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@ FiberCell Systems Inc. a better way to grow cells

HOLLOW FIBER BIOREACTORS

THE MOST IN-VIVO LIKE
WAY,TO GROW CELLS

= high surface-to-volume ratio
* calls are bound 1o porous support
and not plastic dish

Obtain 100X greater cell culture
productivity than other methods.
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THE FIBERCELL® SYSTEM

The hollow fiber cartridge
used in the FiberCell
System has wavy fibers to
eliminate dead space.

Enlarged cross section showing
only three way fibars.
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Cross secton of cartridge showing the fiber ends
pnl:h:d in pnlrun:ﬂunc so that medium flaws m}}'
through the inside fo the fiber
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LA

o HITREHARRK AL ES” Monoclonal Antibodies:
A4 100 mg-2000 mg Pufd, LLABEFRIMAE = Piik fIu B @ 100 £, AlIAE] 0. 5-
5 mg/mL;

o HHAEHFRIEIESF” Recombinant Proteins:
BERAAEF 1-10 mg HARM, HFr=moisEHMREERBEIFRREI RN 100 £5, Ak
%l 100-500 1 g/mL;

o SFEEFRWZH R T4 Conditioned Medium & Cytokine Production;

o WM/ NN FE RIEASHIR Endothelial Cells/Muscle Cells:
TEAAEN BTG FR N AR [FIR, Al AELR4EANZ 1555 5 — Mgl Can i &7 L4
M) o LFAENRKRIAM ST A 175 B R, — /R HEHZ) 100mg [ RNA =
FErTiE A BT U] KN SN A R AT AR, B N IR R S S I

o TIRSRKRHIE. PURE (B4 HIV/HBV/HCV) LARHISEREEMRN. FaRkE
Pl Bioassays;

o JREPIY: B Virus Production AJAFAHEIT 1-3 X 10" B AL, #H24T 20 PNEIH
) 7 o

o NEYHfuY 1Y 5 SF W 5T Lymphocyte Expansion:
M B FRIRE AT IA 1X 108+/mL;

o IRANEMIFFL ST In Vitro Toxicology;

o JRJEAEEFE Malaria Culture
—RIEFEATUERAR 24 T 60 A T25 R~ & .

o NI #EH Artificial Organ Research;
o TS HMMMIN T MEE FEFRRIBEET

Stem cell and other cultures where extra-cellular matrix and cytokines can
be important.
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%ber_(:ell Systems Inc. a better way to grow cells
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s K Fad HEREMS | AKEE | ECS 5 | MWCO MNVCO | ImiaEk
50% 95% E#E

2025 /b 75 ol Activated PS 3% 15l | 01 pm | 01 um i
C2008 A 2100 cre? low i PG 50% 15 ml 5kd 20kd 10
c201 F 2100 et high fh P3 50% 15 ml 20 kd 100 d 10°
C2003 N 1.2 low e PG 50% 70l Skd 20kd 510"
C2018 * .20t high o P3 0% 70 1l 20kd 100 d S 0%
c2a018 * 1.2 high i P3 50% 70 1l 20kd 100 d 510"
c4005 | ok 2.50f low flux P3 0% 150 mL 5kl 20%kd 10t
Cc4020 | ok | 2507 high iz PS 0% 150 1l 20 kd 100 fard 10"

SMALL Cartridge

4300-C2025 0.1um pore size for the highest exchange rates. Activated fiber sl

for attachment of matrix proteins, cytokines and antibodies. Ideal fiber for )

endothelial cell and hepatocyte culture. o | 4 —

MEDIUM Cartridges

4300-C2008 Low MWCO (5kd@50%) hydrophilic fiber for trapping

smaller molecules. Suggested for recombinant proteins between 25kd

and 100kd. Appropriate for suspension cell lines including CHO, HelLa

and 293. Can support up to 10 9 cells and produce 100pg/mL of g

recombinant protein in 15mL ECS. ‘1 il L]‘

4300-C2011 High MWCO (20kd@50%) hydrophilic fiber for trapping larger molecules, hybridoma culture and
lymphocyte culture. 20kd MWCO allows TGF beta and TNF alpha to diffuse away while retaining antibodies.
Can support up to 10 9 cells and produce 5-50mg of monoclonal antibody every two days. Also used for medium
scale adenovirus production at levels of 1- 5 x 10 12 pfu (plague forming units).

LARGE Cartridges

4300-C2003 Low MWCO (5kd@50%) hydrophilic fiber \
for trapping smaller molecules. Suggested for recombinant 1 ; b
proteins between 25kd - 100kd. - ,‘ - . '*

4300-C2018 High MWCO (20kd@50%) hydrophilic fiber for trapping larger molecules, hybridoma and
lymphocyte cultures. 20kd MWCO allows TGF beta and TNF alpha to diffuse away while retaining antibodies.
Can support up to 10 11 cells and produce 75-150mg of monoclonal antibody every two days. Appropriate for
adherent suspension cell lines including CHO, HelLa and 293 cells. Can support up to 10 11 cells and produce
100pg/mL of recombinant protein in 70mL ECS.

X-LARGE Cartridges
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4300-C4005 The C4005 cartridge is intended for use in larger hollow fiber cell culture systems from other
manufacturers and does not include a flow path stand or oxygenator tubing. Side ports have 3" of tubing capped
with luer fittings, end ports are 3/8" hose barbs. High gross filtration rate and polysulfone fiber are superior to
cellulose acetate for recombinant protein production.

4300-C4020 The C4020 cartridge is intended for use in larger hollow fiber cell culture systems from other
manufacturers and does not include a flow path stand or oxygenator tubing. Side ports have 3" of tubing capped
with luer fittings, end ports are 3/8" hose barbs with tubing and standard luer connectors on the ends. High gross
filtration rate and polysulfone fiber are superior to cellulose acetate for recombinant protein and monoclonal
antibody production.

HOLLOW FIBER BIOREACTORS

THE MOST IN-VIVO LIKE
WAY, TO GROW CELLS

® high surface-to-volume ratio
® cells are bound 1o porous support
and not plastic dish

Obtain 100X greater cell culture
productivity than other methods.

What cell types have been cultured in the FiberCell Hollow Fiber bioreactor
system.

Essentially if the cells can be grown in flask or other conventional systems then they will
grow in a hollow fiber system. It is dependent upon your research and production goals as
to whether the cells will behave in the desired fashion. The most common cells types
successfully used are:

e Hybridoma cell lines of all species including NSO.
o HEK 293 both suspension and adherent

« CHO
e SP2
¢« HELA

e Hepatocytes

e Cancer cell lines

e COS cells

e HIV and B lymphocytes
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e And many others.

What are the advantages of hollow fiber cell culture?

Hollow fiber bioreactors support cells at 10-100X higher density than regular cell culture
methods. This means the cells are in a more in vivo like environment and require less
serum, can be more easily adapted to a serum free medium or can be supported with a

simplified serum replacement like CDM HD.

Secreted products will be concentrated by the filter-like behavior of the hollow fibers,
typically 100X higher concentration than that found with traditional bioreactors.

The effects of cytokines such as TGF-Beta or TNF Alpha can be controlled by the selection
of the pore size of the fiber.

Hollow fiber bioreactors permit the culture and handling of large numbers of cells in a way
that might not be practical using other methods in most laboratories.

Cells are bound to a porous support so they are free to grow in a post confluent fashion.
Cells do not need to be split and can grow for extended periods of time. Hybridomas will
typically produce antibody for 6 months or longer, CHO and 293 for 3-6 months of
continuous production. The record is 2 years of continuous growth of a glioma cell line.
How does the pump work?

The FiberCell Duet pump uses a positive pressure displacement method that incorporates
two one way check valves to drive the medium through the cartridge. This ensures reliable
flow and long cartridge life.

How is gas controlled?

There is a loop of silicone tubing wrapped around the core of the cartridge flow path stand.
Silicone tubing is very gas permeable and the gas composition of the medium will be the
same as the gas composition in the incubator.

How is temperature controlled?

The Duet pump is designed to fit inside a standard CO2 incubator, the thin cord is
designed to fit through the glass door.

What flow rate should I use?

The rate limiting factor in hollow fiber cell culture is the low partial pressure of oxygen due
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to lower solubility at 37 degrees. For this reason generally flow rate should be at the
higher levels, between 26-30 on the Duet Control Box for the larger cartridges (C2003 and
C2018) and between 22-26 for the medium sized cartridges. At the initiation of culture you
will want to use a somewhat lower flow rate in order to allow cytokines to concentrate
around the cells.

I want to produce a monoclonal antibody. What cartridge should I use and how
much monoclonal antibody can 1 produce?

Cat #C2011 or C5011 should be used. This MWCO allows TGF Beta to diffuse away while
retaining the produced antibody.

C2011 will support up to 1-2 X10 9 cells, this is equal to a one-liter culture or more.

e Produce 5-50mg of antibody every 2 days, average is 20mgs per harvest

e Continue to produce antibody for up to 6 months of continuous culture

e Consumes about 1 liter of cell culture medium every two days. To reduce medium
consumption harvest more cells out.

e A single mouse used for ascites fluid production will produce 10-20mgs total
antibody; each harvest is equal to a single mouse.

e FiberCell cartridge has about 4-5 times the production capacity of the CellLine flask
per harvest.

e Endotoxin burden is 1/10 th that of ascites fluid production.

e Cannot be re-used but can be stored and re-inoculated with the same cell line.
product in the supernatant will be your antibody, simplifying your purification.

e Hybridomas grown in the FiberCell cartridge can be more easily adapted to serum
free cell culture medium or adapted to as low as 2% FBS. When CDM HD is used
the only

C5011 Will support up to 2-4 X10 10 cells ; this is equal to a two liter culture.

e Produce 10-100 mgs of antibody every 2 days, average is 40mgs per harvest
e Consumes about 2 liters of cell culture medium every day.

e Scale up cartridge from C2011.

e Endotoxin burden is 1/10 th that of ascites fluid production.

I want to produce a recombinant protein. What cells can | use and what sort of
production can | expect?

Hollow fiber bioreactors can be used with any cell type that will grow in flask or spinner
culture. Stable transfectants should be used to take full advantage of the long term
production potential offered. CHO, 293, HEP G2 and many other cell types have been used.
Insect cell culture is not ideal due to the transient nature of the culture but constituitive

P9 )14, R LR KT 36 5, Bifl« H g AR 12-11, H [, IU)1]4. HB4%4 610016 www.ahmedical.com.
USA: 01-914- 498-4158; [E Hii% A 4L #: 028-86653817; FL-F-Hi4:{E4E: ahmedical@verizon.net;




A o5 [ fe R BT X SR B A

| edical

Corporation

35 Weaver Street, Scarsdale, New York 10583. U.S.A.

expression in S2 cells have had excellent results at lower induction agent concentrations

Recombinant Protein Production

The molecular weight of the protein to be produced determines the fiber MWCO to use.

For proteins larger than 100kd use 4300-C2011 or 4300-C2018

For proteins of 20kd to 100kd use 4300-C2008 or 4300-C2003

Production will be typically 100X that of flasks with harvested product concentrations
between 100 micrograms and 300 micrograms per ml per day.

4300-C2011 Has 2200cm 2 of surface area, equal to 12.5 T175 flasks. Because of the
way cells grow when attached to a fiber the total number of cells will be equal to 50-60
T175 flasks.

e If the protein of interest can be trapped by the molecular weight cut-off of the fiber
it will reach a concentration 100 times that of the same cell line grown in flask
culture when collected from the ECS (extra-capillary space)

e Average productivity is around 100pg/ml (of ECS volume) or up to 1mg per day.

e Proteins greater than 100kd in molecular weight will be trapped by this fiber.

e If the protein of interest is too small to be trapped (like cytokines and cell growth
factors) it will reach a concentration of 10 times that of the same cell line grown in
flask culture when collected from the reservoir bottle.

e Harvest every day instead of every two days

e Medium consumption same as for hybridomas.

e Reduction in serum concentration or easier adaptation to serum-free medium
makes purification of proteins or identification of low concentration growth factors
easier.

4300-C2018 Has 1.2m 2 of surface area. This is equal to 68 T175 flasks. Because of the
way that cells grow on hollow fibers this will be equal to over 400 T175 flasks.

e Medium consumption will be as high as 4 liters per day
e Can harvest 5-10 mg of protein per day

What medium should I use and should | use serum?

Any cell culture medium that is used in flasks can be used with a hollow fiber bioreactor.
However, there are some special considerations to keep in mind.

e The high cell density allows the reduction of the amount of serum to 2% and can
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facilitate the adaptation to serum free mediums. The also means that cells can be
supported using a simplified replacement for serum such as CDM HD offered by
FiberCell Systems.

e Protein free mediums, such as CDM HD, can be used but keep in mind that protein
free mediums generally do not contain any attachment factors. Generally we want
the cells to attach to the fiber so it is preferred to seed the cells in the presence of
serum and then adapt to serum free medium or CDM HD once the cells have
reached high density (i.e. consuming 1 gram or more of glucose per day)

e Generally you want to avoid a medium such as RPMI due to the low (2.5 grams per
liter) concentration of glucose. This simply means that you would need to change
the medium more often, an inconvenience.

e Cells are growing in a stable, shear free environment. The use of surfactants such
as pluronic F60 is not required. CDM HD does not contain any surfactants or other
membrane protectants.

Should | use antibiotics?

Unless you have a compelling reason to not use antibiotics in your culture medium
FiberCell Systems recommends the use of standard concentrations of antibiotics. We can
fix anything, as long as you don't contaminate the cartridge. Antibiotics can help prevent
the occasional lapse in technique from spoiling a culture. If your concern is endotoxin, and
you wish for the absolute lowest levels of endotoxin then it is recommended that you work
without antibiotics. Antibiotics can shield an infection but permit endotoxin to accumulate.

What other equipment do I need?

The only other piece of equipment that may not be part of a standard cell culture
laboratory would be a way to measure glucose. There are some fancy and expensive
machines to measure glucose out on the market but a simple glucometer like the ones
used by diabetics and available at just about any drugstore or pharmacy will do the trick.
Keep in mind that their readings won't be that accurate above 3.5 grams per liter so it is
important to know the starting glucose concentration of your medium.

What are the advantages of hollow fiber cell culture for endothelial cells?

For endothelial cell culture under chronic shear use C2025. This cartridge allows extra-
cellular matrix proteins to be attached to the fiber. One of the few ways to grow
endothelial cells (cells that line the interior of blood vessels) under conditions of medium
flowing over them (like they experience in the body). When grown under these conditions
they behave in a much more in vivo like manner. They lay down flat and form a
monolayer, form tight junctions, and certain genes are turned on in response to this shear
stress that are not expressed in static culture. Other cell types such as vascular smooth
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muscle and brain glial cells can be co-cultivated with these endothelial cells.
C4300-2025 will yield about 100pug of total RNA for gene expression analysis.
What are the advantages of using the hollow fiber system for in vitro toxicology?

Hollow fiber bioreactor cartridges from FiberCell Systems offer a simple way to set up a
two-compartment model for in vitro toxicology with higher levels of reproducible control to
complex growth, infection, treatment, and sampling regimens. This system permits more
realistic simulation of in vivo drug effects in a dynamically controlled system providing data
that more accurately reflects biological responses. The design is fully disposable and will
take into account the potential use of weaponized pathogens and genetically modified
organisms

What organisms have been used with this system?

e Bacteria including tuberculosis, anthrax, plague, and MDR staph aureus to name a
few.

e Viruses including HIV

e Tumor cell lines including breast cancer.

What drugs have been used?

Any type of therapeutic compound can be used. FiberCell offers two fiber types,
polysulfone and cellulosic. The polysulfone is preferred because the flux rate and therefore
equilibration of drug across the fiber is quite rapid and the geometry of the fibers results in
even distribution of the fiber bundle inside the housing. Cellulosic fibers are generally used
when the compound to be tested is highly non-polar which can result in significant non-
specific binding of the compound to the fiber. Cellulosic fibers will have much lower non-
specific binding but also lower flux rates so somewhat slower equilibration times across the
fiber.

Advantages of the hollow fiber system:

e Closed bio-safe system

e Organism load can be high enough to match human infections. A high starting
number is required to uncover the emergence of drug resistance.

e Drug pharmacokinetics can be exactly modeled on human profile

e Many experiments can be run simultaneously
o Complex systems such as two drug or two cell type cultures can be easily set

up.
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New Developments in Hollow—Fiber Cell Culture

John J.S. Cadwell

Abstract: The growth of genetic engineering and hybridoma technologies has been a strong impetus for the

investigation of new techniques for cell culture. The search for a simple, cost—effective cell culture system has

resulted in the birth of a new area of biotechnology: the use of bioreactors to grow cells on a large scale. A

bioreactor based on hollow—fiber bundles is shown to be an ideal method for culturing cells in any laboratory.

Classical applications of hollow—fiber systems are described, in addition to some more recent ones.
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HOLLOW FIBER BIOREACTORS
AND RELATED PRODUCTS

Designed for the following applications:
Monoclonal Antibody Production
Recombinant Protein Production

Endothelial Cell Culture
lymphocyte (ulture and Expansion
In Vitro Toxicology

@ FiberCell Systems Inc.
R a better way to grow cells

www.fibercellsystems.com



What s the
Fiber(ell® System advantage!

e Provides 10X the gross filtration rate of cellulosic hollow
fibers.

e Improves cell viability.

e Eliminates dead spots with uniform fiber spacing and
“wavy” fibers within the cartridge.

e Dialyzes waste and inhibitory cytokines away from cells.

e Stabilizes the PH of the cell culture medium.

e Enhances bio-safety with closed system.

e Handles large cell numbers (up to 10").

e Concentrates secreted proteins and antibodies up to
100X in the small volume of the extra-capillary space.

e Provides flexible control options with unique variable
rate pump system.

e Ensures long life of the cartridge and facilitates nutrient

e Cells grow on and and waste exchange across the fiber with positive-pressure

around hollow fibers. displacement pumping system.

e Fiber geometry is

capillary space.

optimized for both

.- THE HIBERCELL™ SYSTEM

e Small molecules such as

lactate and glucose can The hollow fiber cartridge
used in the FiberCell Enlarged cross section showing
System has wavy fibers to only three wavy fibers.

.........

. "~
""""

. ‘e

easily cross the fiber.

e Large molecules such as . .
eliminate dead space.

monoclonal antibodies
and proteins are retained
and concentrated in the

Protein

Nutrients In retained

Waste Out

small volume of the extra

"Hollow Fiber
filter surface

capillary space.

0 o
e, o
0 .

o

.
.
.
----------

Extracapillary
space
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THE HBERCELL™ SYSTEM: Hollow Hiber Cell Culture

A fundamentally different approach to cell culture is now available. Modeled after the
mammalian circulatory system hollow fiber cell culture offers the most in-vivo like manner
to grow cells in any laboratory.

Hollow fibers are small tube-like filters approximately 200 microns in diameter whose molecular
weight cut-off can be between 5kd and .l1pm. These fibers are sealed into a cartridge shell so that
cell culture medium pumped through the end of the cartridge will flow through the inside of the
fiber while the cells are grown on the outside of the fiber. These fibers then create a semi-permeable
barrier of defined molecular weight cut-off (MWCO) between the
compartment in which the cells are growing and the medium
is flowing. Since the cells are attached to a porous support
(the hollow fiber) rather than a non-porous plastic dish
nutrients are delivered from the bottom layer of cells
on upwards. Splitting of the cells is not required
and cultures can be maintained for many months
of continuous production. When the secreted
protein is retained in the extra-capillary space

it will accumulate to a concentration of up to
100 times higher than with conventional flask or
roller bottle culture.

A single FiberCell®
Systems hollow
fiber cartridge
is equivalent to
harvesting
20-200 roller
bottles daily.

Hollow fibers also provide a tremendous amount
of surface area in a small volume. Cells grow on
and around the fibers at densities of greater than

| X 108 per ml. Hollow fiber cell culture is the only
means to culture cells at in vivo like cell densities. Cell
culture at high densities has the following benefits:

e Reduces serum requirements and facilitates adaptation to serum-
free medium, including CDM-HD

e Increases the concentration of secreted product by 10 to 100 times

e Viral and parasitic infections proceed rapidly

FiberCell® Systems Hollow Fiber cell culture cartridges are the method of choice for
the production of 10mg to gram quantities of recombinant proteins and monoclonal
antibodies and the culture of 107 to 10'' cells.

Protocols are available for monoclonal antibody production, recombinant protein production using
CHO, 293 and other cell type mphocyte expansion, conditioned medi endothelial cell culture
u,n— = - s . &
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SUGGESTED APPLICATIONS

MONOCLONAL ANTIBODY PRODUCTION

The FiberCell® Systems hollow fiber cell culture system is the method
of choice for the production of 100mg to 2 grams of antibody per
month. The 20kd MWCO fiber allows the inhibitory factor TGF beta
to diffuse away from the cells while retaining the monoclonal antibody
in the small volume of the extra-capillary space.

e C201 I will produce between |0mg and 50mg of antibody every two
days

® Low harvest volume of |5 to 70 mls

e Cartridges can be maintained for over 6 months of continuous
production

® Endotoxin burden is 10X lower than ascites fluid, ideal for animal
injections

e Easy adaptation to reduced serum, CDM-HD, or serum free medium

e Chimeric, humanized and non-murine antibodies can be easily
produced

SECRETED PROTEIN PRODUCTION

Current methods for the production of secreted biologicals such as
recombinant proteins, cytokines and conditioned medium involve
the use of inefficient in-vitro culture systems such as roller bottles or
large numbers of tissue culture flasks. FiberCell® Systems hollow
fiber culture systems facilitate the easy culture of large numbers of
cells (1-5 X 10") replacing roller bottles or hundreds of flasks while
concentrating the secreted protein 100X or more.

® Produce |-10 mgs of recombinant protein per day

® Secreted proteins can be 100 times more concentrated vs. tissue
culture supernatant

® Reduced serum requirements facilitates purification

® Small harvest volume for easy handling

® No splitting of cells required, cartridge maintenance just |5 minutes a
day

® Cultures can be maintained for several months of production

e Optimal cell culture conditions can result in improved
protein assembly and folding.

LYMPHOCYTE CULTURE AND EXPANSION

FiberCell® Systems hollow fiber cell culture cartridges are ideal for the
expan5|on of PBLs, Iymphocyte subsets, HIV production and to perform

@ FIBER CELL SYSTEMS INC. | HOLLOW FIBER BIOREACTORS
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A) MW Standards
B, D, E, F, G) Harvested Antibody
Q) Circulating serum free medium

150 cm 2. tissue culture flask

Abs 280

volume

Fibercell polysulphone cartridge

Ahs 280

volume

Comparison of a purified recombinant human hexeramized
IgG produced from CHO cells grown in either a

150cm? tissue culture flask (upper panel) or a FiberCell
polysulphone cartridge (lower panel). Gel filtration
chromatography reveals incomplete polymerization of

the hexeramized IgG produced in the flask. Both a

highly polymerized hexeramized IgG (peak A.) and non-
polymerized (peak B.) are observed. In contrast, the same
protein produced in a FiberCell cartridge is expressed
almost entirely in highly polymerized form (peak C.) 478
mg of purified protein were produced in 2 months in a
volume of less than 5 liters using catalog #2018.

| www.fibercellsystems.com 1 301-471-1269




IN VITRO TOXICOLOGY |
Rump Hollow-fiber capillaries | extracapillary compartment

Sampling port for access to
Hollow fiber cartridge systems from

FiberCell Systems have been used to m\/-ll ==

model pharmacologic bio-availability for
different antimicrobial drugs and also
to mimic dosage profiles that generate
resistant organisms.Anti-cancer agents,
anti-fungals, antibiotics, anti-virals

Dosing

(including anti-HIV) and anti-parasitic Port
drugs have all been tested in the hollow (s
fiber system. This system mimics in (1]
vivo drug dosage profiles in a rigorously f_',!
controlled in vitro system composed of [Tk
a hollow fiber cartridge and associated CENTRAL

. - RESERVOIR
pumps and reservoirs. Bio-availability

can be controlled in a precise fashion === ,
Elimination Reservoir
and any dosage profile can be evaluated.

ENDOTHELIAL CELL CULTURE

The FiberCell® Systems PS+ module (cat#4300-C2025) is especially
designed for the culture and study of endothelial cells under flow. The
PS+ fiber can easily be coated with extra-cellular matrix proteins (and/
or cytokines and antibodies) to permit the attachment of endothelial
cells to the interior wall of the fiber. The microprocessor controlled
FiberCell® Systems Duet pump can be programmed to produce
consistent and defined amounts of shear stress by regulating the flow
of medium over the cells. This allows the study of endothelial cells in
a more physiologic environment when compared to other methods.
As a result, typical cell morphology is retained, a monolayer is formed
and tight junctions are created. These culture conditions more closely
mimic in vivo cell growth.

The microporous nature of the fibers and the ability to
control the extra-cellular matrix provides an ideal system
for cellular co-cultivation with other cell types such as
vascular smooth muscle or neuroglia.

e Inner surface area of the fibers is equal to a T75 flask

e Shear stress of .5 dynes/cm?to 25 dynes/cm? can be
generated

e Approximately 100 micrograms of RNA can be isolated
from each cartridge

e Most types of microscopy can be performe

mm on "k 'l“_

Peripheral (extracapillary) compartment
[location of organisms]

(— Filtered Vent

24
.\

ot

A
@yl
E 1_.'r

Diluent Reservoir

Figure 7 Bovine Aortic endothelial cells
grown on a matrix of fibronectin.
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Fiber(ell ® Duet™ Spedifcations

Dimensions 9.5x 16.5x8" (wx|xh)
Weight 9.5 Ibs

Voltage 100, 120,220 (50 or 60 hz)
Flow Rate 1-200mls, continuously variable

RESERVOIR (AP

is designed to support either one or
er Bioreactor cartridges and flow paths
with up to two separate 2 liter medium reservoirs.The FiberCell
Duet pump can generate a flow rate of | ml/min up to 200 mls/
min for precise control of flow rate for endothelial cell culture
applications and high maximum flow rates for most efficient
production when using the larger C2003 and C2018 cartridges.
It utilizes a new low voltage brushless motor for long term, low
heat operation and operation with 100 volt, 120 volt and 220
volt electrical input.The Duet pump utilizes our proprietary
positive-pressure displacement pumping systems that generates
high flow rates without wear on the pump tubing permitting
continuous operation of the cartridges for several months to one
year ro more. The ergonomic, low-rise design provides areas to
accommodate up to two 2 liter medium reservoir bottles.

e Occupies ' shelf, 1/3 height of a standard CO? incubator

® Separate medium reservoirs eliminates cross contamination
® | ow voltage power supply to minimize heat generation

e Versatile, can support small, medium and large cartridges
(C2025, C2008, C2011,C2003,C2018,C501 1)

e High flow rate for optimum culture using large cartridges

e Full Two year limited warranty

P3202 FiberCell Duet Pump, Universal Voltage, 100V, 120V, 220V

The FiberCell® reservoir (0P is a re-usable, autoclavable cap designed
to fit onto a standard cell culture media bottle. The 33mm cap
(cat# A1005) will fit onto standard glass medium bottle and the
38mm cap (cat# A1006) will fit onto standard plastic medium
bottles.

A1005 33mm Reservoir Cap Assy
A1006 38mm Reservoir Cap Assy

(OM-HD serum Replacement is a chemically defined, protein free
serum replacement that permits any basal medium such as DMEM
to be used without serum. CDM-HD is designed specifically

for the culture of cells at high density and optimized for use in
our hollow fiber bioreactor systems. CDM-HD provides lot-
to-lot consistency, simplifies purification and is an economical
replacement for serum. It is available as a dry powder to make up
one liter and is used at a concentration of 10%.

CDM-HD-I Powder to make | Liter

FiberCell Systems offers
additional technical support for

our systems as well as for other
hollow fiber bioreactor systems.
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CARTRIDGE SPECIFICATIONS

Stock No. Size  Surface Area Fiber Type Packing Density ECSVolume MWCO 50% MWCO 95% Maximum Cell#
C2025 Small 75cm? Activated PS 30% 1.5mL 0.1ym 0.lpym 108
C2008 Medium 2100cm? low flux PS 50% 15mL 5kd 20kd 10°
C201 1 Medium 2100cm? high flux PS 50% 15mL 20kd 100kd 10°
C2003 Large 1.2m? low flux PS 50% 70mL 5kd 20kd 5x 10"
C2018 Large 1.2m? high flux PS 50% 70mL 20kd 100kd 5x 10"
C3008 Medium 2000cm? cellulosic 38% 12mL 10kd Skd N/A
C4005 X-Large 2.5m? low flux PS 50% 150mL 5kd 20kd 10"
C4020 X-Large 2.5m? high flux PS 50% 150mL 20kd 100kd 10"
C501 1 Medium 2100cm? high flux PS 50% 15mL 20kd 100kd 2x 107
Oxy 0.6 12mls 6000cm? Hydrophobic polyethylene N/A 40mL 100kd 10kd N/A

SUGGESTED APPLICATIONS FOR HBERCELL”™ CARTRIDGES

€2025 0.1um pore size for the highest exchange rates. Activated fiber for attachment of matrix
proteins, cytokines and antibodies. Ideal fiber for endothelial cell and hepatocyte culture.

C2008 Low MWCO (5kd @ 50%) hydrophilic fiber for trapping smaller molecules. Suggested
for recombinant proteins between 20kd and 100kd. Appropriate for suspension and adherent
cell lines including CHO, Hela and 293. Can support up to 10° cells and produce I-2 mgs of
recombinant protein per day.

C201 I High MWCO (20kd @ 50%) hydrophilic fiber for trapping larger molecules, hybridoma
culture and lymphocyte culture. 20kd MWCO allows TGF beta and TNF alpha to diffuse away
while retaining antibody. Can support up to 10° cells and produce 5-50 mg of monoclonal
antibody every two days. Suggested for recombinant proteins larger than 100kd and will produce C2025
1-2 mgs of protein per day.

C2003 Low MWCO (5kd @ 50%) hydrophilic fiber for trapping smaller molecules. Suggested for
recombinant proteins between 20kd - 100kd. Appropriate for suspension cell lines including CHO, Hela and
293 cells. Can support up to 5 x 10'? cells and produce 5-10 mgs of recombinant protein per day.

C2018 High MWCO (20kd @50%, 95% @ 100kd) for trapping larger molecules in the range of 100kd and
larger such as recombinant proteins from CHO, HEK 293 and other cell types. Can support up to 5 x 10'°
cells and produce 5-10 mgs of protein per day.

C3008 utilizes a cellulosic fiber with a nominal MWCO of 5KD. C3008 is intended primarily for use for in
vitro toxicology applications where organic based drugs may exhibit non-specific binding to other fiber types.

C4005 The C4005 cartridge is intended for use in larger hollow fiber cell culture systems from other
manufacturers and does not include a flow path stand or oxygenator tubing. Side ports have 3” of tubing
capped with luer fittings, end ports are 3/8” hose barbs. High gross filtration rate and polysulfone fiber are
superior to cellulose acetate for recombinant protein production.

C4020 The C4020 cartridge is intended for use in larger hollow fiber cell culture systems from other
manufacturers and does not include a flow path stand or oxygenator tubing. Side ports have 3” of tubing
capped with luer fittings, end ports are 3/8” hose barbs. High gross filtration rate and polysulfone fiber are
superior to cellulose acetate for recombinant protein and monoclonal antibody production.

C501 | Same sized cartridge as the C201 | but optimized for maximum monoclonal antibody production by
increasing flow rate and doubling the amount of oxygenation tubing

Oxy 0.6 The Oxy 0.6 is a replacement oxygenator cartridge for 1.0 m2 oxygenators available from other
manufacturers. It utilizes a new fiber with better gas transfer and reduced medium weepage. The fibers are
also uniformly spaced apart using an inert matting system further improving gas transfer. Module comes
with luer connections on both the end ports and side ports. Due to the geometry of the fiber medium is flowed
through the ECS and gas is sparged through the inside of the fibers.
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OUR MISSION

At FiberCell® Systems Inc. we are committed to providing easy-to-use hollow
fiber cell culture systems that allow researchers and biotechnology companies
to produce quantities of cells and cell products not possible using traditional cell
culture methods.We are constantly creating new protocols and methods for the
use of our hollow fiber bioreactors so that any laboratory can take advantage of

the benefits offered by FiberCell® Systems Inc.

John J.S. Cadwell
President and CEO

To order contact:

FiberCell Systems Inc.
a better way to grow cells

905 W. 7th Street #334
Frederick, Md. 21701
+86-400-6762467 028-86653817
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