Plant-based production systems (2)

Advantages Disadvantages

\

I Cell or tissue culture timescale, containment, cost
secretion into the medium,
regulatory compliance

Virus-infected plants timescale, yield biosafety, construct-size
limitations
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Current challenges in Molecular Farming

yield of recombinant proteins
protein stability
proteases
post-translational modification(s)
N-glycosylation
extraction and downstream processing
QA, QC and substantial equivalence

clinical trials & regulatory approval
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N-glycosylation

Plant specific N-glycosylation (al,3-fucose, 1,2-xylose)
IS Immunogenic.

In order to produce mammalian like glycan structures
fucosyltransferase and xylosyltransferase knock out
mutants have been engineered.

Proof of concept has been demonstrated for Arabidopsis
(Schahs et al., 2007) and the moss Physcomitrella
(Weise et al., 2007)
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Proteolytic degradation of the target molecule

Spiking of spent BY?2 culture medium with purified intact DSPA 1
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Several proteases have been identified in tobacco suspension cells i

Work for silencing these proteases is in progress
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DSP pipeline
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Downstream processing (overview)

Dispersion

ivati Harvest :
Tobacco cultivation & Extraction

pH adjustment
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Four-step Filtration of Crude Extract

consecutive depth filters with decreasing pore size; pressure / turbidity driven

Custom-made prefilter  Sartopure PP2 8 um  Sartoclear 4 um  Sartoclear 0.3 um
(exact sequence still in development) _—
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Next step: production of clinical grade material

HIV-specific antibody (2G12) produced in tobacco (25 mg/kg)
Tobacco cultivation and protein extraction in the greenhouse
Protein purification in the GMP facility at the IME

pre-clinical studies in rabbits followed by phase I clinical trial

Funded by the EU (Pharma-Planta project)

Greenhouse facilities at IME

GMP facility at IME



Production of the Mucin-specific antibody M12 (lI)

M12 scFv antibody was selected from a large naive human phage
display

pharmaceutical application

mucin-1 (MUC-1) is overexpressed in more than 90% of
breast cancers and also abundant on other adenocarcinoma
cells such as lung, pancreas, colon cancers

tumour-associated MUC-1 version is under-glycosylated and
thus unmasking a peptide core in the VNTR (variable number
tandem repeat) of MUC-1

M12 binds to the PDTRP epitope of the under-glycosylated MUC-1
a suitable target for application in tumour diagnosis and therapy



Production of the Mucin-specific antibody M12 (lI)

tobacco N. tabacum cv Bright Yellow 2 (BY2)
suspension - cells 24 uglg FLW
cells - medium 7 pg/g FLW
- optimised
medium 65 ug/g FLW
tobacco N. tabacum cv Petite Havana SR1
plants - secreted 95 ug/g FLW

- ER retarded 160 pg/g FLW

N. tabacum cv Gobir Kemloko
- secreted 130 pg/g FLW
- ER retarded 500 pg/g FLW



counts

FACS analysis

LS 174T MDA MB-231 MCF-7
(colon (breast cancer) (breast cancer)
adenocarcinoma)

counts
counts

FL-1 FL-1 FL-1

— 10 ug apoplastic M12, tobacco plants
10 ug ER-retarded M12, tobacco plants

— 10 pug M12, BY-2 medium
—— 10 pg M12, BY-2 cells

protein A purified M12 from tobacco and BY-2
suspension cell cultures is functional and binds to
adenocarcinoma cells



M 12 glycan an aIyS|S Tobacco plants BY-2 cells
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PMPs - advanced products (I)

Poultry vaccine

vaccine against Newcastle disease
based on the HN protein of Newcastle
disease paramyxovirus

produced in tobacco cells
Dow-Agrosciences, USA

status: approved by USDA in 2006

Source: http://www.molecularfarming.com



PMPs - advanced products (ll)

Glucocerebrosidase

Enzyme replacement therapy for Gaucher disease
Developed by Protalix, Israel
produced in transgenic carrot cell culture

status: phase lll clinical trial protocol developed

Source: http://www.molecularfarming.com



PMPs - advanced products (lI)

Human insulin

Treatment for insulin-dependent diabetes

Produced in safflower

SemBioSys, Canada

Status: preclinical, start of clinical trials
planned for 2008

Source: http://www.molecularfarming.com



Conclusions

Various plant expression hosts are available for Molecular farming
Selection is driven by complexity of the recombinant protein

Other points to consider: posttranslational processing, IP rights,
regulatory issues ...

Plant-based production systems have future potentials:
overcome the limitations of production capacities
provide proof of concept, efficacy and safety
produce clinical grade material

Develop tailored expression & DSP platforms

Overcome regulatory & approval issues
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