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CONFERENCE EXCLUSIVE

T
he approval of a new bio-
logical drug for therapeu-
tic use requires support-
ing data from a variety 
of studies, including those 

that demonstrate the suitability of the 
manufacturing process.  The regulato-
ry guidance advocates that one of these 
studies address the issue of cell sub-
strate stability by testing for consistent 
production of the product of interest 
by a characterised cell bank, generally 
the working cell bank (WCB).1  The 
study should evaluate stability during 
cultivation for production by exam-
ining a minimum of two time points 
— at a minimal number of population 
doublings and at or beyond the limit 
of in vitro cell age for production.  The 
guidelines state that, “Evaluation of 
the cell substrate with respect to the 
consistent production of the intended 
product of interest should be the pri-
mary subject of concern.”1 

For recombinant cell lines, this 
should be achieved by verifying the 
consistency of the coding sequence of 
the expression construct by nucleic acid 
testing or product analysis.  Protein 
biochemistry techniques can be used to 
characterise protein quality characteris-
tics directly, including those determined 
by the expression construct both direct-
ly (primary amino acid sequence) and 
indirectly (post-translational modifica-
tions), thereby allowing assessment of 
the stability of genetically determined 
product attributes.  Growth character-
istics and productivity characteristics 
“may be useful” for assessment of cell 

substrate stability.1  The key criterion 
for assessment of stability is, therefore, 
production of product with consistent 
characteristics, and not stable growth 
and productivity characteristics.

This emphasis upon consistency of 
product characteristics contrasts with 
the scientific literature, in which the 
emphasis has been upon understand-
ing how factors such as copy number, 
mRNA levels, and site of integration of 
the foreign gene(s) influence how pro-
ductivity changes with increasing cell 
age.2–5  To distinguish between the two 
approaches, the term “stability study” 
will be applied only to those studies 
testing for production of a consistent 

product.  A stable recombinant cell line 
will show consistency in product char-
acteristics between the WCB and the 
limit of in vitro cell age for production.  
Studies investigating changes in growth 
and productivity characteristics are 
considered as assessing the suitability 
of the cell line for use with the manu-
facturing process: they are important 
because of the link to process robust-
ness and process economics.

The Glutamine Synthetase (GS) Gene 
Expression System (Lonza Biologics, 
Slough, Berkshire, UK) and the DHFR-
CHO expression system are both widely 
used to express recombinant antibodies 
from mammalian cells.  There is a large 
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Figure 1.  Antibody concentration data for a suitable and an unsuitable GS-NS0 cell line are 
used to illustrate the changes that can be seen when trending the behaviour of different 
cell lines.

Figure 8.  Solid Waste Flow.

The overall tenets of control of person-
nel were established to prevent cross 
contamination between and within the 
production trains.

An employee may only work with 
one vaccine product within one work-
day.  They may work at different func-
tions with that product, but only if 
moving from a higher purity step to a 
lower purity step, not vice versa.

An employee working in a support 
function with no product contact (e.g., 
media/buffer preparation) may sub-
sequently work with vaccine product 
within the same workday, but not vice 
versa.

An employee working in the glass-
ware washing area may not proceed into 
any other processing area within one 
workday.

An employee designated as a “run-

ner” (that is, assigned to deliver medi-
um, buffer tanks, or raw materials and 
supplies to the processing suites) may 
not enter any of the processing suites, 
but must place items into the appropri-
ate airlock serving the processing room 
to which the delivery is being made.

An employee who has exited a pro-
cessing area via the return corridors 
and has removed gowning to the base 
level may not return to the processing 
areas without recycling through the toi-
let locker area and starting the gowning 
process anew.

Summary

The NIAID VRC in conjunction 
with SAIC-Frederick, Inc. has designed, 
renovated, and will operate the VPP for 
the production of clinical trial materials 

to support the mission of facilitating 
development of vaccines for human 
infectious diseases.  The VPP will oper-
ate under cGMP compliance and incor-
porates numerous features to allow flex-
ibility for processing multiple products 
simultaneously while preventing cross 
contamination.  This facility will pro-
vide a unique and valuable resource to 
facilitate the development of new and 
innovative vaccine products to prevent 
human disease.

This project has been funded with federal funds from the 
National Institute for Allergy and Infectious Diseases.

The content of this publication does not necessarily 
reflect the view or policies of the Department of Health 
and Human Services, nor does mention of trade 
names, commercial products, or organizations imply 
endorsement by the U.S. government.
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mined at the indicated intervals.  In 
order to trend changes, lines were fitted 
to the data by the least squares method.  
The antibody concentration for cell 
line 1 (CL1) changed by only 1 percent 
over the period of the study, whilst cell 
line 2 (CL2) exhibited a substantial 
change (36 percent).  Cell line 2 was 
not considered to be suitable for manu-
facturing since the change in product 
concentration was too large.  Typically, 
three cell lines are taken into the assess-
ment of stability and suitability.  So an 

alternative cell line was available in this 
programme that met the requirements 
of the manufacturing process.

Results from the analysis of the cell 
line stability and suitability studies are 
displayed in Table 1.  The proportion 
(0.06) of cell lines that exhibited chang-
es in electrophoretic banding pattern 
was low, indicating that GS-NS0 cell 
lines exhibiting changes in product con-
sistency across the window between the 
cell bank and limit of in vitro cell age 
occur infrequently.  In each programme 

where this occurred, an alternative cell 
line was available that could be used 
to manufacture the drug substance.  
Although there are reports of changes 
in antibody produced by hybridomas 
with increasing number of population 
doublings, the author is not aware of 
similar published data for recombinant 
antibodies.12

Table 2 contains the analysis of data 
from the assessments of suitability for 
the manufacturing process.  The pro-
portion of GS-NS0 cell lines meeting 
the antibody concentration criterion 
for a suitable cell line was about 0.79.  
For a subset of these data, informa-
tion about the specific production 
rate (Qp) was also available (Table 
3).  Examination of this data subset 
revealed that a large proportion of the 
cell lines (0.69) showed consistent anti-
body concentration and Qp.  This is not 
surprising, as antibody concentration 
is the multiplicative product of both 
Qp and the time integral of the viable 
cell concentration.  In most instances 
(10 out of 13) in which a change in 
antibody concentration was observed, a 

Table 3.  Contingency table showing relationship between changes in antibody con-

centration and Qp with increasing cell age.  The data are a subset of those in Table 2.

Figure 2.  Change in Qp with increasing cell age for three antibody producing GS-NS0 cell lines showing >30% change (CL2, CL3, and CL4), 
and one showing <30% change (CL1).  For each cell line, the Qp data are normalised to one of the cultures at the start of the study.

body of work in the public domain 
describing how growth and productiv-
ity characteristics of DHFR-CHO cell 
lines change.2,3,5–8  However, there are 
fewer equivalent studies for cell lines 
generated using the GS system.4,8–11  
The author is aware of only a lim-
ited number of reports that discuss cell 
line stability.12,13  This paper describes 
some of the experience gained at Lonza 
Biologics over the last ten years with the 
assessment of cell-line stability and the 
compatibility with the manufacturing 
process of recombinant-antibody pro-
ducing GS-NS0 cell lines.

How Can Cell Line Stability and 
Suitability Be Assessed?

An important issue in creating 
cell lines is to maintain stability over 
the number of population doublings 
required for manufacturing — in 
practice, several tens of population 
doublings from a cell bank — for a 
fed-batch process at ten to twenty thou-
sand litre scale.  At Lonza Biologics, the 
stability and suitability of a cell line are 
routinely tested before choosing the 
cell line that will be used in the cGMP 
manufacturing of the antibody.  This 
is accomplished by trending changes 
in growth and productivity character-
istics (e.g., viable cell concentration, 
specific production rate) of the cell line 
for the required number of population 
doublings in a scale-down model of 
the inoculum and production cell-cul-
ture processes.  The required number 
of population doublings encompasses 
both the predicted point at which the 
WCB is cryopreserved and the expected 
limit of in vitro cell age for production.   
Each cell line is serially subcultured 
and, at intervals of about ten popula-
tion doublings, cells are assessed in 

a scale-down, Erlenmeyer-flask model 
of the production bioreactor process.  
Antibody is purified by protein A affin-
ity chromatography from samples of 
culture broth taken, as a minimum, 
from the first and last assessments.  The 
purified antibody can then be analysed 
by a variety of protein biochemistry 
techniques.

Over the ten-year review period, the 
techniques used to detect changes in 
product quality have changed as new 
methods were introduced.  Currently, 
the techniques used for antibody analy-
sis include peptide mapping, matrix-
assisted laser desorption/ionization 
time-of-flight mass spectrometry 
(MALDI-TOF-MS), and electrospray 
ionization mass spectrometry (ESI-
MS).  The techniques that are common 
to all the studies reviewed are SDS-
PAGE and isoelectric focusing (IEF) 
electrophoresis of protein A-purified 
antibody.  The analytical techniques 
used to determine antibody concentra-
tion in culture supernatant samples also 
changed.  At the start of the review peri-
od, an ELISA for assembled antibody 
was typically used to determine product 
concentration; during the period under 
review, this technique was replaced by a 
quantitative protein A HPLC method.

Experience With GS-NS0 Cell Lines

Cell line stability and suitability 

studies were analyzed from a randomly 
selected subset of cell line development 
programmes, covering 23 antibodies, 
undertaken at Lonza Biologics over 
the last ten years.  Data were gener-
ated using GS-NS0 cell lines adapted 
to either serum-free or protein-free 
media.  None of the cell lines included 
in the review had been subjected to 
gene amplification.  Selection pressure 
for the recombinant phenotype was 
maintained through use of glutamine-
free media: methionine sulfoximine 
(MSX) was not included in the media.

The analysis was performed against 
the following definition of a stable 
and suitable cell line for use in Lonza 
Biologics’ manufacturing process.  For 
the cell line to be considered stable, the 
product must be biochemically compa-
rable, using the analytical techniques 
available, at the beginning and end of 
the study.  To ensure consistency in the 
assessment of product characteristics 
over the review period, only the elec-
trophoretic data were considered.  The 
antibody from the start and end of the 
stability study had to give similar band-
ing patterns after electrophoretic sepa-
ration.  For the cell line to be considered 
suitable for the manufacturing process, 
the change in antibody concentration 
across the 40-population-doubling 
window between the cell bank and limit 
of in vitro age is less than 30 percent.  A 
value of 30 percent was chosen, as this is 
twice the expected coefficient of varia-
tion for the ELISA assays used in some 
of the early programmes.

Examples from two GS-NS0 cell 
lines are shown in Figure 1 to illustrate 
the output from a study assessing the 
suitability of cell lines for use in the 
manufacturing process.  The cell lines 
were serially subcultured for about 45 
to 55 population doublings, and the 
antibody concentration profiles deter-

Table 1.  Occurrence of changes in the biochemistry of antibodies upon extended 
sub-culture of GS-NS0 cell lines.

Table 2.  Summary of studies investigating the change in antibody concentration 
for GS-NS0 cell lines with increasing cell age.
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change in Qp was also seen.  A propor-
tion (0.09) of cell lines showed changes 
in Qp only.  For these cell lines, there 
was concomitant improvement in cell 
growth such that there was no overall 
affect upon the antibody concentration.  
A smaller proportion (0.05) showed 
changes in antibody concentration but 
no change in Qp.  For these cell lines, 
there was deterioration in cell growth 
with an increasing number of popula-
tion doublings such that there was a 
decline in antibody concentration.  In 
the instances where cell lines were clas-
sified as showing a change in antibody 
concentration or Qp, the value of the 
parameter declined with increasing cell 
age.  For these cell lines, no increases 
were seen.

Profiles showing the change in Qp 
with increasing cell age are shown in 
Figure 2.  For each cell line, the best fit 
line was fitted by polynomial regres-
sion.  The change in Qp for cell line 
CL1 is less than 30 percent, whilst the 
change for the remaining cell lines is 
more than 30 percent.  Comparison 
of the data for the remaining three 
cell lines shows substantial differences 
in behaviour.  Comparing cell lines 
CL3 and CL4 shows that, although the 
shapes of the curves are very similar, the 
rates at which Qp changes can vary sub-
stantially.  Comparison of cell lines CL2 
with CL3 and CL4 shows a substantial 
difference in the shape of the curves.  
This raises a question: are the different 
behaviours observed for changes in Qp 
with increasing cell age the result of dif-
ferent mechanisms, or are they observa-
tions on a single underlying process at 
different points in the development of 
a process?

For cell lines in which the gene 
expression cassette has been amplified, 
the rate of change in Qp with cell age 
will be influenced by factors such as 
copy number and site of integration 
of the foreign gene(s).  The mecha-
nisms for loss of copy number have 
been well described.14  In contrast, the 
mechanisms underlying these chang-
es in non-amplified recombinant cell 
lines are poorly understood.  Barnes 
et al. determined that there may be 
molecular features of transfectants that 
predicate instability.4  They studied 

a series of GS-NS0 cell lines making 
an anti-CD38 monoclonal antibody.  
Although copy number remained con-
stant in these cell lines, there was a 
loss in expression of mRNA during 
prolonged culture.  This did not result 
in loss of productivity in all of the 
cell lines.  It seems that productivity 
was not influenced if levels of anti-
body mRNA remained above a critical 
threshold value.  This observation of 
different profiles for changes in Qp, 
and the observation that changes in 
cell growth may affect antibody con-
centration, indicate that some of the 
mechanisms act indirectly.  Others 
have also concluded that changes in the 
productivity of a GS-NS0 cell line with 
cell age may not necessarily result from 
changes at the DNA level, but from 
changes in cell metabolism.9

Summary

In summary, the data generated by 
Lonza Biologics over the last ten years 
shows that most (44 out of 47 cell lines 
reviewed) GS-NS0 cell lines did not 
exhibit changes in antibody character-
istics with increasing cell age.  Unstable 
GS-NS0 cell lines would therefore 
appear to occur infrequently.

A large proportion of GS-NS0 cell 
lines were suitable for use in the manu-
facturing process, showing less than a 
30 percent change in antibody concen-
tration between the cell bank and limit 
of in vitro cell age.  The data indicate 
that a change in the antibody concen-
tration is not simply due to a change 
in Qp; changes in the growth of the 
cell line are also important and can be 
either beneficial or deleterious.  The 
mechanisms underlying these changes 
are poorly understood, but the different 
behaviours suggest that there are more 
than one.
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will be influenced by factors such as 
copy number and site of integration 
of the foreign gene(s).  The mecha-
nisms for loss of copy number have 
been well described.14  In contrast, the 
mechanisms underlying these chang-
es in non-amplified recombinant cell 
lines are poorly understood.  Barnes 
et al. determined that there may be 
molecular features of transfectants that 
predicate instability.4  They studied 

a series of GS-NS0 cell lines making 
an anti-CD38 monoclonal antibody.  
Although copy number remained con-
stant in these cell lines, there was a 
loss in expression of mRNA during 
prolonged culture.  This did not result 
in loss of productivity in all of the 
cell lines.  It seems that productivity 
was not influenced if levels of anti-
body mRNA remained above a critical 
threshold value.  This observation of 
different profiles for changes in Qp, 
and the observation that changes in 
cell growth may affect antibody con-
centration, indicate that some of the 
mechanisms act indirectly.  Others 
have also concluded that changes in the 
productivity of a GS-NS0 cell line with 
cell age may not necessarily result from 
changes at the DNA level, but from 
changes in cell metabolism.9

Summary

In summary, the data generated by 
Lonza Biologics over the last ten years 
shows that most (44 out of 47 cell lines 
reviewed) GS-NS0 cell lines did not 
exhibit changes in antibody character-
istics with increasing cell age.  Unstable 
GS-NS0 cell lines would therefore 
appear to occur infrequently.

A large proportion of GS-NS0 cell 
lines were suitable for use in the manu-
facturing process, showing less than a 
30 percent change in antibody concen-
tration between the cell bank and limit 
of in vitro cell age.  The data indicate 
that a change in the antibody concen-
tration is not simply due to a change 
in Qp; changes in the growth of the 
cell line are also important and can be 
either beneficial or deleterious.  The 
mechanisms underlying these changes 
are poorly understood, but the different 
behaviours suggest that there are more 
than one.
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