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The Challenge of the MAb Market LONZ
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= Biopharmaceuticals represent 10-30% of all new
drugs in recent years

= rMADbs have grown from 1% of the biophamceutical
market in 1995 to 14% in 2001

Polastro and Tulcinsky, SCRIP Magazine Sep 2002

= Currently fifteen rMAbs on the market with many
more in development

s Several are ‘blockbuster’ therapuetics

= High dose requirement — 10s to 100s Kg per annum
required

= Challenge: produce large quantities with cost and
time efficiency



Meetlng the Challenge LONZ

= Can large quantities simply be obtained by scaling
up and up?

m Cell lines
= Highly productive
= Stable

m Cell culture processes
= Robust
= Scalable
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The Benefits of Increasing Productivity | onz
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Highly Productive Cell Lines Lonz:
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Host cell

Expression system

Transfection and selection protocol
Rapid creation

= Goal to create stable, high producing cell lines
Grow in suspension culture

Grow in a chemically defined, animal
component-free media

= Optimise culture

High specific productivity, high cell numbers
which can be maintained for extended time



Highly Productive Cell Lines II Lonz:

= Host cell CHOK1SV
s Expression system GS

= Electroporation and selection protocol MSX

= Rapid creation 20 weeks

s Early phase clinical supply (Uncloned)
cDNA to cGMP in a generic process in
<12 months

= Late phase clinical supply (Clonal)
Marry cell line with optimised process



Host Cell and Expression System

LONZ:

s Developed CHOK1SV (suspension variant)
Grows as single cell suspension

Pre-adapted to growth in chemically defined,
animal component-free media

Exhibits good growth characteristics

= Reach high maximum viable cell
concentration

= Able to maintain cultures at high cell viability



LONZ

Tlmellne Reductlon Wlth CHOK1SV

m Use of suspension variant of CHO K1 pre-adapted to growth in
chemically defined, animal component-free (CDACF) media
substantially reduces time taken to generate cell lines

Serum-Containing Process | R

Vector construction
Transfection

Selection and Expansion
Adaptation to Suspension
Growth

CDACF Process

Vector construction
Transfection

Selection and Expansion
Adaptation to Suspension

Growth 20 weeks
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Host Cell and Expression System
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LONZ:

s The GS Gene Expression System

Glutamine synthetase (GS) used as a selectable
marker

Glutamine omitted from culture media as
selective pressure

Further selection pressure applied with
methionine sulphoxamine (MSX) - a specific
inhibitor of GS

= Focus on recent developments creating GS-CHO cell
lines



GS Expressmn Vectors
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Optlmlsmg Transfectlon and Selection | onz

m Influence of selectlon conditions for GS-CHO cell
lines with cB72.3 antibody
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Finding High Producers
) CRYRURETUNEY, RS SIRLE L L B el
High producers are infrequent

LONZ:

= Probability distribution of
antibody productivities
for primary GS-CHO e
transfectants ( 24 well !
plates )

= 90% transfectants 000 |
produce less than 90 oo L _
mg / L 0 50 100 150 200 250 300

Antibod /L
= 1.5% transfectants thody malt
produce more than 150
mg/L
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Improvmg GS Vectors for Antibodies LONZ

beta petamase

Free light chain often
seen in cultures

Does first gene (LC)
interfere with expression
of second gene (HC)?

Can levels of LC and HC
be balanced?

= Transcription blocker
Must the LC gene be first?

= Reverse the order and
put HC first

Can stronger promoters
be used?



Improvmg GS Vectors for Antibodies LONZ
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F|nd|ng ngh Producers I Lonz
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Transfect ells with vector

STATIC CULTURE

Single colonies per well

3 - 6 week
200-300 transfectants
productivity assessment
1 week (semi-quantitative)

60-100 transfectants

4-

productivity assessment

4 weeks (quantitative)

30-60 transfectants

SUSPENSION

(shake flask culture) 8 weeks Adapt to protein-free

30-60 transfectants

Preliminary productivity
assessment (quantitative)

3 weeks
5-10 transfectants

Fed-batch assessment of
growth and productivity

3 weeks

-

Select 3 cell lines for further analysis
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F|nd|ng H|gh Producers II

LONZ:

m Shake-flask cultures operated in fed-batch mode
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LONZ:

Flndlng ngh Producers ITI

Maximum Specific
. " Product Production | Harvest
. Viable Cell .
Bioreactor : Concentration Rate day

Concentration (/L) (pg/cell/h)

(10° cells/mL) s Pg
Laboratory-scale
(10L) 9.42 1.6 0.78 15
Pilot-scale
(130 L) 10.78 1.9 0.76 17
Manufacturing
(200 L) 9.66 1.4 0.78 15




Highly Productive Cell Culture Processes  onz
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= Significant potential to improve processes
Medium design and feeding strategies
Physicochemical environment
Iterative process

= Full chemical definition

Knowledge of media components gives full control
of process optimisation

No lot to lot variability of raw materials
Simplification of downstream processing
= Animal component-free

Potential source of adventitious agents and
product contaminants



Process Improvement I LONZ

Improvmg CeII Growth
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Process Improvement II LONZ

Improvmg Product Accumulatlon
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Process Improvement III LONZ

Improvmg CeII Growth
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Process Improvement IV

LONZ:

Improving Product Accumulatlon
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CHO Process Optlmlsatlon Summary

LONZ

Process Antibody Fold increase

(mg/L)

C_)ngmal cell 139

line

Iteration 1 334 2

Iteration 2 585 4

New cell line 1917 14

Iteration 3 2829 20

Iteration 4 3560 26

Iteration 5 4301 31




Summary Lonz:
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= Creation of highly productive cell lines is the sum
of many parts

Host cell and expression system
Transfection and selection
Strategies to identify the highest expressers

s Significant potential for further yield enhancement
Process optimisation

Lonza’s philosophy of generic platform
development based on chemical definition and
animal component-free processes
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