e /6 (- TR i

LONZQA

Dr Andrew Racher

© Lonza Biologics plc, 2004




Structure of talk LONZC

m Issues
= Selection of a high producing cell line

= Selection for process compatibility
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Cell line development and clinical supply

LONZC
e /N = WIS o5 RIS . BT

= Early phase clinical supply
Speed essential
= Select cell lines that fit manufacturing process

Cell line productivity and process economics less
important

= Late phase clinical supply

Process optimisation required to reduce cost of
goods

= Cell line improvement
re-clone cell line, select higher producer

re-express product in efficient expression
system
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Therapeutic antibodies - the Challenge  Lonzc

m Fifteen licensed rMabs and large number in
development

= High dose requirement leads to large volume
demand (10’s to 100’s kg/year)

s Challenge: produce large quantities with cost and
time efficiency
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Process requirements
e/ & ey - WIS oo T e T

LONZC

= A high yielding antibody manufacturing process is
the result of:

Selecting highly productive cell lines

= Efficient gene expression and stringent
selection

Cell culture process supporting high viable cell
concentration

= Optimised process

Minimising losses in primary recovery and
purification

= Optimised process
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High level gene expression

LONZC
e /N v = WIS o5 R =

m Strong promoter to drive expression of product gene(s)
Viral, elongation factor

m Increased copy number of product gene(s) that give proportional
InCrease in gene expression

Co-amplification of product and selectable marker genes (e.g.
DHFR) in presence of cytotoxic drugs (e.g. methotrexate)

Lower cell line stability compared to un-amplified cell lines

m Vectors with elements (e.g. SAR/MAR) that create genomic
environment for high transcriptional activity

m Targeting of expression vector to genomic hot spot by
homologous recombination
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Cell line selection:

The issues LONZC
RN, RS SRREAS 5 L e T e

m By definition, the transfectants with potentially the
highest specific productivities are rare

Current approaches are successful in making
productive cell lines

m Specific productivities for antibody-producing
GS cell lines: 15 to 65 pg/(cell-h)

= Production concentrations exceeding 1 g/L are
common

= How can the hit rate for finding highly productive cell
lines be increased?
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Why do I need large numbers of high
_ oroducers?

m Selection against process criteria reduces the
number of cell lines

= If only a small pool of high producers, none
may be compatible with process
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Background: Glutamine synthetase (GS) gene
exressmn S

m Expression vector encoding product genes plus GS
gene, allowing glutamine synthesis

m Selection: combination of glutamine-free medium
and GS inhibitor methionine sulphoximine (MSX)

= Only cells with GS gene (and linked product
genes) survive
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Glutamine synthetase (GS) gene expression

system LONZC
e /N G = IR o5 R

m Increase selection stringency - use weak
promoter on GS gene plus high MSX
concentration - selects for rare integration into
transcriptionally efficient sites in genome

s Expression of linked product genes, driven by
strong promoter, enhanced by favourable
integration site
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CeII line selection:

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

Mean 48 mg/L

0.020

0.016 |
0.012 +

0.008 +

Probability

0.004 +

0.000 ‘ ‘ T ! ‘
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= 90% transfectants produce Antibody (mg/L)
less than 90 mg/L

= 1.5% transfectants produce
more than 150 mg/L

Slide 12



Cell line selection

LONZC
e /N = WIS o5 RIS . BT

= To find these rare events, use a combination of:

Transfection method that generates large numbers of
stable transfectants

= maximise the range of productivities
Stringent selection to eliminate lower producers

High throughput methods, e.g. FACS + cell surface
product capture, to screen large numbers efficiently
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Cell line selection:

The nhumbers game LONZC
s Expt. 1: 0/92 GS-CHO Expt. 1
transfectants produce more
than 150 mg/L B
Mean: 49 mg/L B ”
;I‘HM“NINMIMM‘HM
= Expt. 2: 3/92 GS-CHO T e
transfectants produce more 8
than 150 mg/L 4 Expt. 2
Mean: 46 mg/L
s Replicate experiments may (or ' “ ||“|HH
may nOt) reveal tranSfeCtantS ° 7|zo||3347eo|7|3|JJ|L|113|125139152|!se!79192205219232245258
making more than 150 mg/L > (mglL)
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Cell line selection:
The numbers qame - how many? LONZC

m Simulated screen of 5000
transfectants

300

= 7/5/5000 make more than 150 250
mg/L
Mean: 48 mg/L

200 A

Frequency

m Screen large numbers of
transfectants

How many? 5|

= Function: current and
ta r96t ConcentratiOnS; 720 B 47 60 73 8 99 113 126 139 152 166 179 192 205 219 232 45 258
shape of distribution Ab (mglL)

100 -

m Alternatively, eliminate lower
producers
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Cell line selection:
Selectlon strlngency LONZC

Influence of selection conditions for GS-CHO cell lines with
cB72.3 antibody

350

300 -~
. Cell lines have not
250 - been amplified.

100: T
= 1

0

Antibody (mg/L)

T T
25 uM 50 M

Selection conditions - MSX concentration
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FACS-based methods:

Affinit matrlx surface caDture (AMSCQC) LONZC
fo. 4 B G = U U ot o

fluorochrome-labelled detection

antibody
secreted e,

antibody--...

biotinylated @ .
Protein A

neutravidin ..y biotinylated-
bridge cell surface
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Flow cytometric analysis of AMSC-
labelled GS-CHO cells

LONZC
e /N = WIS o5 RIS . BT

Negative control

rMab-producing GS-CHO cell line

Count

10 107 1ot

10
FITZ 530M30-2

10° 1ot
FITC S30030-A
rMab-producing GS-CHO transfectant pool

10°
Positive control

count

107 1ot
FITC a32M30-4

10

107

1ot
FITC a32M30-4
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Productivity of AMSC-labelled and bulk sorted

GS-CHO transfectants

e /N =W &

e

160

sorted

low FITC high FITC

m pool A

m pool B

s Two transfectant pools labelled by AMSC method

= Sorted on FITC signal (high, low) or viability (sorted)
= Significantly more antibody from high FITC population

LONZC
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Cell line selection LONZC

Summary

= Large number of transfectants required

= Variety of approaches to finding high producers in
transfectant pool

m Increasing the stringency of the selection conditions
substantially increases the median antibody
productivity

s Further enrichment possible by FACS-based methods
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Selection for process compatibility

LONZC
e /N = WIS o5 RIS . BT

s Example of minimum process characteristics
Suspension culture
ACF&PF medium
Sub-culture by dilution, at 1:7 to 1:10 ratio

Specific bioreactor configuration and operating
parameters

= To minimise project timelines, cell line development

programme should include evaluation against process
characteristics
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Selecting high producing cell lines:
Cell line ranking changes as go through process

LONZC

Transfect host cells with vector

l Single colonies per well

200-300 transfectants

STATIC CULTURE

6 week

productivity assessment

4 weeks (quantitative)
transfectants
SUSPENSION Adapt to ACF&PF
(Erlenmeyer flask culture) 8 weeks
transfectants

Preliminary productivity

3 weeks assessment (quantitative)

5-10 transfectants

3 weeks l

Select 3 cell lines for further analysis

Fed-batch assessment of
growth and productivity (and
PQ)

Slide 23



GS-NSO: productivity distributions for different

transfections in fed-batch, Erlenmeyer flask culture
LONZC

A B C D E F

Transfection

Highest ranked cell line will not necessarily be same
as highest ranked cell line at 96-well plate stage

Slide 24



Selection of production cell line — consistent
product synthesis

LONZC

200
@ —&— Plus MSX
+«= 100 |
= —8— Minus MSX
50 -
0
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Generation No.
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What further analysis?

LONZC
e /N = WIS o5 RIS . BT

m Key steps include:

m Evidence of clonality required by regulatory
authorities

Limiting dilution cloning commonly used

= Evaluation in scale-down model of bioreactor process
proposed for manufacturing

Are product concentration and product quality
criteria met?
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Selection of production cell line

m Consistent product integrity and acceptable
bioactivity

s Consistent cell growth in production process
m Consistent high volumetric productivity
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Summary

LONZC
e /N v = WIS o5 R =

s Highest producers are rare

= Number of approaches to increasing discovery
hit rate

Screen large numbers
Enrichment

m Select cell lines to fit manufacturing cell culture
process

Scale-down models
Multiple selection criteria
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