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T he speed at which a recom-
binant protein product
progresses into clinical

trials is of vital importance for both
small biotechnology companies as
well as the biopharma groups of
large pharmaceutical companies.
For mammalian cell lines, two
major impacts on the project time-
line are the ability to quickly iden-
tify a product candidate and
subsequently produce a high-
expressing cell line for that product.
The advent of various computer-
based protein design methodologies
and antibody discovery technologies
for developing protein therapeutics
has resulted in large numbers of
protein or antibody variants that
must be screened to identify the best
clinical candidate.

For these variant candidates, proper
screening requires milligram levels of
protein production in mammalian cells for
testing candidate material. This testing is
initially performed in vitro, but in many
instances animal studies are required for
identification of the best potential clinical
candidate. Animal studies can require
multi-gram levels of the protein variants.
Production and screening of these vari-
ants and selection of a final candidate is a
time-consuming process in most research
groups, and generally conflicts with what

are now common aggressive timelines for
moving products forward into the clinic.
Typically, the initial variants are produced
from a transient expression system, and
then after clinical candidate selection, the
cell line development process is restarted,
a stable cell line is produced, and the final
clinical candidate is master cell banked
for manufacturing. The GPEx (Gene
Product Expression) technology allows
protein variants to be screened as part of
the manufacturing cell line generation
process. Milligram to multi-gram levels
of protein are produced from an initial sta-
ble pool of clonal cell lines for variant
characterization and selection. Final
clonal cell line selection from this pooled
line either proceeds in parallel with vari-
ant in vitro/in vivo screening or after clin-
ical candidate selection has been
completed. This method of variant selec-
tion eliminates the need for a total restart
in cell line development after the clinical
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candidate has been identified.
The GPEx technology utilizes retrovec-

tors to stably insert single copies of genes
into dividing mammalian cells.1 Retrovec-
tors deliver genes coded as RNA that,
upon entry into the cell, are reverse-tran-
scribed to DNA and integrated stably into
the host cell genome. Two enzymes,
reverse transcriptase and integrase, pro-
vided in the vector particle, allow conver-
sion to DNA and gene insertion. These
integrated genetic inserts are maintained
through subsequent cell divisions as if
they were endogenous cellular genes.2

Characteristics of GPEx Technology
• The gene inserts target “active”

regions of the cell genome allowing for
high levels of protein production from
the cell pools and lines.3, 4, 5

• Antibiotic selection and gene amplifi-
cation are not required, resulting in
shorter clonal cell line development
timelines.

• Stable cell pools producing mil-
ligram to gram quantities of variant
proteins prior to selection of a high-
expressing clone allows for screening
of protein variants and optimal selec-
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Figure 1. Recombinant Protein Cell Line Development Method.
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Figure 2. Antibody Cell Line Development Method.
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tion of final clinical candidates.
• GPEx technology inserts each copy

of the transgene at a different
genomic location, producing very
stable gene insertions and stable
expression from both pooled and
clonal selected cell lines. 

CHO Cell Line Development
GPEx cell lines expressing recombinant
proteins and antibodies are produced as
shown in Figures 1 and 2. For generation
of antibody producing cell lines, an initial
transduction of Chinese hamster ovary 
(CHO) cells is performed using a retro-
vector containing the light chain (LC)

gene. The LC expressing pool of cells is
then transduced with a retrovector con-
taining the heavy chain (HC) gene. Upon
completing a single transduction, or both
LC and HC transductions in the case of
antibodies, the resulting pool of cells pro-
duces functional protein. These stable
pools can be expanded for protein produc-
tion and analysis. Single cell clones are
isolated from the pool using limited dilu-
tion cloning. Cells are only cultured in
serum-free medium. However, 2% fetal
bovine serum is typically used for approx-
imately 10-14 days during the limited
dilution cloning step. Cells are routinely
cultured at 37° C and 5% CO2. Fed-batch

32 The BioPharm International Guide February 2006

Figure 3. Process Timeline for Variant Production From a Pooled Cell Line.
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Figure 4. Process Timeline From cDNA to Start of Master Cell Banking Using the
GPEx Cell Line Development Method 
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development is completed with a single
round of analysis using generic conditions
and commercially available media/supple-
ments (HyClone, Logan, UT).

Pooled Cell Line Production
The ability to produce substantial amounts
of protein prior to clonal selection is an
advantage of this cell line development
method. Stable cell pools producing 20–
280 mg/L of over 40 different proteins in
standard serum-free overgrowth cultures
without feeding have been generated using
GPEx. Transfer of the pools to fed-batch
conditions results in a 2–4 fold increase
over the initial production levels. These
production levels allow milligram to multi-
gram quantities to be made from 1–100
liter production vessels at this early stage
in the cell line development process. A
timeline for production of protein variants
from pooled cell lines is shown in Figure 3. 

Clonal Cell Line Production
and Manufacturing
After completing limited dilution cloning

and initial clonal selection on pooled cell
lines, top clones are identified and analyzed
in generic fed-batch conditions. The top
clone is identified from the fed batch analy-
sis and moved into bioreactor manufactur-
ing using the same fed-batch conditions.
Results of fed-batch bioreactor runs for nine
different antibody producing cell lines are
indicated in Table 1. Protein production,
specific productivity (picograms/cell/day),
and maximum cell density were recorded
for each batch. The ability to manufacture
clinical material without detailed cell line
process development and achieve greater
than 1 g/L levels of production dramatically
reduces timelines for clinical product pro-
duction. More detailed process development
can then be performed on the cell line while
early clinical analysis is being performed. A
timeline from gene to master cell bank can-
didate selection is shown in Figure 4.

Summary
GPEx cell line engineering technology is a
flexible cell line development methodology
capable of shortening the time to clinic for
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Table 1. Clonal Cell Line Production During Bioreactor Manufacturing.

Protein
Product

Specific
Productivity

(P/C/D)

Final Titer 
(g/L)

Maximum Cell 
Density

(x 106 Cells/mL)

Antibody 1 35 1.0 3.1

Antibody 2 19 0.8 4.4

Antibody 3 35 1.2 3.3

Antibody 4 20 0.7 3.0

Antibody 5 35 1.4 3.5

Antibody 6 31 0.7 2.8

Antibody 7 23 1.1 3.5

Antibody 8 35 1.1 2.3

Antibody 9 27 1.2 4.5



recombinant proteins that require produc-
tion in mammalian cells. Large quantities of
recombinant proteins/antibodies can be pro-
duced from pooled cell lines along the path
to candidate cell line selection, which in
turn shortens timelines and eliminates the
need for separate, large-scale transient
transfection experiments. GPEx cell lines
producing antibodies express at levels of
0.7–1.4 g/L in fed-batch bioreactor manu-
facturing using generic conditions. These
levels are on the upper end of production
needed to produce clinical material and will
improve with more detailed cell line
process development.  ✪
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Table 5. Abbreviations

CAP Cellulose-associated protein 
CBP Calmodulin-binding protein 
Gb1 Gb1-domain from protein G 
GFP Green Fluorescent Protein
GSH Glutathione
GST Glutathione-s-transferase 
HIS Polyhistidine
MBP Maltose binding protein 
NusA A protein of E. Coli
SUMO Small ubiquitin-like modifier 
Tev Tobacco etch virus
TRX Thioredoxin 
Ub Ubiquitin
Xa A serine protease
ZZ Z-domain from protein A
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