WORLD DISTRIBUTION OF MALARIA AND AREAS OF DRUG RESISTANCE
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Malaria is a major public health problem in more than 90 countries, inhabited
by more than 2.4 billion people - 40% of the world’s population

3 to 5 million clinical cases of malaria per year

Estimated to kill a child every 30 seconds and to cause up to 600 million
new infections worldwide annually

Over a million deaths, and over 95 percent of those deaths are in Africa,
mainly children under 5

Clearly an urgent medical need, but there is no competitive industrial R&D

Malaria market won't support the level of revenues needed to recapture
expenses before patent expiry

Malaria market is a couple of hundred million USD, 1 or 2 products per
decade

Compare with anti-bacterial market - 16 billion USD -3 new products a year




Genus -
The four malaria species that produce human disease

Plasmodium vivax

— Most lethal and prevalent
Plasmodium malariae and

Plasmodium ovale
Plasmodium Knowlesi — Primates
Plasmodium chaubadi — Rodent




Sir Ronald Ross Discovered That Mosquitoes Transmit Malaria
Parasites (1897-1898) - awarded Nobel Prize in 1902
Mosquitoe — genus




Sporozoites: enters hepatocytes of liver
Schizonts: dividing forms of liver stages
Merozoites: are released by hepatocytes
Hypnozoites: resting liver stages

Merozoites: enter erythrocytes

Immature Trophozoites: Ring Stage

Trophozoites: feeding and growing stages in red cells
Schizonts: multinuclear stages in red cells
Gametocytes: sexual blood stages




2700 BCE - Characteristic symptoms described in Nei Ching (The Canon
of Medicine) edited by Chinese emperor Huang Ti

4™ century BCE- In Greece, Hippocrates noted the symptoms

6t Century BCE -Sushruta, a Sanskrit medical treatise -symptoms of
malarial fever were described and attributed to the bites of certain insects

2"d century BCE- In China, the Qinghao plant (Artemisia annua L) was
desctr)ibed In the medical treatise, 52 Remedies, found in the Mawangdui
Tom

340 CE - the anti-fever properties of Qinghao were first described by Ge
Hong of the East Yin Dynasty. The active ingredient of Qinghao was
Isolated by Chinese scientists in 1971

Named Artemisinin, it is today a very potent and effective antimalarial
drug, especially in combination with other medicines.




Spanish Jesuit missionaries in South America learned of
a medicinal bark from indigenous Indian tribes

Countess of Chinchon, the wife of the Viceroy of Peru,
was cured of her fever. The bark from the tree was then
called Peruvian bark and the tree was named Cinchona
after the countess

IS one of the most
effective antimalarial drugs available today

(Resochin) (1934, 1946) German, Hans
Andersag, in 1934 at Bayer |.G




Artemisinin-bhasdaonorhimaatnn
therapy (ACT)

Advantages
rapid significant reduction of parasite biomass
rapid resolution of clinical symptoms
effective against multidrug resistant P.falciparum
reduction of gametocyte carriage- reducing transmission
no reported cases of resistant to artemisinin (2004)
Disadvantages:

Artemisinin drugs have a very short half-life - multiple dose
regimen of 7days is required

Price and Availability (Supply)
Current therapy — AAhtppangdessEianee

Artemisinin derivatives in combination with other
antimalarial drugs




Malaria: Drugs and Resistance

Quinine
introduced in 1632
1st case of resistance: 1910

Chloroquine
introduced in 1945
1st case of resistance: 1957

Proguanil
introduced in 1948
1st case of resistance: 1949

Sulfadoxine - Pyrimethamine
introduced in 1967
1st case of resistance: 1967

Mefloquine
introduced in 1977
1st case of resistance: 1982

Atovaquone
introduced in 1996
1st case of resistance: 1996




Artimisnin and its derivatives:

The peroxide bridge plays an essential role
Opens up in the plasmodium

liberating singlet oxygen and

forms a free radical,

both being strong cytotoxins

Inhibiton obfppobeanssytiiessss

- the basic mechanism of action

Inferred from morphologic changes in
ribosomes & in the endoplasmatic reticulum.

Also changes in the nucleolar mesnfinearecasuadnniicatiooaidiza
Inhibits vacuolar proteases involved in Hemoglobin degradation




Uptake of host derived haemoglobin in essential
for survival

Hemoglobin — 2 a and 2 b chains with hme




Hemoglobinsgeass peptides + Ferrous Heme—sx5* Ferric Heme
Ferric Heme :Toxic - membrane damage & Inhibits Proteases
Detoxification: Ferric heme polymerized into Hemozoin

Hemozoin : Insoluble, Unreactive Crystalline Polymer
“Pigment”

Heme polymerization : Enzymatic (Heme polymerase)

Non-enzymatic and spontaneous




Sickle Cell - H-tesssdsar tttoFPéessnomiium

Replacement of )Y, In the two beta subunits







Two Aspartic Proteases — Plasmepsin | & Il
One Cysteine Protease — Falcipain

Aspartic Proteases -Dimeric enzyme, two aspartates
participate in the catalytic diad. Mechanism is acid base
catalysis. Needs water molecule at the active site

Cysteine Proteases — Needs Cysteine SHas S and the
Imidazole of a Histidine NH protonated- but does not require
water at the active site.




Plasmepsin | — Initiates
cleavage of Hemoglobin

Plasmepsin Il — Prefers
denatured Hemoglobin

Falcipain — Does not cleave
native Hemoglobin but
recognizes denatured
Hemoglobin




Plasmepsin | & II: 51.5 Kd & 45 Kd
73 % ldentity beween Plasmepsins | and Il
Different in the N- tdemmmoasegmaon

Selectivity:

30% identity and > 50% similarity overall to
human cathepsin D, cathepsin E and renin










Pepstatin : Isolated from Streptomyces testaceus
and different actinomycetes

Strong inhibitor of acidic proteases (Aspartic
Proteases): Pepsin, Cathepsin D and Renin

|sovaleryl-L-vaal-L-weall- statimyl-L-ala-sstatee




Definition of Peptidomimetic

- A peptidomimetic Is a compound containing
non-peptidic structural elements that is capable
of mimicking or antagonizing the biological
action(s) of a natural parent peptide

- A peptidomimetic does no longer have
classical peptide characteristics such as
enzymatically scissille peptidic bonds













The following steps have led to to production of a CSP vaccine:

Production of CSP antibodies.  Antibodies were prepared from the serum of animals immunised
against P. falciparum sporozoites

Total anopheline mMRNA was prepared from infected mosquitoes. This mRNA preparation should
contain small amounts of sporozoite mMRNA as well.

Selection of mMRNA. Total mMRNA was used for the in vitro translation into protein. Polysomes that
were syntesising sporozoite CSP then were precipitated bij the anti-CSP antobodies.

Transcription into cDNA.  The enriched sporozoite CSP mRNA was then transcribed into cDNA
and inserted into a plasmid and cloned in E. coli.

Sequencing of the cDNA. The cloned cDNA was then produced in large quantities and
sequenced.
Production of CSP peptide(s). CSP peptides were produced by two different techniques:

The cDNA was used for overexpression of the corresponding protein in E. coli and the protein then purified
from the bacterium.

The sequence information was used for the chemical synthesis of peptides containing repetitive sequences.

Vaccination . Both the recombinant and the synthetic-peptide preparation were then used in
parallel vaccination trials in humans.

The result was disappointing.  Only one out of five volunteers turned out to be protected against
a challenge with 5000 P. falciparum sporozoites. This was the case for both the synthetic as well
as the recombinant vaccine.




