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Abstract

Stem cells are generally capable of both self-renewal and multilineage differentiation, which are

very appealing for regenerative medicine, drug screening, toxicology and other biomedical applications. However,

the actual number of stem cells that can be obtained from available donors is very low. One possible solution for

several generation applications is to scale up the culture of these cells in vitro. This review describes the character-

istics of several bioreactors, particularly recent developments in the cultivation of many different types of stem cells

in bioreactors and considerations regarding critical influencing parameters in bioreactors culture. We expect that this

review will provide updated information focusing on the systematic production of stem cell through using robust

and cost-effective approaches.
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Table 1 Summary of the main characteristics of different bioreactors used for stem cell culture(modified from reference [5])

G /)N AT

Bioreactor configuration

T EGAE

Main characteristics

Versatile system with simple operation and usage

Only allows anchorage-dependent cell culture

Roller bottles Low-cost solution

Concentration gradients are minimized, but still persist

Monitoring and control is possible, but not straightforward

Simple design, homogeneous conditions are achieved

In addition to suspension culture(as cell aggregates or single cells), also allows adherent growth when microcarriers

. . are used
Stirred suspension

Bioreactor operation and sampling are easily performed

bioreactor

Hydrodynamic shear stress due to mechanical agitation can be harmful to cells

Monitoring and control solutions are widely available

Microcarrier bridging and/or cell agglomeration may occur

Disposable system and easily scalable

. High-cost solution
Wave bioreactor

Sampling, monitoring and control are not as simple as with other systems

Contamination issues are minimized and sterilization is not needed, rendering it suitable for GMP operations

Low-shear stress environment and efficient gas transfer

Rotating wall vessel .
Complex system, not easily scalable
High productivities can be achieved

Parallel plates Medium-intensive culture system

Accumulation of toxic metabolic side-products is minimized, but continuous removal of secreted factors may be detrimental

bioreactor
Effects of hydrodynamic shear stress are unknown
Provides 3D scaffolding for cell attachment and growth
. o Spatial concentration gradients(in the fixed bed configuration)
Fixed and fluidized bed
bioreactor

Cell-cell or cell-matrix interactions are possible, providing a better mimic of the in vivo intricate structure

Possible shear stress effects(in the fluidized bed configuration)

Low volumes and difficulties in scaling-up, when compared with other systems
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B FRITHSCHIY 1 AR RETR R110~2015" . feili A A4k
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OB VE R G WA DI B H T AMSCsif 85 7%, 3F H
MSCsg 5 i i OR 35 [ B3 B 40 L 7 1) 93440 B 22 68
AT RIS, X R IR R G0 T SO R SR
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A, I RO A S B2 R e T AR EORAE
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REPY. JE R, ComeSEPIE [ IX AN EW) I B 4 3 %
A GE, FHRETE 22 Gt ) 40 B IS5 A I Aanik '8 77 )
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Table 2 Critical process parameters influencing stem cell expansion and/or differentiation in bioreactors(modified from reference [5])

B3l KEEZH
Variable category Examples of critical parameters

Dissolved oxygen tension is also an important parameter for stem cell cultivation. Hypoxia, or physiologic oxygen tensions,

appears to influence many cellular processes such as stem cell maintenance and differentiation, and therefore the levels of

dissolved oxygen in liquid medium should be precisely monitored and controlled

Physicochemical

Hydrodynamic shear stress can occur at the cell boundary due to fluid movement, thus causing cell physiology damage and

affect cell functions. In stirred bioreactors, hydrodynamic shear stress is due to mechanical agitation of the liquid and to

sparging with air bubbles. Stem cells are especially sensitive to this culture parameter, and therefore it is crucial to control

hydrodynamic shear in bioreactors

Nutrients are important for efficient cell metabolism. Glucose and glutamine are the main sources of energy to the cells,

providing carbon and nitrogen for cell functions, metabolism and biosynthesis

Metabolic waste products, especially lactate and ammonia, may inhibit cell growth and should be tightly controlled

Biochemical

Growth factors and cytokines are signaling proteins that modulate a wide range of cell functions, including self-renewal,

differentiation or survival. For example, LIF and BMP4 can be used in combination to sustain mouse embryonic stem cells in

culture, while a cocktail of growth factors composed of SCF, Flt-3 L and TPO can be used for the ex vivo expansion of HSCs
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