)\N HCI
pes  © P218
Pyrimethamine WR99210 * P65 * P218
Biological activity
K; quadruple mutant P. falciparum DHFR (nM) £ SD 385 + 163 19+08 5.59 0.1 0.54 +0.12
IC5q wild-type P. falciparum (TM4) (nM) +SD 58 + 33 0.57 + 0.1 229 + 68 46 +19
ICso quadruple mutant P falciparum (V1/S) (nM) £ SD >100,000 1812 3,490 £ 1,610 56 + 20
Oral EDg P, chabaudi (mg/kg) * 1.1 74.22 1.53 0.75
] MMV@®O: Y
BlC)-I-EC~l Medicines for Malaria Venture ajnu j

a member of NSTDA
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X-ray Structure of |
P218 in Pf DHFR and Hs DHFR / \ i

P. Chithumsub J. Vanichtanankul

Different binding conformation of P218 in Pf DHFR-
OM and Hs DHFR

Hs vs Pf: DHFR/P218

P218-HsDHFR
{PDB id: 4DDR)

Folate—-HsDHFR
(PDB id: 2W3M)

Pf DHFR-P218 vs Hs DHFR-P218 Hs DHFR-P218 vs Hs DHFR-DHF

(Vanichtanakul, unpublished)
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Time dependence inhibition of DHFR by P218
P218 PIDHFR-WT P218 PMDHFR-QM P218 HSDHFR
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P218-PfDHFR = Tight binding — slow release; P218-hDHFR = competitive binding

upannee Taweechai ,
Sumalee Kamchonwongpaisan
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MMV/BIOTEC DHFR team

* MMV-funded project : NSTDA/BIOTEC (Thailand), LSTMH (UK),
Monash University (Australia)

* Excellent malaria enzyme inhibition

* Specific, tight binding with targets from both sensitive and
resistant parasites.

* Poor binding with human enzyme.

* A subsequent slow, tighter binding found - target still
inhibited even after blood level is depleted.

* Potency against blood stage, liver stage infection, and
transmission stage

* Efficacy across broad range of multi-drug resistant P.
falciparum isolates

.l Y 1Ok ol =Lk
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Summary of P218 properties

* PK Properties:
e Rapid absorption and moderate half-lives (7.3 hours)
e Good oral bioavailability across all species (30-60%)
* Preliminary toxicity
* Negative genotoxicity and minimal cytotoxicity

e Reversible Gl toxicity in rodent and canine model
e Rat: NOAEL at 100 mg/kg/d

* No formulation Issues expected

?mlbg,\:,l;ec Medicines for Malaria Venture NSI-DQ



Global Portfolio of Antimalarial Medicines

Research

optimization

DHODH
UTSW/UW/Monash

Open Source Drug
Discovery
Univ. Sydney

Heterocycles
uct

Diversity Oriented
Synthesis
Broad/Eisai

dUTPase
Inhibitors
Medivir

Imidazolidine
diones
WRAIR

Pf NDH2
Imperial College
London

1 project
Novartis

2 projects
GSK

Tetraoxanes
LSTM/Liverpool

Whole cell
St Jude/Rutgers/USF

Heterocycles
Celgene

Pf NMT
Imperial College
London

Pantothenamides
TroplQ/Pansynt
Tl Pharma

Translational

Human

Preclinical volunteers

P218
(Biotec)

SJ733
St Jude/Eisai

DDD498
Merck Serono
(Univ. Dundee)

PA92
(Drexel/UW/GNF)

MMV253
(AstraZeneca)

GSK030
GSK

DSM421
(uTsw/uw/
Monash)

AN13762
Anacor

NPC1161B
Mississippi

JPC2997

Jacobus

MK4815
Merck

MMV048
A UcT/Tl

ACT840
Actelio
*
% CDRI 9778
é Ipca

&N tert butyl

s, Isoquin
A5 LsT™M/A

098 08 98 @

Footnotes: Brand names 1: Coartem® Dispersible; 2: Artesun®; 3: Euratesim®; 4: Pyramax®; 5: Coarsucam™ ASAQ/Winthrop®;
6: SPAQ-CO™

Access

Post approval

Product development

Patient Patient Regulatory
exploratory confirmatory review

0z439/PQP T i Rect: *
Sanofi \ Cipl

Arterolane/PQP

Artemether-

0z439/FQ Dihydroartemisinin

Sanofi

KAE609

Novartis

KAF156
Novartis 24
i é

DSM265
Takeda
I

Fosmidomycin
Piperaquine
Jomaa Pharma/GmbH

Methylene
Blue/AQ
Heidelberg

SAR97276
Sanofi [
il

Artemisone
UHKST

AQ13
Immtech

DF02
Dilafor

00

Medicines for Malaria Venture



Team for drug development

Project
managers

Biochemistry

Discovery

ADME/PK

Business Dev.
Toxicology

Quality / GMP

Clinical
Pharmacology

Legal

Medical

Director
Chemistry

. Clinical Trials
Formulation

) )
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Team for drug development

Poor or not existing

Some capability
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Conclusion and Suggestion

* Developing countries in Asia-Pacific have
potentials to develop modern pharmaceuticals,
both for own use and for export markets

e However, many countries are still weak in many
critical areas, such as pre-clinical stage
development and coordinated clinical trials

 Co-operation among the private and public
sectors across countries can help to enhance
capability in pharmaceutical R&D production.

2 SHng Y
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Asia-Pacific developing countries
in transition

 From looking for help from outside

* To helping ourselves and helping others
to help themselves

 Health care, with capability in
pharmaceutical R&D and production,
should be the main example

sioTecC! E"-Jntig



Protein-Ligand Engineering and Molecular Biology Laboratory

Back row : Darin Kongkasuriyachai , Yongyuth Yuthavong , Uthai Arwon , Thaveechai Vachirayonstien
Pongpisid Koonyosying , Sasithorn Decharuangsilp , Bongkoch Tarnchompoo , Philip Shaw , Chairat
Uthaipibull , Supannee Thaweechai , Mayurachat Poopha , Jutharat Peng -on, Yuwadee Talawanich ,
Ratchanu Boonyong , Jarunee Vanichtanankul , Parichat Prommana , Aiyada Aroonsri

Front row : SumMalee Kamchonwongpaisan , Warangkhana Songsungthong ., Chayaphat Wongsombut
Roonglawan Rattanajak , Wanisa Koommuang , Nattida Suwanakitti , Tana Taechalertpaisarn ,
Thiprumpai Thammamongkut , Apisit Yoomuang , Navaporn Posayapisit
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