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Abstract Suspension culture technology involves suspending cells in a culture medium, which is uti-
lized for virus propagation or protein expression. This technology is often utilized for purposes such as virus
proliferation or protein expression. It has several advantages, including scalability for scale-large cell culture,
high expression levels of target products, high quality of products and advantage for industrial application. Vari-
ous cell types have been successfully adapted to suspension cultures through the use of suitable bioreactors, mi-
crocarriers, and serum-free media. These cells are currently being utilized in a range of applications, including
inactivated virus vaccine production, recombinant proteins and cell therapy. This review provides an in-depth
analysis of mammalian cell suspension culture domestication technology and its applications in the fields of in-
activated virus vaccines, recombinant proteins, and cell therapy. By providing insights into the development and
application of suspension culture technology, this review aims to serve as a valuable resource for researchers in
this field.
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Table 1 Types of bioreactors
G/ VA sl S LVIEN PR B EE BTN
Types of bioreactors Culture method Advantage Disadvantage Reference

Stirred tank bioreactor

Airlift bioreactor

Wave bioreactor

Perfusion bioreactor

Turbulent bioreactor

Hollow fiber bioreactor

Using the external stirring Easy to operate and monitor, suitable for

power method, the liquid will ~ mass production
be driven to stir, to achieve
the cell culture in suspension
conditions

Utilizing gas vapor, in Strong resistance to external microbial
conjunction with bioreactor contamination and good airtightness
operation, the vapor force

of the gas mixture is used to

cultivate cells

Mixing and oxygen dissolu- Protected from shear damage
tion by means of wave oscil-

lations

Replenish nutrients consumed  Continuous supply of nutrients and

by cells during growth and removal of wastes to maintain a stable
production and excrete meta-  culture environment

bolic wastes

Generates turbulent dissolved ~ Protected from shear damage
oxygen molecules through

mechanical oscillation,

without the use of stirring or

aeration methods

Hollow fibre membrane Prevents shear damage to cells, efficient

technology is used to achieve  substance exchange, suitable for a wide

the exchange of material range of cells

Shear forces have a large

impact on cells

In high-density culture, the
cells are not mixed uni-
formly enough, plus the use
of gas as a power source
makes the operation more
complicated

Scaling up is harder and
more costly

Complex equipment op-
eration, high maintenance
costs, high media quality
requirements

Single-use, low material du-
rability, limited volume, not

suitable for mass culture

Complexity of equipment
operation, high equipment

and maintenance costs, cel-

(3]

between the cells and the
culture medium through
capillary-like cartridges. Cells
are cultured inside the fibres,
while the micro hollow tubes
are responsible for transport-
ing nutrients and removing

metabolic waste

lular and metabolic wastes
may settle on the membrane
leading to membrane clog-

ging
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Table 2 Microcarrier material properties

[pEEs e REE

Microcarrier material Features

SCHRACUR

Reference

Polysaccharides

Polysaccharides possess excellent biocompatibility and biodegradability, which typically [23]

facilitates cell adhesion and proliferation. They can be fabricated into microcarriers through

various methods, such as emulsification and thermally induced phase separation techniques.

However, the efficiency of cell detachment is relatively low, impacting the automation of

the process and the associated costs

Protein-based microcarriers

Protein-based microcarriers possess high biocompatibility, controllable biodegradability, [24]

optimized porous structures to facilitate cell adhesion and proliferation, and tunable physi-

cochemical properties to accommodate the cultivation requirements of various cell types

Synthetic polymer microcarriers

The material offers predictable degradation rates and controllable physicochemical proper- [25]

ties. It can be fabricated into a porous structure through specific processes to enhance cell

adhesion and diffusion. The robust structure facilitates fixation and support, making it suit-

able for high-density cell culture, although scaling up the process presents challenges

Magnetic microcarriers

Incorporating magnetic materials with biocompatible polymers, these constructs enable [26]

precise cell manipulation and tissue assembly under the guidance of an external magnetic

field

Self-healing microgels

These certain microgels, such as PCB (polycarboxybetaine) microgels, possess self-healing  [27]

capabilities and can rapidly reorganize through supramolecular interactions, providing a

microenvironment akin to the extracellular matrix for cells

Thermo-responsive microgels

These microgels can alter their physical properties in response to temperature changes, [28]

facilitating thermo-responsive cellular reactions and drug release
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Table 3 Suspension cell lines for virus propagation

Suspension cells Virus References

MDCK (Madin-Darby canine kidney) cells Influenza A virus [37]

BHK-21 (baby hamster kidney-21) cells Foot-and-mouth disease virus [38]

MDBK (Madine-Darby bovine kidney) cells Bovine herpesvirus-I [39]

Vero (Verda reno) cells Rabies virus, poliovirus, encephalitis B virus, pseudorabies virus, porcine  [40-45]
epidemic diarrhea virus, Newcastle disease virus

ST (swine testis) cells Rotavirus, pseudorabies virus [46-47]

PK (porcine kidney) cells

Porcine delta coronavirus, porcine circovirus

[48-49]
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