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Candidates delivered in 2015

4 Advancing the science  
of eradication

T
o identify molecules that meet the 

Target Candidate Profiles (TCPs) 

(page 8) for next-generation medicines 

to support malaria eradication, MMV’s 

drug discovery team works with partners 

to screen compounds for activity against 

the various stages of the parasite lifecycle 

(Figure 2). 

To complement existing blood-stage 

assays, (which identify compounds 

to alleviate the symptoms of malaria), 

MMV and partners have developed 

new assays to screen for activity at 

other lifecycle stages. Notably, in 2014 

and 2015, high-throughput assays of 

liver stages (to test for chemoprotection 

capability) and gametocyte stages (to 

test for transmission-blocking capability) 

as well as assays of Plasmodium vivax 

liver stages (to test for anti-relapse 

activity) were established (pages 28-29).

Active compounds that meet the 

required criteria are then progressed to 

the ‘make–test’ cycle (Figure 2). Here 

they undergo rounds of synthesis and 

testing to determine whether they could 

become a drug candidate, suitable for 

further development.  

Since 2010, 17 drug candidates 

have been brought into preclinical 

development (13 are still active). Each 

one of these active candidates has 

the potential to form part of a next-

generation medicine to support malaria 

eradication. 

MMV drug discovery  
by numbers

44 pharmaceutical and 
academic partners

7 million compounds 
screened against 
the blood stages of 
Plasmodium falciparum 

25,000 chemical 
starting points identified 

19 assays developed 
or in development 
against the critical 
stages of the parasite 
lifecycle

17 drug candidates 
brought forward since 
2010

DSM421 
Preclinical

Target indication:  

Part of a single exposure radical cure and 

potential for chemoprophylaxis

TCPs: Asexual blood-stage activity and 

chemoprevention

Features:

• Favourable physicochemical properties

• Comparable ex-vivo activity on  

P. falciparum and P. vivax
MMV Project Director: Dr Emilie Rossignol

GSK692 
Preclinical

Target indication:  

Part of a single exposure radical cure and 

potential for chemoprophylaxis

TCPs: Asexual blood-stage activity 

Features:

• Predicted human dose < 500 mg

• Favourable physicochemical properties

• Extremely rapid parasite clearance 

• Inability to select resistant mutants

MMV Project Director: Dr Jörg Möhrle

Partner: GSK

AN13762 
Preclinical

Target indication:  

Part of a single exposure radical cure and 

potential for chemoprophylaxis

TCPs: Asexual blood-stage activity,  

transmission-blocking activity and chemo-

prevention

Features:

• Reduced human dose < 50 mg

• Favourable physicochemical properties

• Rapid parasite clearance 

• Potential for prophylaxis

MMV Project Director: Dr Cristina Donini

Partner: Anacor
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Research can be 

conducted with varying 

degrees of openness, as 

described in the margin. 

How would you define 

MMV’s approach to drug 

discovery? 

MMV’s approach is Open Innovation. 

At one end you have the ‘cathedral 

approach’ that is secret and siloed, at 

the other end everything is laid bare – 

information, compounds and biological 

tools. MMV’s approach lies between 

the two. Over the years we have built 

up a community that shares data and 

assays among a set (or subsets) of 

partners for a given project or projects. 

These Open Innovation projects are 

not transparent to the outside world, 

rather they operate within contractual 

‘bubbles’, with a semi-permeable 

membrane securing confidentiality.

What are the advantages of 

this approach?

Risk, cost and effort are shared among 

the partners. We delude ourselves if 

we think we are the best and only we 

can deliver. Through collaboration we 

can do so much more than we can 

alone. Since 2010, our collaborations 

have delivered 17 candidate molecules 

for malaria – this has created a strong 

pipeline, but it’s still not strong enough 

to deliver the medicines we need to 

defeat malaria. To achieve our mission, 

we continue to enlarge our partnership 

network and in turn the quality of 

compounds in the pipeline.

The confidentiality membrane allows 

for the key partner to generate 

intellectual property and file a patent. 

This potential can be a strong incentive 

for pharmaceutical partners to get 

involved, as well as allowing us and our 

partners to help guarantee the quality of 

the clinical trials and final product. New 

partners have access to all the valuable 

assays and expertise available, which 

helps minimize duplication. 

Are there any challenges?

Open innovation can only function 

with an extremely competent business 

development and legal group. 

They need to be extremely flexible 

to induce partners to join but also 

sufficiently uncompromising, in terms 

of accountability and alignment with 

MMV’s mission, to develop affordable 

medicines for vulnerable populations. 

At MMV we are fortunate to have that.

Also, as we rely on donor funds we 

set annual budgets which means if a 

project doesn’t make the grade we 

must be ruthless and terminate it.

In response to various challenges, 

variations of the open model are being 

tried and tested. In one example, 

working with Dr Mat Todd at the 

University of Sydney in Australia, we 

have completely broken the membrane 

and made everything open.

How does this open source 

initiative work and what 

have you learnt so far?

Essentially, everything related to the 

project is in the public domain, such 

that anyone anywhere can follow and 

contribute. The idea is that it will work 

by ‘natural selection’ – anyone can 

take what’s there and over time there 

will be evolution, in this case, delivery. 

We have learnt that there is a huge 

amount of goodwill and so intellectual 

input, but fundamentally money and 

resources are still rate limiting. If people 

don’t make compounds you get stuck. 

We believe in open source – but it 

needs to be resourced. Intention is 

also critical. You need to be clear on 

what you are setting out to achieve and 

direct the project accordingly.  

Opening up malaria drug discovery

Open Science: 

Deposition of 

data in the public 

domain. 

Open Access: 

Data, compounds, 

publications etc. 

made available 

to maximize their 

possible use 

across diseases.

 

Open 

Innovation:  

Two or more 

partners share 

data within a 

‘walled garden’ 

with the intention 

to deliver a 

product. 

Open Source:  

All project data 

and structures are 

laid bare and the 

wider community 

is invited to fully 

engage and offer 

support e.g. 

advice, synthesis, 

testing and in-

kind technology.

 

To drive the elimination and eradication of malaria, 

there is an urgent need for novel compounds, 

active against the various stages of the malaria 

parasite lifecycle, to be discovered and developed.

To make the discovery and progression of 

exciting compounds more efficient, rapid and 

cost effective, MMV has pioneered new, more 

open and collaborative ways of working. 

ISSUE ACTION BY MMV AND 
PARTNERS

Dr Jeremy Burrows, Vice President, 

Head of Drug Discovery, MMV, 

explains MMV’s open approach to 

drug discovery. 

Q.

Q.

Q.

Q.
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Open access initiatives to catalyse drug discovery

Following the release into the public 

domain of data on 20,000 compounds 

active against malaria, there was a need 

for scientists to access the physical 

compounds with which to initiate drug 

discovery programmes. 

MMV launched the Malaria Box in 2011 

and the Pathogen Box in 2015.

ISSUE ACTION
More than 250 

Malaria Boxes and 

70 Pathogen Boxes 

dispatched since 

launch in 2011 and 

2015, respectively

35 papers published 

describing Malaria Box 

screening results

Researchers screening 

the Malaria Box found 

hits against 16 different 

protozoa, 7 helminths,  

9 bacterial and 

mycobacterial species, 

the dengue fever 

mosquito vector and 

human cancer  

cell lines

Wellcome Pathfinder 

grants of USD 100,000 

each awarded to 

Prof. Chris Huston, 

University of Vermont, 

and Prof. Robin 

Gasser, University 

of Melbourne, for 

research on Malaria 

Box compounds 

active against 

cryptosporidiosis 

and parasitic worms, 

respectively 

Dr Fabrice Boyom is investigating natural products for the treatment of human, animal, and/or plant 

diseases. To help fuel his research he received MMV’s Open Access Malaria Box, a Malaria Box 

Challenge Grant and recently the Pathogen Box. Dr Boyom explains how he and his team have 

been using these resources. 

What was your initial 

reaction when you heard 

about the Malaria Box 

initiative? 

Wow! This is a real opportunity to have 

compounds to work on. As in other 

poorer countries in the world, the 

discovery of new drugs for parasitic 

infections in Cameroon is hampered 

by the lack of resources devoted to 

drug discovery. It is not easy to purify 

effective compounds from plants. It’s 

a long and demanding process. The 

Malaria Box provided a wonderful 

opportunity to research compounds 

that you know work.

How are you using the 

compounds? What did your 

research reveal?

The compounds are being screened 

against Toxoplasma gondii and 

Entamoeba histolytica, but also against 

pathogenic yeasts and bacteria. As 

a result, we identified seven anti-

Toxoplasma gondii hits, as well as 

two moderately active compounds 

against E. histolytica. Also, two 

compounds showed highly potent 

activity against various Candida spp. 

and Cryptococcus neoformans (one 

of which is the already known Crystal 

violet). We are now optimizing two of 

the compounds. 

You have also recently 

requested the Pathogen 

Box. How will you use the 

compounds?

The Pathogen Box is another great 

opportunity to expand our research and 

continue the work we are doing. We 

will also screen the compounds against 

Mycobacterium ulcerans (the causative 

agent of Buruli ulcer) and eventually 

against pathogenic yeasts such as 

Cryptococcus neoformans. 

It’s exciting to be involved in science to 

save lives. Through these open access 

initiatives and grants, we have not only 

been able to continue our research but I 

have also been able to train my students, 

who can then continue the work in 

Africa. I’m very grateful for the guidance 

from MMV and I’m looking forward to 

continuing this work in the future. 

Q.

Q.

Q.

Dr Fabrice Boyom

Researcher at 

the University 

of Yaoundé 1, 

Cameroon

1 Ascariasis, Buruli 
ulcer, Chagas disease, 
Cryptosporidiosis, 
Hookworm, Human 
African trypanosomiasis 
(sleeping sickness), 
Visceral & cutaneous 
leishmaniasis, 
Lymphatic filariasis, 
Malaria, Onchocerciasis 
(river blindness), 
Schistosomiasis, 
Trichuriasis and 
Tuberculosis.

 T
he Open Access Malaria Box contains 400 diverse molecules, representative of the original 

20,000 set and active against blood stage Plasmodium falciparum malaria. The box was made 

available to researchers for free on request. Based on the success of the Malaria Box, MMV was 

awarded a grant from the Bill & Melinda Gates Foundation for a follow-on project, the Pathogen 

Box. This box also contains 400 molecules for distribution to scientists for free on request, but this 

time with activity not just against malaria, but also against one of a range of neglected diseases.1



4  |  Advancing the science of eradication

28

H
istorically, basic research on P. vivax has lagged behind that for Plasmodium falciparum. This is partly because P. falciparum was 

considered the more deadly of the two and because P. vivax parasites were difficult to access and to work with. Even today the technical 

challenge is great; the blood-stage parasites still can’t be maintained in continuous culture. 

Nevertheless, the discovery and development of anti-relapse molecules has always been a key research and development (R&D) focus for MMV. 

For example, over the years, investments have been made in testing new clinical candidates, developing tafenoquine with GlaxoSmithKline 

(GSK) and developing new clinical models in collaboration with the Indonesian army. Up to now, the major advances in cell biology have been 

made through Wellcome Trust co-funded collaborations with the Dutch Primate Centre, and Novartis-led discovery projects. Over the last year 

we have seen a significant change in the assays coming through, thanks to a continued effort on the part of our collaborators, complemented 

by new funding from the Bill & Melinda Gates Foundation to establish a P. vivax Malaria Consortium. 

New models to discover new molecules  
against the relapse

The relapse of Plasmodium vivax malaria contributes  

to a significant burden of disease – an estimated  

70–80 million clinical infections every year. Only two anti-

relapse medicines exist (primaquine, which is available, 

and tafenoquine, which is in development, pages 22-23) 

and both are associated with side-effects in patients who 

have a certain genetically determined enzyme (G6PD) 

deficiency.

Develop and employ new models to discover new 

molecules that are active against the dormant liver stage 

of P. vivax malaria.

ISSUE ACTION BY MMV AND PARTNERS

How does the assay 

work and what are its 

advantages?  

The assay allows us to see the impact 

of various test compounds on small 

and large liver P. vivax forms. We 

culture the human liver cell line in an 

8-well plate and then add P. vivax 

sporozoites (the liver-infective stages 

of the parasite) into each well a day 

later. We then add the test compounds 

to the cultures in triplicate at a range 

of concentrations. Six days later, we 

count the small and large parasite 

forms (believed to be hypnozoites 

and schizonts, respectively) take the 

average and compare them with the 

control wells. 

Our system is in vitro and uses the 

human liver cell line, which means we 

can handle many more compounds 

and concentrations at the same time. 

As we use the same cell line, the 

findings are more robust, compared 

to a humanized mouse model, for 

example. 

We have been working with 96-well 

plates, but are now moving to 384-

well plates, which will then enable us 

to screen yet more compounds in one 

go. With this assay, depending on the 

stage at which we add the compound, 

we can look at either the effect of the 

compound on the development of 

small and large forms (potential for 

chemoprevention) or the effect on 

fully developed forms (potential for 

radical cure – killing of hypnozoites and 

relapse prevention).

How many compounds 

have you been able to 

screen and what have you 

found so far?

We finished screening the first 

25 compounds from MMV in the 

chemoprevention model and are in 

the process of testing 100 more. We 

have found some molecules with very 

good potential. Next, we will screen the 

Pathogen Box compounds (page  27). 

Our goal for the year is to validate 

the 96-well plate, initiate the 384-well 

plate format and screen up to 1,000 

compounds.

What has it been like to 

work with MMV and the 

Gates’ P. vivax Malaria 

Consortium?

The project is managed with an 

industry-style approach so the 

timelines are tight which can be 

challenging, but I do enjoy it. I enjoy 

understanding the different research 

perspectives and because the funding 

is stable we can progress smoothly. If 

just one molecule screened from our 

system ultimately treats people it will 

be a goal fulfilled.  

Dr Jetsumon 

Sattabongkot 

Prachumsri

Head of the 

Mahidol Vivax 

Research Unit, 

Thailand

In 2014, a team of researchers from Mahidol University, Thailand, was able to establish a P. vivax ‘hypnozoite’ cell-based in vitro assay to 

screen up to 1,000 compounds a year. Dr Jetsumon Sattabongkot Prachumsri talks about the assay, what it has told us so far and what 

it’s like to work with the Consortium.

Q.

Q. Q.

100x P. vivax liver stage development 

in vitro day 7 post sporozoite infection 
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How is your work to 

establish a P. vivax 

‘hypnozoite’ cell-based  

in vitro assay progressing? 

It’s really exciting, we’ve had several 

breakthroughs in the last couple of 

years. We are now able to culture 

primary human hepatocytes for 

more than 4 weeks, infect them 

with sporozoites and get parasite 

development all the way to invading 

reticulocytes.

All of this has now been achieved in a 

384-well plate format with which we 

can attempt high-throughput screening 

for the first time. We have begun by 

screening 27 of MMV’s compounds 

several times to help refine the assay. 

We expect to screen at least 1,000 

compounds this year for MMV. 

What are the advantages of 

this assay?

Because we can maintain the primary 

human hepatocytes in culture for 

more than 4 weeks, we can routinely 

do radical cure screens and assess 

hypnozoite activity from days 5–9 post-

sporozoite invasion. We can also look 

for relapse in vitro from as early as day 21 

and as late as days 33–35.

We have found that human hepatocytes 

prefer to be confined in a 3D space. 

So by optimizing the ‘microfeature’ 

design at the bottom of each well we 

can promote optimal development of 

hepatocytes and the parasite. As this 

is all conducted in a 384-well format 

our screening is both high-content and 

high-throughput.

What has it been like to 

work with MMV and the 

Gates’ P. vivax Malaria 

Consortium?

It’s a good example of how sharing 

information early can be very helpful. 

It’s a high-risk project so working 

individually through independent 

grant systems would not have been 

successful. Although, in a sense, the 

groups are competitors, we routinely 

share information through interactions 

in the Consortium. When we have 

something that does or doesn’t work, 

we inform the other groups and vice 

versa. It works very well – for example, 

we got confirmation of what the 

hypnozoite looks like in two different  

in vitro models and a mouse model. It’s an 

example of how the Gates’ Consortium 

model can work to solve big problems. 

Working with other members of the 

Consortium has been critical. The 

biggest challenge is getting access to 

the sporozoites so that we can actually 

do the assays. We are grateful for the 

contributions of Jetsumon Prachumsri, 

Chiara Andolini and Francois Nosten 

in the field in Thailand who provide us 

with infected mosquitoes.

MMV was involved right from the 

beginning as advisors and contributors 

to all the discussions. They are the 

leader in the field of malaria drug 

discovery. Being able to access all the 

different compounds and test systems 

in their network was invaluable in 

refining and validating our assay. We 

hope they can now reap the rewards 

by using the models to find the next 

drug to kill the hypnozoite.  

Prof. Dennis Kyle

Distinguished 

University Health 

Professor, 

University of 

South Florida, 

USA

In 2015, a second team of researchers was also able to establish a P. vivax ‘hypnozoite’ cell-based in vitro assay. Prof. Dennis Kyle 

explains the progress, the advantages of their assay and what it’s been like working with the Consortium.

Q.

Q.

Q.
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MMV
Project of 
the Year 

2015

GSK692 – a novel compound 
steadfast in the face of resistance

The team at GSK, 

Tres Cantos, Spain

GSK692 is an antimalarial 

compound with a novel mode of action 

which enables it to kill the malaria 

parasite quickly. Its overall properties 

indicate it could form part of a single- 

dose cure and it has a low propensity 

to generate resistance in laboratory 

studies as well as activity against current 

drug-resistant strains – key attributes 

for a next-generation antimalarial. In 

recognition of this, the GSK692 project 

team has won MMV’s 2015 Project of 

the Year award and MMV’s External 

Scientific Advisory Committee (ESAC) 

has approved the compound as a 

clinical candidate for further research. 

GlaxoSmithKline (GSK) and MMV 

have worked in a productive and open 

collaboration on malaria drug discovery 

for several years. GSK’s facility at Tres 

Cantos in Spain houses one of MMV’s 

centres of excellence for screening and 

testing new compounds in biological 

assays, transmission-blocking models 

and parasite-killing studies. It is 

expected that further clinical candidates 

will emerge from the MMV/GSK 

collaboration in the future – following in 

the footsteps of GSK692. 

Its fast mode of  

action could make it  

a suitable replacement 

for artemisinin, the 

current gold standard

treatment.”

“



31

What is special about 

GSK692?

LS: GSK692 is special because it 

combines a number of desirable 

properties for an antimalarial. It targets 

blood-stage activity of the Plasmodium 

falciparum and Plasmodium vivax 

parasites. It provides a rapid response 

when tested in vivo in laboratory 

models of malaria. Importantly, this 

is complemented by a rapid in vitro 

response. The molecule also displays 

an extremely low propensity to select 

for resistance in vitro, hence, we predict 

a low rate of selection for resistance in 

the field. Its fast mode of action could 

make it a suitable replacement for 

artemisinin, the current gold standard 

treatment. Also, GSK692 is not 

structurally related to artemisinin and 

has a unique mode of action, which 

is of paramount importance when 

developing effective, novel combination 

treatments for a disease that has a 

history of developing drug resistance. 

How was the compound 

discovered?  

LS: The molecule was identified in 

collaboration with MMV through a 

programme which screened the entire 

GSK corporate compound collection 

against malaria at Tres Cantos in 

Spain in 2010. This programme led 

to the identification of what we call 

the ChEMBL TCAMS (Tres Cantos 

Antimalarial Set). The results were 

published in Nature1 in 2010 and made 

publicly available to the global drug 

discovery community.

The next step was to triage the active 

compounds, using innovative tools 

such as assays, to determine speed 

of killing and transmission-blocking 

potential as well as GSK’s rigorous 

quality criteria. Ferrer, a pharmaceutical 

company based in Barcelona, then 

joined the team working with GSK 

and MMV to further improve the series 

until 2013 when they stopped their 

malaria research activities. The joint 

programme focused on improving the 

molecules’ developability properties, 

like solubility and physicochemical 

properties. GSK692 emerged as the 

best molecule.

What are the next steps for 

the project?

PW: As GSK692 has now been 

approved as a clinical candidate by 

the ESAC, the next step is to prepare 

a larger quantity of the compound for 

regulatory studies, which will determine 

whether it is safe to progress to clinical 

trials. The plan would then be to 

start a phase I clinical trial looking at 

tolerability and pharmacokinetics in 

human volunteers and studies in the 

controlled human malaria infection 

model (page 18) to explore efficacy.

What value has MMV 

added to the project as a 

partner?

LS: MMV provides overall guidance 

based on its extensive experience in 

the discovery and development of 

antimalarial molecules. Specifically, 

MMV has been fundamental in the 

final profiling of the molecule’s activity 

against the various stages of the 

parasite’s lifecycle by providing access 

to critical biological assays through its 

established network of collaborators. 

MMV’s Project Director Paul Willis 

and other MMV staff members act 

as consultants. Their support and 

guidance has helped us overcome 

the challenges that arose during the 

project’s progress. The consistent 

level of open communication in 

this partnership has significantly 

contributed to the success of the 

project and the molecule’s selection as 

a potential new medicine.

Why does the collaboration 

between MMV and GSK 

work so well? What does 

GSK bring to malaria drug 

discovery?

PW: There has been an excellent 

collaborative atmosphere – both 

sides respect and value each other’s 

contributions. It means we can discuss 

the science in an open and transparent 

manner. In addition to the drug 

discovery projects, GSK houses one 

of our screening centers of excellence 

at Tres Cantos. They run several key 

biological assays for malaria, providing 

data on efficacy, transmission-blocking 

potential and the rate of killing of the 

malaria parasite for all projects in the 

MMV drug discovery portfolio. Their 

broad malaria expertise and drug 

discovery knowledge makes for a really 

powerful, promising and beneficial 

collaboration. To illustrate this, GSK 

also had another candidate – GSK030 

– approved last year and there are 

several promising new projects in the 

portfolio which we hope will deliver 

exciting new drug candidates in the 

future.  

Dr Paul Willis

Director, Drug 

Discovery, MMV

Dr Laura Sanz

Tres Cantos 

Medicine 

Development 

Campus, 

GlaxoSmithKline, 

Spain

Dr Paul Willis and Dr Laura Sanz talk about the award, the compound and the collaboration.

1 Gamo FJ et al. 
“Thousands of chemical 
starting points for 
antimalarial lead 
identification.” Nature. 
20;465(7296):305-10 
(2010).
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