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About FiberCell Systems Inc.

➢ Founded in 2000 by John J.S. Cadwell, President 

& CEO

➢ Over 25 years advancing hollow fiber bioreactor 

technology

➢ Supported by 500+ peer-reviewed 

publications from scientists worldwide

➢ Trusted leader in laboratory-scale hollow fiber 

bioreactors
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Outline

* Historical Perspective

* Histocentric Principles of Hollow Fiber 

Bioreactors

* In vivo-like examples (MSC and HAFSC)

* EV Harvests: Do the impossible, see the 

unseeable

* Evolution and outer space…….
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Cell Culture Through the Ages
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“Feast or Famine”
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Not very physiologic!



Hollow Fiber Culture of CHO Cells, 

pH Changes

Homeostasis
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What is a Hollow Fiber Bioreactor (HFBR)?

9

Hollow fiber was 3-D 

before 3-D was cool!

A 3-D Bioreactor for High-Density Cell Culture

Composition: Thousands of porous, semi-permeable capillary fibers in a 

cartridge.

Cell Residence: Cells grow in the extracapillary space (ECS), bound to 

the porous fibers.

Media Flow: Culture medium is pumped through the lumen of the fibers.

Exchange: Nutrients diffuse out; waste products diffuse in.

Product Retention: Secreted products (proteins, exosomes) are 

concentrated in the ECS.
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Principles of Histocentric Hollow Fiber 

Bioreactors
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Histocentric Bioreactors recreate the in vivo 

microenvironment while allowing cell physiology to 

develop over time. 2-D, 3-D and now 4-D cell culture.

• Biological Mimicry

• Controlled Environment

• Dynamic Culture

• Cell Derived Microenvironment

• Compatibility With Various Cell Types

• Long Term Culture
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Key Advantages of Histocentric HFBR
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-Extremely high surface area/volume permits high 

density cell culture.

-Cells are bound to a porous support, not a non-

porous 2-D flask.

-The molecular weight cut off (MWCO) of the fibers 

retains and concentrates secreted products.
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Illustration of how cells grows in vivo compared to HFBR

Histocentric Bioreactor attempts to recapitulate the in-vivo microenvironment.

Q: How many different medias are there in the human body?
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Best for collecting secreted products!

Illustration of how cell grow at high density
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HFBR In the Laboratory
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+ Fits in any standard sized 

incubator

+ Gas controlled by incubator

+ Temperature controlled by 

incubator

+ Thin cord for power
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Working with HFBR In the Laboratory
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+ Moves easily into hood

+ Good sterile technique always 

a plus

+ Maintenance only 15 minutes 

per day

+ Harvest product and measure 

glucose consumption
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Advantages of Hollow Fiber Cell Culture

• Concentrated product

• Uniform and complete post-

translational modifications

• Low apoptosis, less 

contamination with 

intracellular proteins and 

DNA

• Protein free medium (CDM-

HD) contains no surfactants

• Consistency of production 

over many months 
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Plastic Waste Generated by 1x109 Cells
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3-D 

Examples…
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Recombinant Protein Production
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+ Both suspension and 

adherent cell types

+ 100x+ higher concentration

+ Easily adapt to SFM

+ Can provide improved 

protein folding
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Journal of Biological Chemistry, Sept 2007

20

Hexeramized IgG

6 IgG1 subunits 

held together with 

3 IgA tails. Fv

region substituted 

with CD4 

receptor to cross-

link HIV and 

inactivate it. 
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Cryptosporidium

21

Intestinal Epithelial cells 

cultured in 3-D perfusion 

hollow fiber bioreactor 

demonstrating polarity 

and microvilli.
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Primary lung tissue 

inoculated as a single 

cell suspension and 

supported by CDM HD.

Dr. Akhil Srivastava, U. Missouri
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Exosome Cell Culture Conditions Affect EV 

Composition

23



Pulsatile Perfusion of Placenta



Placental Co-Culture



Harvest vs. Flask

Phenotype ECS Harvest Flask

CD 45 4% 1%

CD 34 0% 0%

CD 133/2 2% 0%

CD 31 3% 48%

CD 13 6% 83%

CD 105 43% 99%

CD 73 18% 99%

CD 90 5% 96%

CD 14 23% 4%

NANOG 0% 0%
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Cells Harvested from HFBR & Placed 

in a Flask
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MSCs are plastic adherent fibroblastic cells with the “trilineage 

potential” of osteogenic, chondrogenic and adipogenic

differentiation capabilities. Furthermore, they express the cell 

surface markers CD73, CD90, and CD105, and do not express 

haematopoietic and endothelial antigens (CD14 or CD11b, CD19 

or CD79α, CD34, CD45, HLA-DR)

Dominici M, Le Blanc K, Mueller I, et al. et al. Minimal criteria for defining multipotent mesenchymal stromal 

cells. The international society for cellular therapy position statement. Cytotherapy. 2006;8(4):315–317
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What are MSC?
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MSC in 2-D Culture
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MSC in 3-D HFBR

MSC do not proliferate in the 3-D HFBR
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Showing formation of Spheroids
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MSC in 2-D After 3-D
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Scale-up Options in 3-D Cell Culture
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From 

Impossible to 

3,000 Doses a 

Month. 
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What is it? 

See the Unseen!

One week EV harvest of 

EVs from DiFi cells. 

Can produce GRAM 

quantities of EVs



HPL  Back to Chang ☺

Filtered ES-FBS (30KD, 1/8) ☺

Fujifilm a-MEM 

Regular FBS 

RoosterBio ☺☺☺
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Data courtesy of Dr. Laura Perin and Paolo Neviani, 

Children’s Hospital, Los Angeles.

110 Days Continuous Production of EVs from 

HAFSC
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Summary

39

• Hollow fiber bioreactors are the method of choice for the 

culture of 109 to 1011 cells

• Can produce gram quantities of exosomes

• Concentration of 100x higher than with conventional 

methods

• The most in vivo method for culturing cells over long periods 

of time

• Suitable for cGMP production

• Permits use of FBS without endogenous EV contamination

• Enhanced bioactivity

• Saves time, space, purification costs



FiberCell Systems HFBR in Space
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Thank you.

42



TrypLE 20 min, spin, plate

Conclusion: 

There are indeed spheroids in the FiberCell bioreactor

Cell Harvest After 65 Days of Culture



TrypLE 20 min, spin, plate

Conclusion: 

Spheroids spread and cells migrate and proliferate

Cell Harvest After 2 Days of Culture
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Thank you.
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Advantages for Exosome Production

• Large numbers of cells can be cultured in a 

small space

• Secreted exosomes are concentrated

• Continuous production over several months

• Serum can be used without contamination from 

endogenous exosomes

• CDM-HD can be used for cGMP production

• MSC proliferation may be limited

• Easy to apply defined stressor such as 

temperature or anoxia
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