In Focus

Mammalian cell cultures
Currently mammalian cultures are offering almost limitless application from the manufacturing of various cell products (monoclonal antibodies, cytokines, signalling proteins, stem cells for cell
therapy, engineered viruses) to pharmacology research (including
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standing their action).

General features of mammalian cell cultures
Traditionally large-scale mammalian cell cultures were difﬁcult to
handle (contamination issues, complex nutrients requirements
and shear sensitivity and therefore the need for specialised equip-

There is increasing demand worldwide for high-quality

ment and processes resulting in high cost) especially when com-

complex proteins for treating diseases and for clinical and

pared to microbial cultures (refer to Table 1 to compare mammalian

pre-clinical studies involving recombinant proteins, vac-

and bacterial cells). This, combined with relatively slow growth

cines, and monoclonal antibodies, many of which are the

(typical doubling times are in the range of 14–32 h) and the

products of mammalian cell cultures. Biologics or protein-

requirements for increased environmental control (cleanliness of

based drugs had a global market over US$200 billion in

workplace, reagents, etc.) makes them less attractive when one

2016, with eight of the top 10 selling drugs with a combined

wants to establish an industrial process. However, their ability to

global sales over US$55 billion produced using mammalian

produce complex recombinant glycoproteins identical to their

cell cultures1,2. Recombinant proteins are also signiﬁcant

wild-type counterpartsa makes them the number one choice over

global economic drivers of both vaccine and biomarker

bacterial, yeast or insect cultures7,8.

development. In addition, it is estimated that more than
half of the Australian biotechnology companies are utilising
mammalian cell culture or their products3.

Genetic engineering for mammalian cultures
While general molecular and cell biology has similar tools and

The general principles and methods to handle and genetically

methods available to create and manipulate mammalian cells when

manipulate mammalian cells are closely related to microbial

compared to microbial cells, the level of complexity is much higher

systems, for example scale-up, equipment and vector design, so

and thus requires greater efforts. These days the complexities of

a brief comparison of their attributes to traditional microbial

mammalian gene regulation are well understood, which allows the

systems is warranted.

assembly of sophisticated gene constructs that enable high levels of
recombinant protein biosynthesis/expression following delivery

Brief history

into host cells9. Transient transfection refers to a process by which

While mammalian cell culturing, often referred to as tissue culture,

plasmid vectors carrying the gene of interest are introduced into

has over a 70-year history, it moved from exploratory research to a

mammalian cells, typically human embryonic kidney (HEK293) and

well-established technology only four decades ago. Advances in

Chinese hamster ovary (CHO) cells, and culture is continued for

molecular and cell biology, combined with gene technology and

a relatively short period (9–11 days) to allow the recovery and

bioengineering, transformed laboratory-scale mammalian cell cul-

characterisation of the encoded protein. Stable transfection refers

tures to an economical industrial process. A few examples to

to an approach where drug selectable markers, for example genes

illustrate this transformation include the ﬁrst large-scale suspen-

encoding the enzymes dihydrofolate reductase (DHFR) or gluta-

sion cultures in 1963, the production of monoclonal antibodies

mine synthetase (GS), are included on the plasmid vectors; this

using hybridoma technology starting in 1975 and the industrial

allows the small percentage of cells that take up and integrate

4

scale culture of genetically engineered cells from the early 1990s .
a

plasmid DNA into a chromosome to be selected for by growth in the

Correct post-translational modiﬁcations including the formation of di-sulphide bridges for proper folding and glycosylation, are essential for biological
activity.
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Table 1. Comparing typical features of mammalian and bacterial cells.

Table 2. Examples of typical operating parameters for mammalian and
bacterial cells.

Feature

Bacteria

Mammalian

Genome

Simple

Complex

Size/diameter

1–2 mm

12–16 mm

Sensitivity (shear)

Low

High

Shear protectant

No

Pluronic F-38

Ability to produce
complex proteins

LimitedA

Fully capable

Media formulation

Simple

Complex

pH control

Typical doubling
time

0.3–2 h

14–36 h

Length of feedbatch
fermentation

1–2 days

12–21 days

Media formulation

Simple

Complex

Use of antibiotics

Common

To be avoided

Product ends up

CytoplasmB

Secreted

Cell mass (dry
weight)

15–35 g/L

0.5–5 g/L

Product conc.

0.1–10 g/L

0.1–5 g/L

Formation of
endotoxins (ET)

Yes

No

Parameters

Mammalian

Bacterial

Stirring speed

30–150 rpm

300–1200 rpm

Tip speed

0.2–1.2 m/s

0.8–4.0 m/s

Gas sparging

0.02–0.2 VVM

0.2–10 VVM

Gases used

Air, O2, CO2, N2

Air, N2 (O2)

kLa capacity

5–50 1/h

30–350 1/h

Gentle, often CO2

Chemicals

Temp. control

Heating jacket

Jacket/c. fingers

Use of baffles

Limited

Typical

H/D ratio

1.8–2.0

2.0–3.0

Max. culture vol.

2–10 m3

Up to 50 m3

ratio) for large-scale cultures but even the general handling of the
cells, including scale-up and storage4. For example, long-term
storage of mammalian cells requires liquid nitrogen tanks and
optimised procedures including the correct choice of freeze-mix
and controlled freezing methods11. Table 2 lists a number of typical
operational parameters for consideration.
Traditionally scale-up of mammalian cell cultures started with Petri

A

Recent genetic engineering advances created/improved the glycosylation
abilities of certain bacterial and yeast cells5.
B
Some bacterial (E. coli ) lines were engineered to allow secretion of the
product6.

dishes, T-ﬂasks, roller bottles and spinner ﬂasks. Larger-scale (5L
and above) cultures were run in glass or stainless-steel bioreactors4.
The recent advances in bioprocessing techniques combined with
the increased pressure to decrease cost of goods by creating multi-

presence of toxic drugs, such as methotrexate in the case of
DHFR. This approach allows for the isolation of stably transfected,
clonal cell lines that produce high levels of target proteins. Furthermore, increasing the concentration of the selective drug in the
cell culture can actually amplify the number of copies carried at a
particular chromosomal location, resulting in increased productivity. This platform technology, using predominantly CHO cells

product facilities while minimising potential cross contaminations
endorsed the use of single-use systems for both small and largescale (normally up to 2000 L) cultures12. Table 3 lists the most
common vessels used for the scale-up of mammalian cell cultures
today. In Australia a number of vendors sell these systems, e.g.
Thermo Fisher, Corning, Nalgene, Greiner, Eppendorf, Infors,
Millipore, Pall, Sartorius, Applicon and GE Healthcare.

and, to a lesser extent, the mouse myeloma cell lines NSO and
Sp2/010, is the most commonly used approach for the industrial
scale production of complex biologics for therapeutic use.

Future trends
Nowadays large-scale mammalian cell cultures are well established
techniques for the production of biologics in the pharmaceutical

Scale-up requirements for mammalian cultures

industry. During the past two decades processes were streamlined

As mentioned above, mammalian cells are highly shear sensitive

and with the wide use of Process Analytical Techniques (PAT) and

when compared to bacterial cells as they lack a robust cell wall and

Quality By Design (QbD)8 principles, yields and consistency of

are covered by a relatively sensitive phospholipid bilayer mem-

the production runs were substantially increased. This, combined

brane. This normally limits not only the operational parameters

with the recent introduction of single-use systems, increased

(stirring speed, gas sparging: oxygenation, pH control, vessel H/D

both production capacity and ﬂexibility of the pharmaceutical
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Table 3. Typical features of commonly used vessels for scaling up mammalian cell cultures.

Vessel features

Shaker flasks
(or e-flasks)

Various spinner
flasks

Rocked systems
(Wave bags)

Stirred tanks
(single-use)

Typical prod. scale

0.2–10 L

0.5–30 L

10–100 L

10–2000 L

Set-up cost (US$)

20–60 K

10–15 K

20–50 K (up to 25 L)

35–70 K (up to 50 L)

Handling

Easy

Average

Average

Difficult

Yield/Quality

Low

Average

Average/high

High

companies. As a consequence the cost of goods were greatly
reduced, for example typical monoclonal antibody production cost

6.

Kotzsch, A. et al. (2011) A secretory system for bacterial production of highproﬁle protein targets. Protein Sci. 20, 597–609. doi:10.1002/pro.593

7.

Wurm, F.M. (2004) Review: production of recombinant protein therapeutics
in cultivated mammalian cells. Nat. Biotechnol. 22, 1393–1398. doi:10.1038/
nbt1026

8.

Mammalian Cell Cultures for Biologics Manufacturing (2014) Advances in
Biochemical Engineering/Biotechnology 139 (Zhou, W. and Kantardjieff, A. eds)

9.

Khan, K.H. (2013) Gene expression in mammalian cells and its applications. Adv.
Pharm. Bull. 3, 257–263.

should be less than US$300/g13.
As governments introduce more cost-cutting measures in healthcare, pharma companies are under constant pressure to further
reduce prices. This, combined with the expiry of several patents
covering blockbuster therapeutic antibodies such as Humira,
Remicade, Rituxin and Herceptin, has accelerated the
development of biosimilars (or follow-on biologics), which in turn
will increase competition and the prospect of increased process

10. Walsh, G. (2014) Biopharmaceutical benchmarks. Nat. Biotechnol. 32, 992–1000.
doi:10.1038/nbt.3040
11. Ryan, J. (2004) General Guide for Cryogenically Storing Animal Cell Cultures.
Corning Life Sciences Technical Bulletin: https://www.corning.com/media/
worldwide/cls/documents/t_cryoanimalcc.pdf

optimisation for mammalian cell cultures14.

12. Shukla, A.A. and Gottschalk, U. (2013) Single-use disposable technologies
for biopharmaceutical manufacturing. Trends Biotechnol. 31, 147–154.
doi:10.1016/j.tibtech.2012.10.004
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