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1. Gene Cloning and Transfection
First, cells of the selected mammalian 
host cell line must be engineered to  
express the desired protein.
An expression vector containing the 
genetic material required to encode 
the therapeutic protein must be  
synthesized and used to transfect the 
cells. The transfection process creates  
a mixed population of cell pools,  
which are then subjected to selection 
pressure, and analyzed. Early analysis 
provides insights into the general  
characteristics of the cells carrying the 
recombinant DNA and their ability to 
produce the anticipated biologic.
 

2. Clone Screening and Selection 
Next, single cells must be isolated and 
expanded to create clonal populations. 
Screening is subsequently performed 
to identify the most desirable clones.
High-performing clones need to be 
stable and capable of producing the 
desired protein at high titers. The 
monoclonality of the cell population 
should also be verified before pro-
ceeding to further characterization.

Process of Cell Line 
Development 

Creating a robust, stable cell line that 
can yield sufficient material for testing, 
optimization, and manufacturing at 
commercial scales is a crucial step in 
bioprocess development. The route 
taken during the early stages of  
your project will determine its future 
success or failure. The following  
outline presents an overview of the 
cell line development workflow.

Biopharmaceutical drug products, or biologics, are fast becoming an essential 
branch of the healthcare industry. Primarily consisting of therapeutic recombinant 
proteins, biopharmaceuticals have had considerable success in treating various 
diseases, particularly cancers and inflammatory disorders (1). However, developing 
a reliable process for commercial biopharmaceutical production is logistically 
and technically demanding, with many opportunities for projects to break down.

Biopharmaceutical manufacturing uses living host cells as production centers. 
The development of a robust, high-yielding cell line is the foundation of a reliable 
production process. However, cells introduce a source of variability and a unique 
set of technical challenges.

Early awareness of the possible obstacles to efficient process development is 
critical for making informed project decisions. Here, we discuss the challenges 
associated with cell line development in the production of biologics before  
outlining solutions that can help drug developers evade the pitfalls of misinformed 
decision-making.

Cell Line Development: 
The Foundation of a Reliable 
Production Process
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3. Cell Line Characterization
Once screening and clone selection  
is complete, the best performing 
clones are expanded and fully  
characterized to ensure the cells  
exhibit all the features of the desired 
biologic. Multiple assays are used to 
evaluate critical quality attributes 
(CQAs) of the product, such as potency, 
binding, and physicochemical and 
structural properties. Additionally, 
next-generation sequencing can  
be used to examine the transgene  
insertion site and provide further  
insights into the clone’s stability.

4. Expansion and Optimization
Achieving the optimal production  
parameters at different scales can  
require several rounds of optimization. 
Developers must verify that product 
quality is maintained from pilot scale 
through to commercial scales. Iterative 
testing of various media compositions 
and process parameters can identify 
further opportunities to improve  
the efficiency and yield of protein  
production at the necessary  
manufacturing scales.

5. Cell Banking
Finally, the cells are expanded to  
create high-density cell banks for  
the continuous production of the  
biopharmaceutical. GMP-compliant 
master cell banks are established,  
fully tested, and characterized in 
preparation for creating working  
cell banks and the beginning of  
manufacturing.
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The selected cell line must have  
the capacity for creating all biological 
features of the product, including 
structural moieties, complex  
glycosylations, and post-translational 
modifications that are similar to those 
produced in humans. Additional  
concerns include the cell line’s stability, 
traceable history, robust and desired 
growth characteristics, and required 
culture conditions.

Chinese hamster ovary (CHO) cell 
lines are the most common choice  
for the manufacture of recombinant 
proteins, owing to their established 
track record of efficient protein  
production in large scales handling in 
serum-free media , high stability and 
safety profiles (2). Various other  
options, including human cell lines, 
might have advantages for some  
applications, such as avoiding potentially 
immunogenic non-human post- 
translational modifications (3). However, 
human cell lines always bear a  
biological safety risk due to potential 
contamination with pathogenic viruses. 
Therefore, CHO cell lines remain the 
major work horse in the industry.

Choosing the Right  
Cell Line

Biologics are typically large and highly 
complex molecules. The mechanisms 
behind their expression, processing, 
packaging, and transport inside the  
cell are elaborate. As a result, it can be 
technically challenging to generate a 
cell line that reliably synthesizes the 
product and accurately captures its 
features, which may be necessary for  
its clinical function.

The decision of which cell line to use  
for biopharmaceutical production is 
crucial, as its performance underpins 
the efficiency of the entire production 
process. A poorly functioning cell line 
can require developers to veer from  
established protocols and incur costs 
associated with performing multiple 
rounds of optimization.

A suitable cell line will be easy to trans-
fect | transduce and will produce the 
desired biologic with high efficiency. 

Cell Line Development
Key Challenges

There are various stages which problems can arise during the creation and  
optimization of robust cell lines. However, a heightened awareness of potential 
future challenges during early process development can help mitigate the risk  
of failure, reduce the expenses associated with repeating processes, and ensure 
that the cell line and biotherapeutic meet regulatory requirements.

Clone Selection 

Screening cells to identify and select 
high-performing clones is perceived  
as a complex and arduous process.
Clone performance can be unpredict-
able, so the higher the number of 
clones screened, the greater the 
chance of discovering a rare, very  
productive cell line. At the same  
time, to keep cell line development 
economical, it is important to rely on  
a cell line system which consistently 
delivers good clones, thereby limiting 
the number of clones to be screened 
to a minimum.

Effective screening strategies can  
require several rounds of optimization 
and cause significant delays in process 
development. Once a few efficient 
clones have been identified, multiple 
assays should be carried out to fully 
characterize each before selecting the 
best performing clone. Performing 
these assays requires a range of  
expertise and can be labor- and time- 
intensive.

Clone selection should also be  
performed under representative  
conditions compared to production 
scale, ensuring reliable performance 
under a controlled bioreactor  
environment. For example, shake  
flasks can select clones that perform 
better under low dissolved oxygen or 
poor pH control, conditions unlikely  
to be present in bioreactor cultures.
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Early Characterization 
and Optimization

Once screening and clone selection is 
complete, the selected clone (or a few 
clones) must be expanded and fully 
characterized. The biologics produced 
should be subject to comprehensive 
analysis using orthogonal methods to 
demonstrate safety, purity and efficacy.

In addition to standard safety, functional, 
and phenotypic assays, biosimilar 
products must undergo further testing 
to establish comparability to the inno-
vator product and confirm the absence
of clinically-relevant differences. It is also 
important to maintain the consistency 
of the manufacturing process; any 
fluctuations in cell growth conditions 
can significantly affect the quality of 
the product.

Comprehensive characterization of a 
reasonable number of innovator lots 
requires the use of diverse assays, 
each providing different information 
about the product’s properties and 
biological function. These analyses 
are likely to involve the use of multiple 
instruments, platforms, and methodol-
ogies. Additionally, evaluating the  
features and quality of the product  
requires analysis and integration of 
datasets from different technologies. 
This demands significant expertise 
across multiple disciplines, which 
might be unattainable for small  
biotech companies. Finally, repeated 
sampling also creates opportunities  
for errors, inconsistencies, and  
contamination of the cell cultures  
and products.
  
 

Scalability

One of the most significant obstacles 
during the production of biologics is in 
scaling up procedures to accomplish 
commercial manufacturing. Making 
decisions using scale-down models 
that might not represent the conditions  
at larger scales can be a barrier to  
successful commercialization.

Additionally, scaling up usually  
involves transferring the process to  
intermediate scales and substantial 
optimization at each scale, which  
is costly and can be a source of  
significant delay.

Logistics

As well as the technical challenges,  
cell line development exhibits several 
logistical complexities. An important 
consideration that must be made early 
during process development is whether 
the organization has the capacity to 
establish and test new cell lines, and if 
so, what technology platforms they will 
require.

Developers must assess whether it is 
efficient and economical to carry out 
the entire process from start to finish 
in-house or if outsourcing some steps 
may be more productive and cost- 
effective.

Cell line development and maintenance 
require facilities with high quality  
standards. Full GMP-compliance is 
not required up to research cell bank 
(RCB) stage and therefore, the quality 
management system should be  
designed in a GMP-like style, keeping 
as much of the GMP quality standards 
while reducing the cost to an economic 
range. Once the RCB is expanded into 
the Master and Working Cell Bank 
(MCB, WCB), full GMP-compliance is 
absolutely inevitable and should not 
be compromised. In order to balance 
out benefits and cost of quality systems 
during the different stages, cell line  
development requires dedicated teams 
with the necessary skill set to manage 
and monitor operations according to 
the required regulatory standards.
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Cell Line Development 
Facts & Figures

The global cell line
development
service market is
expected to reach
$1.7 billion in revenue
by 2028.

North America
is expected
to command
over a third of
the market share.2019 2020

650 700
790

1,700

2021 2028

CLD Market [$MN] / Year

Rest of the World

North America

Europe

Cell line
development is a
time-consuming

process – GMP
grade cell lines

are typically
developed in
12-18 months.

62 of the 71 newly approved biopharmaceutical  
active ingredients in the last four years were  
recombinant proteins and of those, 84% were  
made using mammalian cells.
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Transgenic

Yeast

Bacteria

Mammalian Cells

84%

62

9

Biologics Type

Cell Line

Large
(500 employees)

Small 
(20 employees)

0 50,000 100,000 150,000 200,000

GMP certification can be pricey –  
for small biotechs (<20 employees), the 
FDA estimates initial costs of around 
$26,000, plus $46,000 annually.
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Overcoming The Obstacles 
There are various solutions that small- and medium-sized biotech companies  
can explore to reduce the risks associated with biologics development. Potential 
actions could include outsourcing some aspects of the project to external  
organizations with the necessary expertise to meet developer needs quickly.  
Other solutions could be implemented in-house and involve investing in advanced  
technologies and characterization services in commercial biologics production.

Established Cell Lines

Using an established expression  
platform can significantly reduce  
your project timelines and limit some  
of the uncertainties associated with  
biopharmaceutical development.
An example of such a platform is the 
Sartorius 4Cell® Cell Line Development 
system, a scalable, versatile biologic 
production platform with its own fully- 
defined media system offered by  
Sartorius.

Specialized cell lines limit the need for 
iterative optimization of a new cell line; 
they are designed to reduce variability 
and maximize yields and efficiency  
and significantly reduce development 
timelines. For example, the Sartorius 
4Cell® CHO Platform Cell Line  
Development technology allows  
developers to progress from DNA to  
research cell banks in as little as 9 weeks  
and facilitates direct scalability from 
small scale to large scale production.

Additionally, established cell lines will 
have a fully traceable history and a 
demonstrated track record of successful 
projects, giving developers confidence 
in their cell line development project.

Efficiently developing a reliable cell  
line requires a robust technology and 
significant expertise. Getting to such a 
technology can take years, impeding 
speed to market. 
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of the inserted genetic material while 
minimizing any secondary effects on 
the host cells. They should also allow  
efficient expression of different molecule 
types, i.e. monoclonal antibodies and 
derivates consisting of two genes but 
also other types with only one gene.

Early investment in a cell line develop-
ment service eliminates the need for a 
trial-and-error approach and could be 
more economical in the long run.
Purpose-built cell lines can be accessed 
by outsourcing some or all of the devel-
opment process to an external company 
such as Sartorius. These services are  
run by expert scientists with experience 
in dealing with expression platforms for 
large, complex molecules, which are 
often challenging to express.

To avoid these obstacles, users can  
attain the 4Cell® CHO Platform CLD  
License to produce their biologic  
in-house. The 4Cell® CLD Technology  
is a plug-and-play system designed to 
simplify cell line development, with 
comprehensive support provided 
throughout the project.

 

Established Vectors

In addition to an established cell line, 
using adapted and optimized expression 
vectors can streamline upstream  
process development when developing 
a cell line. Sartorius’ 4Cell® CHO platform 
utilizes expression vector systems which 
have been carefully designed to  
facilitate enhanced, stable expression 

External Cell Line 
Development
Developers should carefully consider 
their capacity for commercial-scale, 
regulatory-compliant production before 
beginning cell line development.  
Regulatory agencies will always ask for 
the same type of evidence, i.e. proof  
of cell line traceability, assurance of 
monoclonality and a risk assessment  
regarding TSE | BSE contamination.  
In some cases, outsourcing the most 
time-consuming or operationally  
challenging parts of the project can  
be the best option, giving developers 
access to the latest technology and  
expertise without the associated  
logistical and regulatory challenges.
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High-Throughput |  
Automated Technologies 
High-throughput, automated solutions 
for cell line development and expansion,  
such as the CellCelector Flex image- 
based cell retrieval platform and Ambr® 
multi-parallel bioreactor, can save  
significant time and resources (5).  
Such systems allow high-throughput, 
fast generation of monoclonal  
production cell lines. At the same  
time, they facilitate screening under 
physiologically-relevant conditions 
within a scalable platform early on in the 
development process, incorporating 
process development and quality by 
design (QbD) principles, shortening 
timelines, and reducing risk at later 
stages.

The CellCelector nanowell-based  
single cell and colony picking platform 
simplifies the single cell cloning work-
flow as cell lines are produced in one 
round while providing in-process,  
image-verified monoclonality proof  
and viability assessment.  

The Ambr® 15 provides reproducible 
conditions for up to 48 parallel cultures 
in a single run, and the integrated  
analyzers allow users to seamlessly  
track and record their cultures to facilitate 
efficient optimization. Automated  
platforms also enhance the scalability  
of the production process; conditions 
are consistent between scales, allowing 
you to make more informed predictions 
about your strategy as you scale up to 
commercial manufacturing (6).

Another bottleneck in the cell line
development workflow is preparing cell 
culture samples, which usually requires 
clarification and/or purification which 
can be manual and time-consuming.  

 
However, biotech companies will  
need to carefully design their platform 
to facilitate smooth transfer between  
facilities in later stages.

Outsourced cell line development has 
grown in popularity (4), and developers 
now have a considerable choice when 
selecting the service that best matches 
their needs. A suitable service partner 
will have an established track record at 
delivering successful cell lines for  
protein production and will provide  
access to significant expertise in cell 
line generation.

The 4Cell® Cell Line Development  
platform from Sartorius provides services 
from vector cloning, transfection, initial 
clone selection up to research cell bank, 
including protein characterization and 
biosafety testing meaning you do not 
have to invest in the facilities, reagents, 
and labor hours needed to select and 
expand the best cell line in the optimal 
conditions for your production process. 
Moreover, the GMP-compliant cell 
bank manufacturing site can provide 
fully characterized Master Cell Banks 
within 5 months. Such comprehensive 
solutions allow you to streamline the 
cell development process and reduce 
your time to market.

The StreamLink® CC 15 is an automated, 
high-throughput system that performs 
one-step clarification and purification 
of 5 – 15 mL culture samples, drastically 
reducing manual processing time and 
increasing data consistency.

Consolidated platforms reduce the 
need to install and master several  
technologies. An integrated suite of 
technologies works smoothly together, 
supporting progress from the beginning  
to the end of the project. 
Integrated analytics, such as automated 
cellular and metabolite analysis, and 
data analysis, such as the Umetrics® 
Suite for DoE and Multivariate Data 
Analysis (MVDA) data analytics software,  
provides further control over processing 
and analysis, empowering users with an 
abundance of high- quality data in a  
user-friendly interface. These features 
enable greater process understanding 
and guide informed decision-making.

Traditional methods of analysis, such as 
ELISA, are useful in assessing product 
titer but generate limited information 
on each clone’s critical productivity  
attributes. Advanced technologies, like 
the iQue® Advanced Flow Cytometry 
Platform, provide deeper insights to  
facilitate the ranking and selection of 
production clones with rapid and simul-
taneous evaluation of titer, productivity, 
and cell viability (7). Clone ranking can 
change dramatically when all these  
attributes are considered (8).

While expression level analysis like titer 
screening is carried out early in cell line 
development, other CQAs, such as  
glycan characterization, are often only 
assessed later in the development  
process due to a lack of appropriate and 
high-throughput analytical techniques 
that can be used to perform rapid 
screens.
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Sartorius offers pre-determined cell line 
characterization packages designed to 
comprehensively analyze your cell line 
in accordance with ICH regulatory 
guidelines. Ready-to-use packages  
include a range of assays and can  
be customized to fit the needs of any 
project.

The use of advanced, label-free detection  
systems accelerates comprehensive 
molecule analysis. For example, the 
Octet® platform uses Bio-Layer  
Interferometry (BLI) to detect real-time 
binding of molecules as a means of 
quantification or for kinetic analysis.  
The ability to measure protein titer  
and glycosylation in crude cell culture 
supernatant in real-time brings  
confidence in clone selection and 
streamlines the workflow.

Ultimately, integrated, automated  
technologies simplify and accelerate 
your cell line development towards  
process optimization and reduce  
variability in your production process.

Cell Line Characterization
Packages
Cell line characterization should be c 
arried out throughout the drug devel-
opment process to ensure biosafety 
regulations are met and that the  
product is behaving as expected.

To avoid the expense of installing and 
acquiring proficiency in multiple
technologies, many biotech companies 
often employ external service providers 
to carry out all the necessary analysis to 
ensure their cell banks meet regulatory 
requirements and can be released.
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Making process decisions with the limited information  
available at the early stages is challenging. However, a  
robust design, as well as time and capital investments, can 
maximize efficiency in the long run. Effective risk-management  
strategies include early process and product characterization, 
utilizing external expertise, and taking advantage of purpose- 
built technology and services.

Adoption of automated and high-throughput platforms from 
the beginning of a biotherapeutics project development can 
streamline optimization strategies in a traceable way. This can 
significantly improve cell line development efficiency by  
facilitating the assessment of multiple parameters in parallel, 
with conditions maintained from research scale to commercial- 
scale production.

Whether you need instruments, consulting, or tailored  
development and testing services, partnering with Sartorius 
can accelerate your cell line development and ensure a 
smooth transition to commercial manufacturing. 

Robust Cell Line Development  
Requires Well-Informed Decision-Making

The challenges of biopharmaceutical development  
mean projects are often associated with significant risk.  
Potential hurdles include technical challenges due to  
the complex nature of biologics and logistical issues as  
a result of material requirements.

Developers want to establish robust and reliable pipelines 
that reduce their time to market while keeping costs low.
However, the timelines and expenses budgeted are often 
not realistic. To speed up process optimization, they  
require rapid access to high-quality data to inform  
decision-making.

    For more information, visit  
www.sartorius.com/cld

http://www.sartorius.com/cld


13

Author Bio

Fern Slingsby
PhD, Product Specialist - Ambr®,  
Sartorius

Fern Slingsby has been working for 
Sartorius since 2018. She obtained her 
undergraduate degree in Molecular 
Biology from Queen Mary, University 
of London, and her PhD from the 
Medical Research Council (UK) |  
University of Edinburgh. 
 
Fern has over 18 years of experience  
in recombinant protein production and 
upstream development. Her background 
includes six years as a project leader 
and program manager of biopharma-
ceutical cGMP manufacture from 
pre-clinical to clinical phase I, II, and III.  

At Sartorius, Fern supports customers 
through incorporating high-through-
put technologies into cell line and  
process development, focusing on 
Sartorius’s Ambr® technology and  
integrated platforms. 

Katy McLaughlin 
PhD, Scientific Content Writer,  
Sartorius 

Katy is part of the Marketing  
Communications team at Sartorius, 
where she supports the creation of  
a variety of written pieces, from  
published articles to web content. 

Before joining Sartorius in 2021,  
Katy was employed as a Post-Doctoral  
Research Associate at the University of 
Edinburgh, where she also completed 
her doctoral studies. Here, she carried 
out research in genetics and cellular 
biology and began taking on writing 
projects, eventually entering into a  
career as a freelance writer for various 
biotech companies and agencies. 

References
1.  Johnson, D. E. (2018). Biotherapeutics: Challenges and opportunities for predictive toxicology of monoclonal antibodies.  

In International Journal of Molecular Sciences, 19(11), 3685. https://doi.org/10.3390/ijms19113685

2.  Zhu, J. (2012). Mammalian cell protein expression for biopharmaceutical production. Biotechnology Advances, 30(5), 1158–1170.  
https://doi.org/10.1016/j.biotechadv.2011.08.022

3.  Dumont, J., Euwart, D., Mei, B., Estes, S., & Kshirsagar, R. (2016). Human cell lines for biopharmaceutical manufacturing: history, status, and future 
perspectives. In Critical Reviews in Biotechnology, 36(6), 1110–1122. https://doi.org/10.3109/07388551.2015.1084266  |   
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7161873/  |  https://www.nature.com/articles/s41587-020-0507-2

4.  Moleirinho, M. G., Silva, R. J. S., Alves, P. M., Carrondo, M. J. T., & Peixoto, C. (2020). Current challenges in biotherapeutic particles manufacturing. 
Expert Opinion on Biological Therapy, 20(5), 451–465. https://doi.org/10.1080/14712598.2020.1693541 

5.  Rameez, S., Mostafa, S. S., Miller, C., & Shukla, A. A. (2014). High-throughput miniaturized bioreactors for cell culture process development:  
Reproducibility, scalability, and control. Biotechnology Progress, 30(3), 718–727. https://doi.org/10.1002/btpr.1874 

6.  Hsu, W. T., Aulakh, R. P. S., Traul, D. L., & Yuk, I. H. (2012). Advanced microscale bioreactor system: A representative scale-down model for  
bench-top bioreactors. Cytotechnology, 64(6), 667–678. https://doi.org/10.1007/s10616-012-9446-1 

7.  Sartorius (2018) Analytical Power Tools Open Upstream Bioprocessing Bottlenecks.  
[Whitepaper] https://www.sartorius.com/en/pr/mab/analytical-power-tools-open-upstream-bioprocessing-bottlenecks 

8.  ForteBio. (2019). Cell Line Development: Accelerating Antibody Discovery By Monitoring Titer And Glycosylation With The Octet Platform [Whitepaper] 



Specifications subject to change without notice.
© 2023 Sartorius Stedim Biotech GmbH, August-Spindler-Strasse 11, 37079 Goettingen, Germany
Status: 01 | 2023

Germany
Sartorius Stedim Biotech GmbH 
August-Spindler-Strasse 11 
37079 Goettingen
Phone +49 551 308 0

Sartorius Stedim Cellca GmbH
Marie-Goeppert-Mayer-Straße 
89081 Ulm

USA
Sartorius Stedim North America Inc. 
565 Johnson Avenue 
Bohemia, NY 11716
Toll-Free +1 800 368 7178

    For more information, visit  
www.sartorius.com


