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ABOUT THE COVER and PHOTO CREDITS

Worthington Biochemical Corporation would like to acknowledge and thank the following researchers for providing and
kindly allowing reproductions of their images used on the front and back covers and contained within this publication:

Contributors

A citation follows for all the cardiomyocyte images courteously provided by Ronal R. MacGregor, Ph.D., University of Kansas
Medical Center, Department of Anatomy & Cell Biology, Kansas City, KS 66160.

A 300g male Sprague-Dawley rat was anesthetized; the heart was removed and perfused at a flow rate of 9 ml per minute with Hank’s Balanced
Salt Solution (HBSS) for 3 minutes, and then with calcium and magnesium free HBSS (CMFHBSS) containing 2 mM each of taurine, creatine, and
carnitine, and 3 mM 1-heptanol (a gap junction blocker) for 9 minutes. The perfusion medium was then changed to Leibovitz’ L15 containing the
components and amounts as follows:

4 ml sterile water

2ml0.15MMOPSpH 7.4

4 ml PAPL (papain), 50 U/ml in CMFHBSS (5 U/ml final)

133 ul of 30% (300 mg/ml) BSA (bovine serum albumin), culture tested (1mg/ml final)
29.8 ml L15/PSF/CCT/ITS*

1/2 vial CLS-H (Enzyme vial #2 from the Hepatocyte Isolation System, Worthington)

1 Vial DNAse (Enzyme vial #3 from the Hepatocyte Isolation System, Worthington)
1-Heptanol, 18 ul

40 ml

* PSF: Penicillin-Streptomycin-Fungazone; CCT: carnitine, creatine, & taurine; ITS: insulin, transferrin, selenium, 100X (Invitrogen)

Then perfusion was continued for 20 min. All perfusion media were at a temperature of 37 C, warmed by a heat exchanger coil in a water bath.

Following the perfusions, the heart was minced, and then placed with 1/2 volume of the final perfusion medium into a 50 mL centrifuge tube,
capped, and rotated end-for-end for 1 hour at 6-8 rpm using a rotator from Reliable Scientific Corp. The tube was then removed, shaken briefly,
and the dissociated cells and residue were allowed to settle in the tube for 1-2 minutes. The supernatant cells were transferred to a large

Petrie dish, allowed to settle at 1 x g, and the supernatant removed and replaced with HBSS. This was repeated once, and the cells were then
transferred to a 250 ml round-bottom centrifuge tube and underlaid with about 40 ml of 3% BSA in HBSS. Cells were allowed to settle at 1 x g
for 10 min and the supernatant was then removed and replaced with Culture medium which was Leibovitz’ L15 supplemented with CCT, PSF, ITS,
and made 10% in fetal Bovine serum (Hyclone). Cells were plated in plastic Petri dishes coated with laminin (1 ug/cm2, BTl Inc).

After two days of culture, media were changed to contain 10 uM cytosine arabinoside to inhibit cell replication, and culture continued for two
days. Media were then changed and culture continued in the absence of cytosine arabinoside. the figures represent cardiomyocytes after culture
for a total of 12 days.

The cells were observed using a Nikon Eclipse TE300 microscope attached to a Spot RTKE imaging system by Diagnostics Instruments.

The images representing expression of growth factor receptors and paxillin in rat nerve sheath cells were courteously
provided by John Biggerstaff, Ph.D., Research Associate Professor, University of Tennessee,
Center for Environmental Biotechnology, 676 Dabney Hall, Knoxville, TN 37996.

The images of placental cells cultured in a hollow-fiber bioreactor were provided by James Hardy of Hemacell Perfusion
Inc. and John Gadwell of FiberGell Systems.

A normal intact human placenta was sourced from a local hospital under conditions approved by the Institutional Review Board (IRB).

The umbilical vein was cannulated and a solution of PBS was perfused for a time of one hour. Perfusion was performed utilizing the Machine
Pulsatile Perfusion method described elsewhere. Blood forming hematopoietic stem cells and other components were collected from the
perfusate. This also reduced the red cell burden. After one hour at room temperature the solution was changed to PBS containing one gram per
liter of collagenase (Worthington Type 1, CLS-1).

This was perfused for 2 hours at room temperature. The placenta was digitally disaggregated and the cells were collected, washed once in cell
culture medium and then the red cells removed using ACK lysing buffer (Quality Biologicals #118-156-101) per manufacturers instructions.
Cells were washed once more in cell culture medium. Total number of viable cells was difficult to establish due to the significant amount of cell
debris and red cells still present. 20 mis of the cell isolate (out of a total of 40 mls) was seeded into a FiberCell C2008 5kd MWCO polysufone
cartridge and the culture initiated with 100 mls of DMEM/F12 + 10% FBS and 2% pen/strep at a flow rate of 60 mis/minute.

This mixed culture of primary human placental derived cells was maintained for over three months of continuous culture. Every two days harvests
of the suspension cells was performed and plated into standard T-75 tissue culture flasks from where the images were taken. The spherical
bodies of cells stained intensely for CD105, a mesenchymal stem cell marker.

Note: Worthington invites other researchers to submit research-related photos and artwork for our potential use in or on the covers of future
corporate publications. Please include complete citations and descriptions and forward submissions to the attention of our Marketing Department
(marketing@worthington-biochem.com).



The ubove imuyes representing rat cardiomyocytes, cultured 12 duys, CA treuted were
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FREE Collagenase Sampling Program

and Online Lot Selection Tool

Simple as 1, 2, 3... and completely Free!

1. Go to: www.worthington-biochem.com/cls/clssamp.himi

Worthington Collagenase Sampling Program

The lot-to-lot variation which is typical of crude enzyme preparations such as Worthington crude collagenase makes it
imporfant fo pre-test a parficular lot of enzyme you are planning to use in your experiment. Many years ago we found that
the most practical approach for the researcher is to presample several different lots of collagenase at a time and select the
best of the group. As the world’s leading manufacturer of collagenase, Worthington is able to offer the greatest number of
different lots at any given time and recommend specific lots for an application.

There is no charge for participating in the collagenase sampling program. Under the program, individual researchers
are provided with T00 mg samples of up to three different lots of collagenase for evaluation in their own assay systems.
A period of 60 days is allowed for your evaluation of these samples. A minimum of 3 grams of each lot will be placed
on HOLD, reserved in your name. When you determine which lot performs best for you, simply specify the lof desired
when ordering.

To become part of this program, or fo discuss any of the Worthington products, just call our Technical Service group toll-
free at 800.445.9603 from anywhere in the United States or Canada or e-mail techservice@worthington-biochem.com

International customers should check our International Distributor listing for a distributor. If you do not have a Worthington
Distributor for your country, please contact Infernational Sales or Technical Service.

2. Consider using the interactive lot selection tool...

. Collagenase Lot Selection Tool
Collagenase Lot Selection Tool 8
({optional) Look-up assay values for historical lot number:

Now Available Online! ot ot ook fox = ok sl s o,y v i the pact, antes ¢ here:
Lot Murnber:
"mm\ [A:urv.]ﬁ-s will be entered below. You may then a

Worthingfon’s ‘Collagenase Lot Selection Tool” is now available online at
our website, This new feature was designed to help researchers select Find lot matches for specified assay values:
and evaluate current collagenase lots that match previous lofs or desired R ———
activity profiles. Users may enter target values for collagenase, caseinase,

)

2. Select desired collagenase type:  (15-1 5

. . R . . 3. Enter target assay values and relative levels of importance:
clostripan, and trypfic activities or specify previous lot numbers. Each value wimg du| wimgdu| uimadw|  ulms
can be weighted based on the relative level of importance to the application. Values: | 235 327 24 03
Affer the search for mafches is completed, a ranked list of collagenase lofs wonn|(39) J9) OO |69

currently available is generafed. The selected lots can then be sampled
simply by using the built in link to the Free Collagenase Sampling
Program. As always, Worthingfon Customer and Technical Service
personnel are available via phone at 800.445.9603/732.942.1660 and

e-mail to assist with collagenase or any other products. Collagenase Sampling Program Request

( Search for Matches... ) (Report will apen in a new window.)

Mailing Address:

2. Complete the online Sampling request form...

Email:

...samples will be shipped and reserved amount ““::

of each lot placed on hold for 60 days pending

your evaluation. Completely free and without o —_— |
obligation!

Requested Collagenase Type:

How much would you like us to reserve for you? 3 grams
{Minimum 3 grams)

tissus to be




Intfroduction

Tissue dissociation/primary cell isolation and cell harvesting are
principal applications for enzymes in tissue culture research and
cell biology studies. Despite the widespread use of enzymes for
these applications over the years, their mechanisms of action in
dissociation and harvesting are not well understood. As a result,
the choice of one technique over another is often arbitrary and
based more on past experience than on an understanding of why
the method works and what modifications could lead to even better
results.

The goal of a cell isolation procedure is to maximize the yield of
functionally viable, dissociated cells. There are many parameters
which may affect the outcome of any particular procedure including
but not limited to:

Type of tissue

Species of origin

Age of the animal

Genetic modification(s) (knockouts, etc.)
Dissociation medium used

Enzyme(s) used

Impurities in any crude enzyme preparation used
Concentration(s) of enzyme(s) used

. Temperature

10. Incubation times

L PN U R W -

The first four items generally are not a matter of choice. To achieve
suitable results the other variable conditions are best defined
empirically.

Researchers searching the scientific literature for information on
the ideal enzymes and optimal conditions for tissue dissociation are
often confronted with conflicting data. Much of the variation stems
from the complex and dynamic nature of the extracellular matrix
and from the historical use of relatively crude, undefined enzyme
preparations for cell isolation applications. Also, the extracellular
matrix is composed of a wide variety of proteins, glycoproteins,
lipids and glycolipids, all of which can differ in abundance from
species to species, tissue to tissue and with developmental age.
Commonly used crude enzyme preparations such as Pronase,
NF 1:250 and collagenase contain several proteases in variable
concentrations, as well as a variety of polysaccharidases, nucleases
and lipases.

This guide summarizes our knowledge of how these enzymes
accomplish the “routine” operations of tissue dissociation and
cell harvesting; describes standard lab procedures; offers a logical
experimental approach for establishing a cell isolation protocol;
and lists many tissue specific references.

Note: We have not limited the references listed to only those
papers using Worthington enzymes. Generally speaking, the
tissue dissociation enzymes offered by Worthington can be used
interchangeably for most preparations cited.

Cell Isolation Theory

Tissue Types

This section summarizes the general characteristics of extracellular
matrices associated with various types of tissue. Coupled with the
descriptions of individual enzymes offered in the next section, this
information will aid in choosing the enzyme(s) best suited for a
particular tissue.

Epithelial Tissue

In the adult, epithelium forms such tissues as the epidermis,
the glandular appendages of skin, the outer layer of the cornea,
the lining of the alimentary and reproductive tracts, peritoneal
and serous cavities, and blood and lymph vessels (where it is
usually referred to as “endothelium™). Structures derived from
outpouchings from the primitive gut, including portions of the
liver, pancreas, pituitary, gastric and intestinal glands, are also
composed of epithelial tissue.

Epithelial cells are typically packed so closely together that there
is very little intercellular material between them. An extremely
tight bond exists between adjacent cells making dissociation of
epithelium a difficult process.

On the lateral surfaces of adjacent epithelial cells there are four
distinct types of intercellular bonds: the zonula occludens, zonula
adherens, macula adherens and nexus. The former three are often
closely associated to form a junctional complex. In the zonula
occludens, or “tight junction”, there are multiple sites of actual
fusion of the adjacent unit membranes interspersed by short
regions of unit membrane separation of approximately 100-150 A.
In a zonula adherens, or “intermediate junction”, a fine network
of cytoplasmic filaments radiates from the cell membrane into the
cytoplasm. The space between unit membranes of adjacent cells
is approximately 150-200 A and is composed of an intercellular
amorphous substance of unknown composition. In the macula
adherens, or “desmosome”, there is a somewhat similar array
of intracellular filaments. The adjacent unit membrane space is
approximately 150-200 A and consists of an extracellular protein
and glycoprotein ground substance, often with an electron-dense
bar visible within it. The integrity of the desmosome requires
calcium, and it is broken down by EDTA and calcium-free
media. The enzymes collagenase, trypsin and hyaluronidase can
also dissociate the desmosome. The nexus, or “gap junction”,
covers most of the epithelial cell surface. In these areas, the unit
membranes appear tightly attached and are separated by only
20A. The intercellular material consists of an amorphous, darkly-
staining substance.

On the basal surface of the epithelium where it overlays connective
tissue, there is an extracellular bonding layer or sheet called
the basal lamina. The lamina is composed of a network of fine,
collagen-like reticular fibers embedded in an amorphous matrix of
high and low molecular weight glycoproteins.
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Connective Tissue

Connective tissue develops from mesenchymal cells and forms
the dermis of skin, the capsules and stroma of several organs, the
sheaths of neural and muscular cells and bundles, mucous and
serous membranes, cartilage, bone, tendons, ligaments and adipose
tissue.

Connective tissue is composed of cells and extracellular fibers
embedded in an amorphous ground substance and is classified
as loose or dense, depending upon the relative abundance of
the fibers. The cells, which may be either fixed or wandering,
include fibroblasts, adipocytes, histiocytes, lymphocytes,
monocytes, eosinophils, neutrophils, macrophages, mast cells, and
mesenchymal cells.

There are three types of fibers: collagenous, reticular, and elastic,
although there is evidence that the former two may simply be
different morphological forms of the same basic protein. The
proportion of cells, fibers and ground substance varies greatly
in different tissues and changes markedly during the course of
development.

Collagen fibers are present in varying concentrations in virtually
all connective tissues. Measuring 1-10 ym in thickness, they are
unbranched and often wavy, and contain repeating transverse
bands at regular intervals. Biochemically, native collagen is a
major fibrous component of animal extracellular connective tissue;
skin, tendon, blood vessels, bone, etc. In brief, collagen consists
of fibrils composed of laterally aggregated polarized tropocollagen
molecules (M.W. 300,000). Each rod-like tropocollagen unit
consists of three helical polypeptide a-chains wound around a
single axis. The strands have repetitive glycine residues at every
third position and an abundance of proline and hydroxyproline.
The amino acid sequence is characteristic of the tissue of origin.
Tropocollagen units combine uniformly in a lateral arrangement
reflecting charged and uncharged amino acids along the molecule,
thus creating an axially repeating periodicity. Fibroblasts and
possibly other mesenchymal cells synthesize the tropocollagen
subunits and release them into the extracellular matrix where
they undergo enzymatic processing and aggregation into native
collagen fibers. Interchain cross-linking of hydroxyprolyl residues
stabilizes the collagen complex and makes it more insoluble and
resistant to hydrolytic attack by most proteases. The abundance
of collagen fibers and the degree of cross-linking tend to increase
with advancing age, making cell isolation more difficult.

Reticular fibers form a delicate branching network in loose
connective tissue. They exhibit a regular, repeating subunit
structure similar to collagen and may be a morphological variant
of the typical collagen fibers described above. Reticular fibers
tend to be more prevalent in tissues of younger animals.

Elastic fibers are less abundant than the collagen varieties. They
are similar to reticular fibers in that they form branching networks
in connective tissues. Individual fibers are usually less than 1 ym
thick and exhibit no transverse periodicity. The fibers contain
longitudinally-arranged bundles of microfibrils embedded in an

amorphous substance called elastin. Like collagen, elastin contains
high concentrations of glycine and proline, but in contrast has a
high content of valine and two unusual amino acids, desmosine
and isodesmosine. Fibroblasts and possibly other mesenchymal
cells synthesize the elastin precursor, tropoelastin, and release it
into the extracellular matrix where enzymes convert the lysine
residues into the desmosines. Polymerization of elastin occurs
during interchain cross-linking of the latter. In this state, elastin is
very stable and also highly resistant to hydrolytic attack by most
proteases.

The viscous extracellular ground substance in which connective
tissue cells and fibers are embedded is a complex mixture of
various glycoproteins, the most common being hyaluronic acid,
chondroitin sulfate A, B, and C and keratin sulfate. Each of these
glycoproteins is an unbranching polymer of two different alternating
monosaccharides attached to a protein moiety. Hyaluronic acid, for
example, contains acetyl glucosamine and glucuronate monomers
and about 2% protein, while the chondroitin sulfates contain acetyl
galactosamine and glucuronate or iduronate monomers and more
than 15% protein. The relative abundance of these glycoproteins
varies with the origin of the connective tissue.

Dissociating Enzymes

While many enzyme systems have been investigated by researchers
performing primary cell isolations, the enzymes discussed here
have been found satisfactory for a wide variety of tissues from
many different species of various ages.

Collagenase

Bacterial collagenase is a crude complex containing a collagenase
more accurately referred to as clostridiopeptidase A which is a
protease with a specificity for the X-Gly bond in the sequence Pro-
X-Gly-Pro, where X is most frequently a neutral amino acid. Such
sequences are often found in collagen, but only rarely in other
proteins. While many proteases can hydrolyze single-stranded,
denatured collagen polypeptides, clostridiopeptidase A is unique
among proteases in its ability to attack and degrade the triple-helical
native collagen fibrils commonly found in connective tissue.

True collagenase may cleave simultaneously across all three chains
or attack at a single strand. Mammalian collagenases split collagen
in its native triple-helical conformation at a specific site yielding
fragments, TC A and TC B, representing 3/4 and 1/4 lengths of
the tropocollagen molecule. After fragmentation the pieces tend
to uncoil into random polypeptides and are more susceptable to
attack by other proteases.

Bacterial collagenases are usually extracted from host invasive
strains. These enzymes differ from mammalian collagenases in
that they attack many sites along the helix. Collagenases from
Clostridium histolyticum, first prepared by Mandl, et al., have been
most thoroughly studied. Commercially available collagenase has
been limited primarily to that from CI. histolyticum; although, other
sources have recently become available. Clostridial collagenase
also degrades the helical regions in native collagen preferentially
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at the X-Gly bond in the sequence Pro-X-Gly-Pro where X is most
frequently a neutral amino acid. This bond in synthetic peptide
substrates may also be split.

Purified clostridiopeptidase A alone 1is wusually inefficient
in dissociating tissues due to incomplete hydrolysis of all
collagenous polypeptides and its limited activity against the high
concentrations of non-collagen proteins and other macromolecules
found in the extracellular matrix. The collagenase most commonly
used for tissue dissociation is a crude preparation containing
clostridiopeptidase A in addition to a number of other proteases,
polysaccharidases and lipases. Crude collagenase is well suited for
tissue dissociation since it contains the enzyme required to attack
native collagen and reticular fibers in addition to the enzymes
which hydrolyze the other proteins, polysaccharides and lipids in
the extracelluar matrix of connective and epithelial tissues.

The first commercially available collagenase was offered by
Worthington in 1959. At that time we offered one type of crude
enzyme which we tested only for collagenase activity. Eventually,
with the cooperation of many in the research community, four
basic profiles were identified:

Type 1 containing average amounts of assayed activities
(collagenase, caseinase, clostripain, and tryptic activities). It is
generally recommended for epithelial, liver, lung, fat, and adrenal
tissue cell preparations.

I'ype 2 containing greater proteolytic activities, especally
clostripain activities. It is generally used for heart, bone, muscle,
thyroid and cartilage.

Type 3 selected because of low proteolytic activity. It is usually
used for mammary cells.

Type 4 selected because of low tryptic activity. It is commonly
used for islets and other applications where receptor integrity is
crucial.

Introduced in 2007, Animal Origin Free collagenase
(code CLSAFA) is derived from cultures grown in medium
completely devoid of animal based components and designed
for bioprocessing applications where introduction of potential
animal derived pathogens must be prevented. Levels of secondary
proteases are similar to Types 1 and 2.

Correlations between type and effectiveness with different
tissues have been good, but not perfect, due in part to variable
parameters of use. Nevertheless most researchers consider
the tissue-typing of crude collagenase lots to be a valuable
service. A detailed description of the Worthington collagenase
assay can be found in the Worthington Enzyme Manual or at:
www.worthington-biochem.com.

If you find one of the types of collagenases suitable for your
cell isolation procedure, you may want to try Worthington’s
Collagenase Sampling Program. This cost-free program lets
researchers pre-sample different lots of collagenase and evaluate
them in their specific applications to achieve the best combination
of cell yield and viability. (See page 150 of this guide for further
information.)

Trypsin

Trypsin is a pancreatic serine protease with a specificity for
peptide bonds involving the carboxyl group of the basic amino
acids, arginine and lysine. Trypsin is one of the most highly
specific proteases known, although it also exhibits some esterase
and amidase activity.

Purified trypsin alone is usually ineffective for tissue dissociation
since it shows little selectivity for extracellular proteins.
Combinations of purified trypsin and other enzymes such as
elastase and/or collagenase have proven effective for dissociation.

“Trypsin” is also the name commercial suppliers have given to
pancreatin, a crude mixture of proteases, polysaccharidases,
nucleases and lipases extracted from porcine pancreas. NF
1:250, a commonly used “trypsin” preparation, has the potency
to bring about the proteolytic digestion of 250 times its weight
of casein under assay conditions specified by the National
Formulary. It is important to realize that this assay procedure
is not specific for trypsin, although pancreatin does contain this
enzyme. Nomenclature notwithstanding, crude “trypsins” like
NF 1:250 and 1:300 are widely used for dissociating tissues,
perhaps because the tryptic and contaminating proteolytic and
polysaccharidase activities do bring about a preferential attack of
the extracellular matrix. It appears, however, that crude trypsin
and crude collagenase dissociate tissues by different mechanisms,
and difficulties are often encountered when using NF 1:250
preparations -- the most common being incomplete solubility, lot-
to-lot variability, cell toxicity, and cell surface protein/receptor
damage.

In tissue culture laboratories, researchers use purified trypsin to
release cells into suspension from monolayers growing on the
interior surfaces of culture vessels. Most cells originating from
normal tissues and not highly adapted to artificial culture conditions
grow in monolayers, i.e., a layer of cells one cell thick adhering to
the interior surface of the culture vessel. Because such cells are
more like cells in normal tissues, many tissue culture researchers
are studying cells that grow in monolayer culture.

Monolayer cultures are commonly grown in glass or polystyrene
roller bottles, culture flasks, or Petri dishes. Plastic vessels used in
tissue culture work are specially treated to ensure good adherence
of cells to the vessel walls. For a detailed discussion of cell
harvesting, see page 6 of this guide.

Some of the most frequently used grades of purified trypsin for
cell isolation procedures are the Worthington product Codes: TL,
TRL, TRLS, and TRTVMEF. These products are suitable for cell
harvesting as well as tissue dissociation.

Elastase

Pancreatic elastase is a serine protease with a specificity for peptide
bonds adjacent to neutral amino acids. It also exhibits esterase
and amidase activity. While elastase will hydrolyze a wide variety
of protein substrates, it is unique among proteases in its ability
to hydrolyze native elastin, a substrate not attacked by trypsin,
chymotrypsin or pepsin. It is produced in the pancreas as an
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inactive zymogen, proelastase, and activated in the duodenum by
trypsin. Elastase is also found in blood components and bacteria.

Because elastin is found in highest concentrations in the elastic
fibers of connective tissues, elastase is frequently used to dissociate
tissues which contain extensive intercellular fiber networks.
For this purpose, it is usually used with other enzymes such as
collagenase, trypsin, and chymotrypsin. Elastase is the enzyme of
choice for the isolation of Type II cells from the lung.

Hyaluronidase

Hyaluronidase is a polysaccharidase with a specificity for endo-
N-acetylhexosaminic bonds between 2-acetoamido-2-deoxy-
beta-D-glucose and D-glucuronate. These bonds are common
in hyaluronic acid and chondroitin sulfate A and C. Because
these substances are found in high concentrations in the ground
substance of virtually all connective tissues, hyaluronidase is often
used for the dissociation of tissues, usually in combination with a
crude protease such as collagenase.

Papain

Papain is a sulthydryl protease from Carica papaya latex. Papain
has wide specificity and it will degrade most protein substrates
more extensively than the pancreatic proteases. It also exhibits
esterase activity.

With some tissues papain has proven less damaging and more
effective than other proteases. Huettner and Baughman (J.
Neuroscience, 6, 3044 (1986)) describe a method using papain
to obtain high yields of viable, morphologically intact cortical
neurons from postnatal rats which is the basis of the Worthington
Papain Dissociation System described on page 14.

Chymotrypsin

Chymotrypsin is a protease which preferentially catalyzes the
hydrolysis of peptide bonds involving the aromatic amino acids
tyrosine, phenylalanine, and tryptophan. In addition it acts upon
the peptide bonds of leucyl, methionyl, asparagenyl and glutamyl
residues, and the amides and esters of susceptible amino acids.

Chymotrypsin is used to a limited extent in tissue dissociation,
usually in combination with trypsin and elastase.

Deoxyribonuclease I

Often as a result of cell damage, deoxyribonucleic acid leaks into
the dissociation medium increasing viscosity and causing handling
and recovery problems. Purified deoxyribonuclease (DNase) is
sometimes included in cell isolation procedures to digest the
nucleic acids without damaging the intact cells.

Neutral Protease (Dispase)

Neutral Protease (Dispase) is a bacterial enzyme produced by
Bacillus polymyxa that hydrolyses N-terminal peptide bonds
of non-polar amino acid residues and is classified as an amino-
endopeptidase. Its mild proteolytic action makes the enzyme
especially useful for the isolation of primary and secondary
(subcultivation) cell culture since it maintains cell membrane
integrity.

Neutral Protease (Dispase) is also frequently used as a secondary
enzyme in conjunction with collagenase and/or other proteases in
many primary cell isolation and tissue dissociation applications.
Neutral Protease (Dispase) dissociates fibroblast-like cells more
efficiently than epithelial-like cells so it has also been used for
differential isolation and culture applications. Other advantages
are its non-mammalian (bacterial) source and its ability to be
inhibited by EDTA.

Trypsin Inhibitor (soybean)

The trypsin inhibitor from soybean inactivates trypsin on an
equimolar basis; however it exhibits no effects on the esterolytic,
proteolytic or elastolytic activities of porcine elastase. Cell
isolation procedures occasionally call for a trypsin inhibitor,
usually the inhibitor from soybean (Worthington Code: SIC).

Trypsin Inhibitor (ovomucoid)

The trypsin inhibitor from ovomucoid (egg white) also inhibits
papain activity. With papain’s increased use in neural and
endocrine cell isolation applications, ovomucoid trypsin inhibitor
is more widely used as an efficient way to stop these digestions. It
is also a component of Worthington’s Papain (Neural) Dissociation
System, supplied combined with BSA to create a single step density
gradient for papain inhibition and cell recovery.

Animal Origin Free (AOF) Enzymes

General interest in Animal Origin Free (AOF) tissue dissociation
enzymes has dramatically increase to avoid potential
contamination with mammalian agents such as prions and viruses.
Worthington produces several AOF collagenases, proteases
and nucleases for those requiring AOF enzymes, please check
online or our current catalog for these products.

Note: Application specific cell isolation systems have been
developed by Worthington to eliminate the need for experimenting
with various enzyme combinations and use testing several lots of
collagenase. Descriptions for these systems begin on page 10 of
this guide.

Cell Isolation Techniques
Methods and Materials

Working With Enzymes

e All of the enzymes Worthington offers for tissue dissociation
applications are available as lyophilized powders for
convenience, versatility, and stability. As such they may be
stored at 2 — 8°C, and they can be shipped without special
handling. While lyophilization makes shipping and storing
the enzymes easier, special care is required when opening any
of the vials.

e Lyophilized proteins tend to be very hydroscopic so they
should not be opened in humid areas. Be sure that any vial has
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been brought to room temperature before opening. Ideally,
the vials should be taken from the refrigerator at least a half
hour before opening, and they should be left in a dessicator.
Before opening any of the vials, be sure it is not at all cool
to the touch. All of the cell isolation enzymes cited in this
section can be repeatedly warmed to room temperature and
then returned to the refrigerator as long as these precautions
are followed.

e Once diluted with media or buffer, proteolytic enzymes may
undergo autolysis. Dissolve enzymes immediately before
use.

¢  Special care must be taken with the deoxyribonuclease. This
product is very prone to shear denaturation. Mix gently.

*  Reconstituted enzymes should not be stored at 2—-8°C.
If necessary they can be aliquoted and frozen at —20°C.
Avoid repeated freeze-thaw cycles.

e All enzymes, upon reconstitution, can be sterile filtered
through a 0.22xm pore size membrane.

¢  Generally most of the enzymes used in cell isolation procedures
(except trypsin) can be directly dissolved in a balanced salt
solution or buffer of choice. Stock solutions of trypsin should
be made initially by reconstituting the enzyme in 0.001N
HCI. This solution can be diluted into the digestion medium
or buffer immediately prior to use.

Basic Primary Cell Isolation Protocol
(Refer to references for application specific parameters)

e For non-perfusion, mince or cut the isolated piece of tissue
into 2-4 millimeter pieces with sterile scissors or scalpel.

e Add the tissue pieces to the appropriate buffer or balanced salt
solution on ice and wash 2-3 times.

e Add appropriate amount of enzyme(s) and incubate at
optimum temperature (usually 37°C) for appropriate time,
mixing intermittently.

e Gently disperse the cells by pipeting (trituration).

*  Filter the cell suspension through fine mesh.

e Allow the cells to settle and decant excess liquid containing
enzymes. Wash and repeat 2-3 times.

e  Resuspend cells in appropriate medium or buffer.

¢ Quantitate cell yield and viability.

e Seed cells for culture, if required.

Perfusion procedures require special equipment and techniques
for recirculating the buffers, media and enzymes. Please refer to
referenced texts for additional information and guidance.

Balanced Salt Solutions

The compilation of standard balanced salt solutions with their
references found in the following table can be helpful in selecting
an appropriate dissociation solution.

Standard Solution Table

Composition of Selected Balanced Salt Solutions*”

Ringer* Tyrode®  Gey® Earlet Puck" Hanks' Dulbecco
(PBS)*

NaCl 9.00 800 7.00 6.80 8.00 8.00 8.00
KCl 042 020 037 040 040 0.40 0.20
CaCl, 025 020 0.17 020 0012 0.14 0.40
MgCl*6H,0 0.10 021 0.10 0.10
MgSO,+7H,0 007 0.10 0.154 0.10

Na,HPO 1 H, 3.00 0.39 0.12 231
NaH,PO4+H,0 0.05 0.125

KH,PO, 0.03 0.15 0.06 0.20
NaHCO, 1.00 227 220 0.35

Glucose 100 100 100 1.10 1.00

Phenol Red 0.05 0.005 0.02
Atmosphere air air 95%air/ 95%air/ air air air

5%C0, 5%CO,

a Amounts are given as grams per liter of solution

b In some instances the values given represent calculations from data presented
by the authors to account for the use of hydrated or anhydrous salts

¢ S. Ringer, J. Physiol. (London) 18,425 (1895)

d M.V. Tyrode, Arch. Int. Pharmacodyn. Ther., 20,2025 (1910)

R.C. Parker, “Methods of Tissue Culture”, 3rd ed., p. 57, Harper, New York,

1961
G.O. Gey and MK. Hey, Am J. Cancer, 27,55 (1936)

WR. Earle,J. Natl. Cancer Inst, 4,165 (1943)

T.T. Puck, S.J. Cieciura, and A. Robinson, J. Exp. Med. 108,945 (1958)
J.H. Hanks and R.E. Wallace, Proc. Soc. Exp. Biol. Med., 71,196 (1949)
PBS, phosphate-buffered saline

R. Dulbecco and M. Vogt,J. Exp. Med., 99,167 (1954)

1¢]

Ao = T 0e

Equilibration with 95%0,:5%CO,

Inmany cell isolation procedures it is important to the survival of the
tissue during dissociation that the incubation medium be both well
oxygenated and buffered at physiological pH. Both requirements
are satisfied when the medium is equilibrated with 95%0,:5%CO.,,.
Several balanced salt solutions contain the pH sensitive indicator
dye, phenol red. When it is red or purple in color, the medium is
too alkaline. This sometimes occurs when the tissue is placed in
the dissociation enzyme solution. Reequilibration with O,:CO, is
usually necessary prior to incubation.

Gas should not be bubbled directly into any solution containing
protein. This can result in frothing and denaturation of the protein
with loss of biological activity. Gas can be sterilized by passage
through a 0.22 micron membrane filter or through a sterile fiber
plug such as the cotton plug in a sterile Pasteur or volumetric
pipette. While mixing the solution, pass O,:CO, continuously
through the space above the liquid until color indicates pH 7.2-7 4.
The balanced salt solution is often pre-gassed but should be
equilibrated with sterile O,:CO, each time the bottle is opened.

Buffered balanced salt solutions will usually maintain constant
pH regardless of the degree of oxygenation/carbonation and as
a result can be easier to work with. Certain cell types may be
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sensitive to particular buffer salts. The reference tables can be
useful in selecting an appropriate balanced salt solution, buffer, or
dissociation media for a specific application.

Trituration
(Cell dispersion through mild pumping action)

This can be a crucial procedure. It serves to break up the tissue
fragments following incubation in the dissociation mix. If done
too vigorously, cells will be destroyed lowering viability; too
weakly and tissue fragments will be left intact lowering yield.
Gentle trituration, using a 10ml pipette, constitutes filling and
emptying the barrel at a rate of about 3.0ml per sec. You can best
determine a suitable rate for your tissue through trial and error.
Avoid bubbling the cell suspension.

Enzymatic Cell Harvesting

Most non-malignant cells growing in vitro move about and divide
until they form a monolayer one cell thick completely covering
the surfaces of the culture vessel. Movement and proliferation
normally cease when confluence is reached. Harvesting cells
for study, processing or subculture requires dissociation and
detachment of the monolayer. Limited treatment of the cell layer
with the enzyme trypsin is the method most frequently applied.

It was formerly thought that trypsin preparations simply hydrolyzed
a proteinaceous adhesive bonding substance responsible for the
tenacious attachment of cells to their substratum with the resultant
detachment of the cells from the culture vessel. It is now felt
that the mechanism of action of trypsin in cell harvesting is more
complex. This section summarizes recent information on this
subject.

Cell Adhesion and Harvesting

During interphase, fibroblast-like cells in culture are spread out
on the substratum in a characteristic, spindle-shaped configuration.
There are differences of opinion as to whether the actual areas of
cell adhesion are distributed over most of the undersurface of
the cell or are localized in relatively narrow patches near the cell
margins, principally in the vicinity of ruffling activity. In either
case, these areas of adhesion appear to be composed of clusters of
attachment points, each about 1 ym in diameter. The individual
attachment points are apparently the distal portions of a cell
cytoskeleton structure bound to the substratum.

Within minutes after subjecting cultured cells to cold temperatures,
chelating agents or trypsin solutions, they change shape drastically
by rounding up and blebbing. Electron micrographs show many
long retraction fibers with a diameter of 0.25 — 0.5¢m running
from the surface of the rounded cell body to enlarged, terminal
bulb attachment points previously located on the flattened cell’s
undersurface.

The cells remain attached to the substratum until the fibers are
broken, either mechanically by tapping or shaking the culture

vessel, or chemically by the continued action of chelators and/or
trypsin. (Cold temperatures alone are sufficient for rounding up
but not for detachment. These conditions also greatly diminish
the entry of trypsin into the cell.) Soon after cell detachment from
the surface of the culture vessel, and subculture into new vessels
containing trypsin-free medium, cytoplasm flows into the broken
retraction fibers and refills them. Within an hour the rounded cells
begin to take on their characteristic shape.

Trypsin for Cell Harvesting

In 1916, Rous and Jones used “the trypsin powders of Merck,
Brubler and Kahlbaum” to digest the plasma clots in which
living cells were growing in order to obtain a cell suspension
for subculturing. Vogelaar and Erlichman in 1934 were the next
researchers to utilize the digestive enzymes in a crude trypsin
preparation to liquify the coagulated plasma in which human
fibroblasts were growing prior to subculturing. Techniques using
trypsin similar to those used today were introduced by Scherer,
Syverton and Gey in 1953 to harvest the then newly cultivated
HeLa cell strain for subculturing and biochemical analysis. These
workers tested both recrystallized trypsin and NF 1:250 trypsin for
cell harvesting and found that the purified trypsin was more potent
and less toxic to cells. Nevertheless the NF 1:250 preparation
was employed for routine harvesting simply because it was less
expensive.

Relatively crude pancreatic preparations like NF 1:250 trypsin are
still used today for cell harvesting in spite of the fact that they
exhibit considerable lot-to-lot variability and contain extraneous
substances and other enzymatic activities. Impurities in crude
trypsin can cause unnecessary damage to cells and a reduction of
cloning efficiency. Use of higher purity crystalline trypsin can
eliminate many of these difficulties.

None of the contaminants present in the NF 1:250 materials appears
to be essential for cell harvesting activity since purified trypsin
is very effective for monolayer dissociation, and since crude NF
1:250 trypsin plus soybean trypsin inhibitor is ineffective.

McKeehan and Ham report markedly improved viability and
multiplication potential to single cells in low serum medium when
harvesting with crystalline trypsin at reduced temperatures, i.c.,
at 4°C.

Cell Release Procedure

In order to transfer or pass cells in monolayer culture from one
culture vessel to another it is necessary to release cells from the
monolayer into suspension so that they can be easily handled by
pipetting and diluting.

Releasing cells from the monolayer is almost always accomplished
with purified trypsin by a procedure known as trypsinization.
A usual trypsinization procedure follows.
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Trypsinization Procedure
1. Remove culture medium from cells.

2. Add sterile trypsin solution (in BSS-balanced salt
solution, normally calcium-free Hanks).

3. Allow trypsin solution to act on monolayer for several
minutes at room temperature or 37°C. (or longer at
2-8°C.)

4. Remove trypsin solution gently, so as not to disturb
cells.

5. Add BSS or media (often with serum or trypsin inhibitor
to inactivate residual trypsin) and agitate vessel to disrupt
monolayer and suspend cells.

Note: Some researchers have found that procedures using
crystalline trypsin can provide increased viability in cells
after they are released. Viability is usually determined by
measuring cloning efficiency, i.e., the ability of a single cell
to attach to the wall of a culture vessel and divide to produce a
colony of cells which is visible to the naked eye after staining.

Optimization Techniques

General Guidelines

Although optimization of a cell isolation procedure for a
particular cell type is dependent upon the adequate recovery of
cells having various required characteristics, some guidelines
can be established. The information in this guide regarding cell
isolation and the enzymes used, when combined with logic and
suitable experimental design, should lead to the development of
a satisfactory cell isolation method. (See Freshney, 1987 for a
detailed discussion) The complex relationship between cell yield
and viability can be represented by the simplified illustrations
shown below. In general there is an area of optimized recovery
balanced between yield and viability; working near the middle
of this range will reduce variability in the results of the cell
isolation procedure. Understanding this relationship and how it
can vary with a particular cell type and application, can make the
optimization process easier.

For troubleshooting purposes various possible results, along with
suggested corrective actions are listed below. Keep in mind that
there are no clear lines between the quadrants but rather converging
zones with variable areas of overlap.

1
1
Low Yield 1 High Yield
High Viability 1 High Viability
1

Low Yield ' High Yield
Low Viability : Low Viability

Cell Viability

CellYield

CellYield

Low Yield/Low Viability: Over/under dissociation, cellular
damage. Change to less digestive type enzyme and/
or decrease working concentration. (e.g. from trypsin to
collagenase/ from Type 2 collagenase to Type 1).

Low Yield/High Viability: Under dissociation. Increase enzyme
concentration and/or incubation time and monitor both yield
and viability response.

If yield remains poor, evaluate a more digestive type enzyme
and/or the addition of secondary enzyme(s).

High Yield/Low Viability: Good dissociation, cellular damage.
Enzyme overly digestive and/or at too high a working
concentration. Reduce concentration and/or incubation time
and monitor yield and viability response.

Try diluting the proteolytic action by adding bovine serum
albumin (BSA) (0.1 =0.5% w/v) or soybean trypsin inhibitor
(0.01 - 0.1% w/v) to the dissociation.

Try using less proteolytic enzyme although yield may be
affected and should be monitored.

High Yield/High Viability: The place to be! Consider evaluating
the effect of dissociation parameters to learn their limitations for
future reference.

A scale showing the relative digestive power of the enzymes
commonly used follows for reference. Refer to this scale when
troubleshooting a dissociation and planning isolation strategy.

Enzyme Digestion Scale

Strongly Digestive

Trypsin

Papain

Elastase
Hyaluronidase

Collagenase Type 2
Collagenase Type 1
Collagenase Type 4
Collagenase Type 3

Neutral Protease (Dispase)
Deoxyribonuclease |

Weakly Digestive
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Optimization Strategy

Review the reference tables starting on page 22 for the particular
tissue and cell type of interest, and then apply this information to
the practical application of tissue dissociation. An example of a
basic optimization strategy follows:

Based upon the enzyme(s) cited, working concentrations and
the buffer or media system used, set up proposed preliminary
dissociation conditions similar to the closest available reference(s)
listed in the tables.

Note: If a majority of the most similar referenced
procedures cite the use of more than one enzyme, optimize
the concentration of the primary enzyme (the one at the
highest relative concentration) before adding the secondary
enzyme(s). For example, if the two most similar references
cite collagenase 0.1% with DNase 0.01% and collagenase
0.075% with hyaluronidase 0.025%, optimize the collagenase
concentration empirically before evaluating the effects of
either the hyaluronidase or the deoxyribonuclease. After
optimizing the primary enzyme’s concentration and incubation

conditions evaluate any secondary enzyme(s).

1. Initially vary the concentration of the primary enzyme
approximately 50% relative to the referenced procedure(s).
The above example of collagenase concentrations 0.1% and
0.075% suggests an evaluation of enzyme concentrations
between 0.025% and 0.15%. The concentration increments
should be evenly distributed to cover this entire range. As a
result incremental concentrations of 0.025%, 0.05%,0.075%,
0.10%, 0.125% and 0.15% would be indicated. To simplify
the initial screening the middle of the range can be selected
and, after evaluation of yield and viability results, a decision
can be made regarding the need for further studies. In this
case initial collagenase concentrations evaluated may be
0.05%,0.075%,0.10% and 0.125%.

Note: Historically, most tissue dissociation and cell isolation
protocols have cited the enzyme concentration used in terms of
weight per unit volume (w/v). More recently, however, some
researchers have begun to use the enzymes on an activity basis,
that is, units per milliliter (u/ml). Use either method but consider
the advantages and disadvantages of each:

1. The traditional weight per unit volume method most likely
resulted from the use of cruder, partially purified mixtures
of enzymes and is used independently of any specific or
contaminating activities which may be present. With some
of these crude preparations the lot-to-lot variation can be
significant resulting in up to a two-fold difference in the
amount of enzymatic activity added on a weight basis.

2. Adding by activity can result in a possible two-fold difference
in the amount of weight added to a dissociation; however,
normalizes the potency used based upon the primary activity
for each lot.

Both methods ignore the relative contaminant activity levels.
Upon establishing a basic method, consider pre-sampling different
lots of enzyme(s) to evaluate these factors and to select a lot of
enzyme which has minimal effect upon the critical parameters of
a specific application.

Important: For accurate evaluation of a particular procedure’s
performance, cell yield and viability should be quantitated and
compared. After optimizing basic dissociation and isolation
conditions, the specific application parameters such as metabolic
function(s) or receptor binding capability should also be evaluated.
Based upon these results the method may be judged suitable
for use or re-optimized for higher retention of native cellular
charactaristics.

Cell Quantitation

It is important to quantitate the results of each dissociation step
in order to effectively evaluate each procedure. The use of a cell
counting chamber (hemocytometer) for yield quantitation and the
use of trypan blue for viability quantitation are recommended.
The use of a hemocytometer for cell yield quantitation is outlined;
however, newcomers to this procedure can refer to more detailed
discussions (see Freshney, Culture of Animal Cells, page 227).

Required Supplies:

Improved Neubauer Hemocytometer
Cell Compatible Media or BSS
Pasteur Pipet or Micropipettor
Microscope (10X)

Counter

Procedure:

1. Carefully clean the counting chamber surface and the coverslip
of the hemocytometer with 70% isopropanol and allow to air
dry. Be careful not to scratch these surfaces.

2. Wet the sides of the coverslip with reagent grade water and
align the coverslip over the counting chamber.

3. Take a well mixed 20-50 1l aliquot of the dissociated cell
suspension using either a Pasteur pipet or a micropipettor only
drawing the cells into the tip. Immediately transfer the cell
suspension to the counting chamber by placing the tip of the
pipet at the edge of the chamber and allowing the chamber to
fill completely via capillary action. Do not over- or underfill
the chamber.

4. Repeat this procedure using another aliquot sample for the
second chamber on the opposite side of the hemocytometer.

5. Place the hemocytometer on the microscope stage and, using
the 10X objective, focus on the counting chamber grid lines.
Adjust the contrast as needed to clearly see both the grid and
the dispersed cells.
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6. Adjust the field area by slowly moving the slide to obtain a

central grid bounded by three lines on all sides (see figure
below). Count the total number of cells present in this 1 mm?
area including those cells which are on the top and left borders
and excluding those on the right and bottom borders.

ON

\ \\ 1 mm
. Ll
1 mm? working
count ﬂ
UL

7. For accuracy count at least 100-500 cells. Depending upon
yield and density more or fewer areas may be counted.

8. Repeat the count for the second chamber. If no second
chamber exists, the slide should be cleaned and the process
repeated.

Calculation:

C=Nx 10
where C = cells per milliliter

N = average of cells counted
10* = volume conversion factor for 1 mm?

Total Yield=Cx V
where V = total volume of cells (ml)

Example:

Count, = 182 cells/mm?
Count, = 175 cells/mm?

Volume of Cells = 55 ml

Average cells counted = Count, + Count,
2
= 182 + 175
2
=178.5

C =178.5x 10*= 1,785,000 cells/ml

Total yield =C x V =1,785,000 x 55 = 98,175,000 cells

Note: For best results the cell density should be at least 10° cells
per milliliter. Common errors occur by improper mixing of the cell
suspension prior to sampling and/or by allowing the cells to settle
in the pipet prior to loading the hemocytometer counting chamber.
Avoid the counting of multiple cell aggregates; the presence of
aggregates indicates incomplete dissociation which may require
further optimization of the isolation parameters. A single cell
suspension provides the best results.

Measure of Viability

One of the simplest methods to approximate cell viability is the
dye exclusion technique. This method utilizes an indicator dye
to demonstrate cell membrane damage. Cells which absorb the
dye become stained and are considered non-viable. Dyes such
as trypan blue, erythrosin, and nigrosin are commonly used with
trypan blue being the most common in preliminary cell isolation
procedures.

This procedure can be performed along with the cell counting
procedure but cell density may require adjustment in order to
obtain approximately 10° cells per milliliter.

Procedure

1. Mix 1 drop of trypan blue with one drop of the cell suspension
and allow 1 - 2 minutes for absorption

2. Prepare hemocytometer and load chambers as described in
“Cell Quantitation”.

3. Count both the total number of cells and the number of stained
(dark) cells.

Calculation
Percent Viability =
Total Cells Counted - Stained Cells
Total Cells Counted x 100
Example
Total Cells / 1 mm? = 182
Stained Cells = 24
% Viability = 11222— 24 _ 118i28 100
= 86.8% Viability

Note: Dye exclusion viability procedures tend to give high estimates
of cell viability when compared to cell attachment or metabolic
assays, but for optimization of cell isolation procedures trypan
blue does provide a rapid estimate of dissociation performance in
conjunction with yield quantitation.
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Use-Tested Cell Isolation Systems

Worthington currently offers Cell Isolation Systems which are kits
containing enzymes and other required reagents for performing
tissue dissociation without having to purchase individual packages
of one or more enzymes and pre-testing various lots of some
enzymes. Some are designed for working with specific tissues,
and one kit is a general purpose procedure development system.
In all cases the enzymes which are included in the kits are regular
Worthington products which can be purchased independently as
needed.

Cell Isolation Optimizing System (CIT)

The Cell Isolation Optimizing System is a complete method
development kit containing an assortment of enzymes most

frequently used in tissue dissociation and cell isolation procedures.
The kit includes instructions, references and strategies for the
handling, use and optimization of enzymatic cell isolation methods
to achieve maximum yield of viable cells. The system is designed
to offer versatility in developing a method of obtaining cells from
many different tissue types and sources in a cost-efficient manner.

The “System” contains all of the enzymes produced by
Worthington commonly referenced in tissue dissociation and cell
isolation procedures along with the Cell Isolation Guide detailing
the various enzymes, tissue culture techniques, and protocol
optimization guidelines similar to those outlined in this guide. In
addition the guide lists hundreds of cell and tissue specific isolation
references for getting started in enzymatic cell isolation.

CIT Kit Contents
Enzyme Code* ty/Vial
Collagenase Type 1 CLS1 500 mg dw
Collagenase Type 2 CLS2 500 mg dw
Collagenase Type 3 CLS3 500 mg dw
Collagenase Type 4 CLS4 500 mg dw
Trypsin TRL 500 mg dw
Hyaluronidase HSE 50,000 Units
Elastase ESL 100 mg P
Neutral Protease (Dispase®) NPRO 10 mg dw
Papain PAPL 100 mg P
Deoxyribonuclease I DP 25 mg dw
Trypsin Inhibitor SIC 100 mg dw

dw = dry weight
P = protein

* The code which appears in the table for each of the enzymes corresponds to the codes found
in our regular catalog.

Itisintended to serve both as a development tool for the experienced
researcher and as an educational aid for students of cell biology.

Hepatocyie Isolation System

Introduction

Most traditional methods published for isolating hepatocytes

use crude and partially purified enzyme preparations including
various types of collagenase and other proteases. More recently
the use of better characterized preparations of collagenase such
as Worthington Types 1 and 4 (CLS-1, 4) have provided better
results. All crude collagenase preparations can contain lot-
variable contaminating proteases, esterases and other enzymes
requiring researchers to pre-screen several lots of enzyme and/or
continually modify isolation parameters and protocols.

The Worthington Hepatocyte Isolation System has been
developed to provide researchers with a reliable, convenient,

and consistent hepatocyte cell isolation system. By using the
pre-optimized combination of enzymes contained in this kit, it

is possible to minimize the lot-to-lot variation and improve the
quality of the isolated hepatocytes. In addition, Worthington
use-tests each lot by isolating hepatocytes from adult rat to assure
performance, reliability, and consistent yield of viable cells.

The method is based on that described by Berry, M.N., modified
by Seglen, P.O. (Methods in Cell Biology, vol XIII, David M.
Prescott ed., Academic Press, 1976; Chapter 4, “Preparation of
Isolated Rat Liver Cells”, pp 29-83), and further optimized in
conjunction with several researchers.

The Hepatocyte Isolation System has also been adapted for the
isolation of hepatocytes from mice. Please contact Worthington’s
Technical Service for additional mouse application information.

Description and Package Contents

The package contains sufficient materials for five separate adult
rat liver perfusions. For larger or smaller tissue applications,
prepare proportionate volumes of reagents at each step and
combine them in the same ratio as described in the protocol.

Vial #1: 10X CMF-HBSS Concentrate, 1 bottle, 500ml

Sterile calcium- and magnesium-free Hank’s Balanced Salt Solution (CMF-
HBSS). The solution is used for washing and perfusing the liver prior to the
addition of the dissociating enzyme solution.

Vial #2: Collagenase-Elastase Enzyme Vial, 5 Vials

Worthington collagenase (Code: CLS-1) and elastase (Code: ESL), filtered
through 0.22pm pore size membrane, and lyophilized. Before use, reconstitute
with the L-15/MOPS solution and swirl gently to dissolve contents as directed in
the following procedure. Store unreconstituted vials at 2—-8°C.

Vial #3: 1,000 Units DNase I each, 5 Vials

Worthington DNase I (Code: D), filtered through 0.22xm pore size membrane,
and lyophilized. Before use, reconstitute with L-15/MOPS solution and

swirl gently to dissolve contents as directed in the following procedure. Store
unreconstituted vials at 2-8°C.

Vial #4: 0.15M MOPS, pH 7.5, 1 bottle, 75ml
0.15M MOPS, pH 7.5 buffer concentrate, used to buffer the reconstituted
Leibovitz L-15 media.
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Vial #5: 7.5% Sodium Bicarbonate (NaHCOS), 1 bottle, 100ml
7.5% Sodium bicarbonate concentrate, used to buffer the diluted CMF-HBSS.

Pouch, containing Leibovitz L-15 Media Powder: 1 x 1L

Reconstitute entire contents of pouch by cutting open top of envelope and pouring
contents into beaker containing approximately 800ml of cell culture grade water.
Rinse pouch 2 - 3 times with an additional 100ml water. Bring total volume to
1000ml1 and filter through a 0.22 micron pore size membrane.

Required for Perfusion Isolation but not Included:

e  Equipment and tools for animal anesthesia and surgery

e A perfusion apparatus with a bubble trap suitable for liver
perfusion at 10-30ml/min, 37°C. The tubing to be inserted
into the portal vein is thin-walled with an inner diameter of
0.35-0.45mm

Note: Measure the dead volume of the perfusion circuit

e  Alow-speed centrifuge suitable for sedimentation of
hepatocytes

° Labware for cell sedimentation, and culture or incubation

including sterile 150 X 25mm culture plates

A means to count or estimate the yield of cells

A means to sterile-filter solutions, if desired

Cell culture media and supplies, if needed

Sterile cell culture grade water

Concentrated antibiotics: penicillin, streptomycin,

Fungazone, etc. for culture, if needed.

Surgical thread, silk, size 000

Heparin (optional)

For Cell Quantitation and Viability Assessment:

. Improved Neubauer hemocytometer

. Counter

. Pasteur pipet or micropipettor

. Microscope (10X), preferably inverted phase-contrast
. Standard 10ml serological pipets

Note: The following procedure presumes previous experience
in liver digestion and cell isolation. For those not experienced,
refer to the publication by Seglen referenced above, or to Alpini
et al. entitled “Recent Advances in the Isolation of Liver Cells”
published in Hepatology (1994) 20:494-514. Perfusion of the
liver while still in the peritoneal cavity is described in “Isolated
Hepatocytes Preparation, Properties and Application”, by Berry,
M.N., Edwards, A.M. and Barritt, GJ; RH Burdon and PH Van
Knippenberg, eds., Elsevier, Amsterdam, New York, Oxford,
Chapter 2.

Procedure For Cell Isolation

I. Preliminary Steps for Digestion of 1 Liver

The volumes specified in the following protocol are suitable for perfusion
volumes of approximately 80-100ml. Proportional adjustments may be necessary
for different perfusion systems.

Note: Sterile techniques, glassware and plasticware should be used. The use of a
sterile hood is also recommended to avoid culture contamination.

Prepare:

e Vial #1, 10X CMF-HBSS: Dilute 100ml of the 10X CMF-HBSS with 850ml of
sterile water and add 4.7ml of 7.5% Sodium Bicarbonate (Vial #5, NaHCO,) in

a sterile 1L bottle. Adjust pH if necessary to 7.4. Bring (QS) to a total volume of
1L with sterile water. If sterile water is not available, mix ingredients and sterile
(0.22u) filter. Makes a total of 5L.

¢ Leibovitz L-15 Media, 1 x 1L: Reconstitute entire contents of pouch by cutting
open top of envelope and pouring contents into beaker containing 800ml of

cell culture grade water. Rinse pouch 2 - 3 times with an additional 100ml
water. Bring total volume to 1000ml and filter through a 0.22 micron pore size
membrane.

* Enzyme Buffer Solution:, Combine 13.3ml of MOPS concentrate with 10ml
sterile water and 76.7ml of L-15 in a sterile 100ml bottle.

Transfer sufficient L-15/MOPS into one each of Vial #2 and into one Vial #3 to
dissolve the contents, mix gently to completely dissolve and transfer the enzymes
back to the 100ml bottle. The collagenase, elastase and DNase concentrations
will be approximately 225U/ml, 0.3U/ml and 10U/ml, respectively.

¢ Flush the sterile perfusion apparatus with CMF-HBSS, eliminating all air from
the system except that in a bubble trap.

¢ Place the 150 x 25mm or equivalent Petri dish close to the perfusion apparatus
to receive the perfused liver.

I1. Perfusion and Digestion of Adult Rat Liver

The following steps should be performed in a laminar flow hood or safety cabinet.
In particular, the digested liver should be processed under sterile conditions unless
acute incubations will terminate the procedures.

1. Pretreatment of the rat with heparin is helpful. Inject i.p. about 20 minutes
before perfusion, or into a vein (Seglen suggests the iliolumbar vein) after
opening the abdomen. Use from 100-200U/100g body weight.

2. Anesthetize a rat, 200-400g weight, and position it for dissection. Install
sufficient padding under the rat to hold the blood and initial perfusate. Place the
rat on its back, tape down the legs, sterilize the abdomen with an iodine solution
or 70% ethanol, and open the abdomen to expose the liver. Move the intestines
to the left side of the abdomen (to the right as you look down with the rat’s head
away from you) exposing the hepatic portal vein.

3. Using a pair of fine, curved forceps, place a segment of 000 surgical thread
underneath and around the portal vein just above (toward the head) the
intersection of the portal vein and the final mesenteric vein close to the liver. Tie

a loose half-square or equivalent knot around the vein. Locate the vena cava so

it can be opened for drainage just before the portal vein (vena porta) is cannulated.
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4. Turn on the perfusion pump containing plain CMF-HBSS with a flow rate
10-15ml/min so that the tubing or cannula can be inserted into the portal vein.
The bath temperature is adjusted so that the perfusate temperature is 37°C. Cut a
nick in the vena cava near the right kidney to lower the blood pressure, and then
with fine surgical scissors cut a nick in the portal vein (partially through) about
Smm below (towards the tail) the knotted thread. Insert the tubing into the portal
vein towards the liver and only several millimeters past the loose knot. The liver
should clear of blood. Tie the surgical threads tightly around the portal vein and
tubing. Cut the vena cava through and increase the perfusate flow rate to 20-25ml/
min.

Note: Establishment of an effective perfusion that flushes the entire
vasculature is essential to the success of the digestion.

5. Remove the liver from the animal with great care; do not rush. Place the liver
onto a mesh stage in such a manner that it can be perfused in a recirculating
fashion. The initial CMF-HBSS perfusate, however, goes to waste.

6. After 7-10 min of CMF-HBSS perfusion, switch to perfusion with the
Enzyme Buffer Solution (L-15 digestion medium containing the enzymes). Start
recirculation after one system-dead-volume of the remaining CMF-HBSS has
gone to waste.

7. Perfuse the liver with the digestion mixture until it swells fully (but not
prematurely) and the liver is fully digested, about 20-30 minutes.

Note: Halt the perfusion immediately by stopping the pump and removing
the liver if the portal vein breaks or if the surface of the liver shows signs of
disintegration when touched with forceps or a blunt object.

8. At the end of the perfusion, stop the pump, gently place the liver in the 150ml
or equivalent culture dish and remove the perfusion tube. Transfer the culture
dish to a sterile hood if not already in one, and add approximately 150ml of fresh
CMF-HBSS to the dish.

9. In the culture dish, gently pull off the lobular capsule membranes with forceps
or dog comb (recommended by Seglen), and rake out the cells. Remove the

large central tree of connective and vascular tissue, and any undigested tissue or
connective tissue.

10. Gently agitate the dish to disperse the cells. Place the dish at an angle by
propping one side on the lid. Allow clumps or connective tissue to settle for
a minute or so, then remove the dispersed cells from the top of the buffer at
the deepest part of the plate, i.e. close to the lower edge, and transfer the cell
suspension to 50ml sterile tubes.

11. Centrifuge for three minutes at low speed (just rapidly enough for loose cell
pellets, e.g. 100 x g) at room temperature.

12. Add more CMF-HBSS to the culture dish and repeat the process to increase
the yield of cells. Repeat as long as clean cells can be removed.

13. As soon as cells are sedimented, add fresh CMF-HBSS, suspend the cells
by inverting the capped tubes, and re-centrifuge as above. Repeat process once
more to remove traces of the digestive enzymes from the cells. Discard the
supernatant(s) and transfer cells to culture medium or buffered medium in a
second 100mm or 150mm culture dish. The yield of cells from a good digestion
of a liver of a 300gm rat is approximately 4-5ml of packed volume after gentle
sedimentation in a centrifuge.

Neonatal Cardiomyocyte Isolation System (NCIS)

The Worthington Neonatal Cardiomyocyte Isolation System has
been introduced to provide researchers with a reliable, convenient,

and consistent cell isolation system. By utilizing purified rather
than crude enzyme preparations, it has been possible to minimize
the lot-to-lot variation. In addition, Worthington use-tests the kits
by isolating cardiomyocytes from neonatal rat hearts to assure
performance, reliability, and consistent yield of viable cells.

The kit has been formulated in conjunction with Dr. Ronal
MacGregor. The method is based on that described by Toraason,
et al. (1988) in which the minced tissue is incubated overnight
with trypsin in the cold. As pointed out by Toraason, this step
reduces the hands on time required to harvest cells compared to
the time involved in sequential incubations in warm trypsin or
collagenase.

The package contains sufficient materials for five separate tissue
dissociations, each containing up to twelve hearts. For larger or
smaller tissue samples prepare proportionate volumes of reagents
at each step and combine them in the same ratio as described in
the protocol.

NCIS Kit Contents

Vial #1: 1 bottle, 500 ml
Sterile calcium- and magnesium-free Hank’s Balanced Salt Solution (CMF
HBSS), pH 7.4. The solution is used for reconstituting the contents of Vials
#2 and #3 in addition to serving as the medium for the dissociation.

Vial #2: 5 vials, 1000 g each
Worthington Trypsin (Code: TRLS), 3X crystallized, dialyzed against 1 mM
HCI, filtered through 0.22 ym pore size membrane, and lyophilized. Before
use, reconstitute with 2 ml CMF HBSS (Vial #1) and swirl gently to dissolve
contents. Store at 2-8°C.

Vial #3: 5 vials, 2000 pg each
Worthington Soybean Trypsin Inhibitor (Code: SIC), a 0.22 ym pore size
membrane filtered, lyophilized powder. Before use, reconstitute with 1 ml
CMF HBSS (Vial #1) and swirl gently to dissolve contents. Store at 2-8°C.

Vial #4: 5 vials, 1500 Units each
Worthington Purified Collagenase (Code: CLSPA), a 0.22 ym pore size
membrane filtered, lyophilized powder which has been chromatographically
purified. It contains less than 50 caseinase units per milligram and is composed
of two separable but very similar collagenases. Before use, reconstitute with
5 ml Leibovitz L-15 Media (prepared as described below) and swirl gently to
dissolve contents. Store at 2-8°C.

Pouch containing Leibovitz L-15 Media Powder: 1x1 L
Reconstitute entire contents of pouch by cutting open top of envelope and
pouring contents into beaker containing 800 ml of cell culture grade water.
Rinse pouch 2 - 3 times with additional 100 ml. Bring total volume to 1 liter
and filter through a 0.22 micron filter.

The kit also includes 5 Cell Strainers (Falcon), and a card correlating phenol red
color with pH for checking the pH of balanced salt solution and culture medium.
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NCIS Procedure

Day 1: Perform the following in the afternoon

Prepare:

Reagent #1, CMF HBSS: 50-60 ml from Vial #1, ice cold.

Reagent #2, Trypsin: reconstitute one of Vial #2 with 2 ml Reagent #1,
ice cold.

One sterile 50 ml centrifuge tube, in ice.

10 cm Petri dish, sterile, on ice.

Transfer 3040 ml of Reagent #1 to the centrifuge tube.

Anesthetize each rat pup, sterilize the abdomen with an antiseptic solution,
and surgically remove the beating heart; immediately place the heart in the
centrifuge tube to chill and rinse. Repeat for remaining rat pups. Swirl the
tube to rinse hearts, then pour off most of the liquid. Rinse the hearts with 10
ml of Reagent #1, pour off the liquid as before, then transfer the hearts to the
Petri dish. Mince the tissue with small scissors or a razor blade to less than 1
mm3 pieces keeping tissue at 0°C.

Add Reagent #1 to Petri dish to a final volume of approximately 9 ml.

Transfer 1 ml of the contents of the trypsin vial (Vial #2) into the Petri dish
and mix completely by swirling. Final trypsin concentration is 50 pg/ml.

Place the lid on the petri dish and immediately place in refrigerator overnight
(16-20 hours) at 2-8°C.

Note: If animals are 4 days old or older, increase the trypsin concentration up to a

maximum of 100 pg/ml.

Day 2: Begin the following in the morning:

Prepare:

10.

11.

Reagent #1, CMF HBSS: 30 ml. ice cold.

Reagent #3, Trypsin Inhibitor: reconstitute one of Vial #3 with 1 ml Reagent
#1. Room temperature.

Reagent #4 Collagenase: reconstitute one of Vial #4 with 5 ml prepared
Leibovitz L-15. Room temperature.

Enough culture medium containing calcium and magnesium for digestion,
centrifugations, and plating in cultureware. (approximately 100 ml for 10
hearts). Room temperature.

Wide-mouth 10 ml serological pipet, sterile (opening about 3 mm diameter)
Standard 10 ml plastic serological pipet

Remove Petri dish from refrigerator and bring to sterile hood on ice. Transfer
tissue and buffer to 50 ml centrifuge tube on ice using wide-mouth pipet.

Transfer contents of Vial #3 into tube and mix.

Oxygenate tissue for 30 seconds to 1 minute if O, is available by passing
oxygen over the surface of the liquid.

Warm tissue and buffer to 30-37°C in water bath, maintaining sterility
(i.e. cap if needed). DO NOT add calcium-containing medium until tissue
fragments are warm.

Slowly transfer the contents of Vial #4 into tube and mix. Cap tube tightly.

Place tube in/on slowly rotating (tumbling) or shaking instrument (2—4 rpm)
at 37°C and incubate for 30 to 45 minutes.

All subsequent steps at room temperature.

12.

Remove tube from incubator and return to sterile hood. With standard 10 ml
plastic serological pipet, triturate about 10 times to release cells. (Trituration
is discussed in the following inset.) Pipet as gently as possible consistent with
successful tissue dispersion.

13.

14.

15.

16.

17.

Rinse a Cell Strainer with 1 ml of the L-15 culture medium. Allow tissue
residue to settle 3—4 minutes, then (with same pipet) filter the supernatant
through the Cell Strainer into a fresh 50 ml centrifuge tube.

Add 5 ml additional L-15 culture medium to tissue residue, repeat trituration
step. Allow tissue residue to settle as before, then filter cells through the same
Cell Strainer. Rinse mesh gently with 2 ml culture medium, oxygenate cells 1
minute, then allow filtered cells to remain undisturbed for about 20 minutes at
room temperature. This allows complete digestion of the partially degraded
collagen. Cells can be held up to 1 hour at this point.

Swirl cells gently; if no clumps have formed and appearance is uniform,
sediment cells at 50-100 x g for 5 minutes (enough to settle the myocytes
and some but not all red cells.) Suspend cells in additional portions of L-15
culture medium and repeat sedimentation as desired. If no sedimentation is
desired, cells can be plated directly from the initial filtrate. Serum is generally
required for plating cells in cultureware.

Suspend final cell pellet in suitable culture medium. Pipet gently to disperse.
No clumps or connective tissue strands should be visible. Count the cells
using a hemocytometer or other method, adjust cell concentration and
add serum as desired, then dispense to tissue cultureware. (Some brands
of uncoated cultureware do not encourage high plating efficiencies. Use
Falcon or equivalant for best results.) Routine cell yields are 2-3 x 10°
cardiomyocytes per heart digested. Good (fairly heavy) seeding levels of
cells should be obtained at 125,000 cardiomyocytes per cm? of culture wells
or flasks. Adhesion may be improved by collagen or fibronectin coating of
the plastic Cell Quantitation and Estimation of Viability are discussed in the
following sections.

Place each plate or flask in a 37°C incubator as soon as it is plated. Do not
touch or otherwise disturb the cells for at least 24 hours.
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Papain Dissociation System (PDS)

The Worthington Papain Dissociation System is a set of reagents
intended for use in the neural cell isolation method of Huettner
and Baughman. The materials are designed for convenience and
simplicity and are useful to the occasional user as well as the
more experienced and frequent user. Each lot is use tested for
performance in tissue dissociation and provides freshly prepared
enzyme solutions for each dissociation.

The reagents are stable at ambient temperatures for the periods
of time expected in normal shipping procedures, but the package
should be refrigerated upon arrival and can be stored at 2-8°C for

up to 4 months before use.
PDS Kit Contents

The package contains sufficient materials for dissociation of five separate tissue
aliquots of up to 0.3 - 0.4 cm?® each. For larger tissue samples prepare proportionately
larger volumes of reagents at each step and combine them in the same ratio as
described in the protocol.

Vial #1: 1 bottle, 250 ml
Sterile Earle’s Balanced Salt Solution (EBSS) with bicarbonate and phenol
red. Aliquots of this vial are used to reconstitute other vials and to prepare
dilute inhibitor solution. Refrigerate between uses and equilibrate with sterile
0,:CO, before each use.

Vial #2: 5 vials, 100 Units each
Papain containing L-cysteine and EDTA. This material is 0.22 micron
membrane filtered and lyophilized in autoclaved vials. A vial reconstituted
with five mls of EBSS (vial 1) yields a solution at 20 units of papain per ml
in one millimolar L-cysteine with 0.5 millimolar EDTA. Brief incubation is
needed to insure full solubility and activity.

Vial #3: 5 vials, 1000 Units each
Deoxyribonuclease I (DNase). This material is 0.22 micron membrane
filtered and lyophilized in autoclaved vials. A vial reconstituted with 0.5 ml
of EBSS (vial #1) yields a solution at 2000 units of deoxyribonuclease per ml.
Avoid vigorous mixing.

Vial #4: 1 vial, 320 mg

Ovomucoid protease inhibitor with bovine serum albumin. This material is
0.22 micron membrane filtered and lyophilized in autoclaved vials. A vial
reconstituted with 32 mls of EBSS (vial #1) yields a solution at an effective
concentration of 10 mgs of ovomucoid inhibitor and 10 mgs of albumin per
ml. The inner rubber stopper can be discarded after reconstitution. Aliquots
of this vial are used for each dissociation. Refrigerate between uses and
equilibrate with sterile O,:CO, before each use. Stable after reconstitution
when stored at 4°C.

Also included is a card correlating color with pH for use as a guide in O,:CO,
equilibration.

PDS Procedure

Sterile procedures should be used throughout.

1. Add 32 mls of EBSS (vial 1) to the albumin ovomucoid inhibitor mixture (vial
4) and allow the contents to dissolve while preparing the other components.
Mix before using and equilibrate with O,:CO,. Reconstitute for the first use,
then store and reuse.

2. Add 5 mls of EBSS (vial 1) to a papain vial (vial #2). Place vial #2 in a 37°C
water bath for ten minutes or until the papain is completely dissolved and the
solution appears clear. If solution appears alkaline (red or purple) equilibrate
the solution with 95% O,:5%CO,. The solution should be used promptly but
can be held at room temperature during the dissection. A separate papain vial

10.

is provided for each dissociation. (If desired the papain can be transferred to
a centrifuge tube or other container before proceeding.)

Add 500 pls of EBSS to a DNase vial (vial #3). Mix gently -- DNase is
sensitive to shear denaturation. Add 250 pls of this solution to the vial
containing the papain. This preparation contains a final concentration of
approximately 20 units/ml papain and 0.005% DNase. Save the balance of
the DNase vial to use in step #7. A separate DNase vial is provided for each
dissociation.

Place tissue in the papain solution. Tissue should be slightly minced or
cut into small pieces (this can be done separately or on the side of the tube
containing the papain). Displace air in vial with sterile O,:CO,. Do not
bubble gas through the solution. Immediately cap vial.

Incubate the vial containing the tissue at 37°C with constant agitation (a
rocker platform is ideal) for 30 min to 1 1/2 hrs. The amount of time must
be determined empirically; however, embryonic tissue generally requires less
time than postnatal tissue.

Triturate the mixture with 10 ml pipette. Allow any pieces of undissociated
tissue remaining after trituration to settle to the bottom of the tube. Vigorous
trituation of neuronal tissue results in a high yield of cells, most of which
are spherical and devoid of processes. Gentle trituration results in more
undissociated tissue fragments and a lower yield of cells although many of
these now retain their proximal processes.

Carefully remove the cloudy cell suspension, place in sterile screwcapped
tube and centrifuge at 300g for 5 minutes at room temperature. Be careful to
avoid including any pieces of undissociated tissue during this time -- prepare
medium to resuspend the pelleted cells.

Mix 2.7 mls EBSS (vial #1) with 300 pls reconstituted albumin-ovomucoid
inhibitor solution (vial #4) in a sterile tube. Add 150 uls of DNase solution
(vial #3) saved at step #3.

Discard supernatant and immediately resuspend cell pellet in DNase dilute
albumin-inhibitor solution.

Prepare discontinuous density gradient. Add 5.0 ml of albumin-inhibitor
solution (vial #4) to centrifuge tube, carefully layer cell suspension on top,
then centrifuge at 70g for 6 minutes at room temperature. The interface
between the two layers of the gradient should be clearly visible although
minimal mixing at this boundary does not affect the result. Dissociated cells
pellet at the bottom of the tube, membrane fragments remain at the interface.

Discard the supernatant and immediately resuspend the pelleted cells in
medium for cell culture or for flow cytometric analysis.
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Tissue/Cell Culture Glossary

Adpventitious: Developing from unusual points of origin, such as shoots or
root tissues from callus or embryos from sources other than zygotes.
This term can also be used to describe agents which contaminate cell
cultures:

Anchorage-dependent cells or cultures: Cells, or cultures derived from
them, which will grow, survive, or maintain function only when
attached to a surface such as glass or plastic. The use of this term
does not imply that the cells are normal or that they are or are not
neoplastically transformed.

Aneuploid: The situation which exists when the nucleus of a cell does not
contain an exact multiple of the haploid number of chromosomes; one
or more chromosomes being present in greater or lesser number than
the rest. The chromosomes may or may not show rearrangements.

Asepsis: Without infection or contaminating microorganisms.

Aseptic technique: Procedures used to prevent the introduction of fungi,
bacteria, viruses, mycoplasma or other microorganisms into cell,
tissue and organ culture. Although these procedures are used to
prevent microbial contamination of cultures, they also prevent cross
contamination of cell cultures as well. These procedures may or may
not exclude the introduction of infectious molecules.

Attachment efficiency: The percentage of cells plated (seeded, inoculated)
which attach to the surface of the culture vessel within a specified
period of time. The conditions under which such a determination is
made should always be stated.

Autocrine cell: In animals, a cell which produces hormones, growth
factors or other signaling substances for which it also expresses the
corresponding receptors. (See also Endocrine and Paracrine.)

Axenic culture: A culture without foreign or undesired life forms. An
axenic culture may include the purposeful cocultivation of different
types of cells, tissues or organisms.

Callus: An unorganized, proliferative mass of differentiated plant cells;
a wound response.

Cell culture: Term used to denote the maintenance or cultivation of cells
in vitro including the culture of single cells. In cell cultures, the cells
are no longer organized into tissues.

Cell generation time: The interval between consecutive divisions of
a cell. This interval can best be determined, at present, with the
aid of cinephotomicrography. This term is not synonymous with
“population doubling time”.

Cell hydridization: The fusion of two or more dissimilar cells leading to
the formation of a synkaryon.

Cell line: A cell line arises from a primary culture at the time of the first
successful subculture. The term “cell line” implies that cultures
from it consist of lineages of cells originally present in the primary
culture. The terms finite or continuous are used as prefixes if the
status of the culture is known. If not, the term line will suffice. The
term “continuous line” replaces the term “established line”. In any
published description of a culture, one must make every attempt
to publish the characterization or history of the culture. If such has
already been published, a reference to the original publication must
be made. In obtaining a culture, as originally named and described,
must be maintained and any deviations in cultivation from the
original must be reported in any publication.

Cell strain: A cell strain is derived either from a primary culture or a cell
line by the selection or cloning of cells having specific properties
or markers. In describing a cell strain, its specific features must be
defined. The terms finite or continuous are to be used as prefixes if
the status of the culture is known. If not, the term strain will suffice.
In any published description of a cell strain, one must make every
attempt to publish the characterization or history of the strain. If such

has already been published, a reference to the original publication
must be made. In obtaining a culture from another laboratory, the
proper designation of the culture, as originally named and described,
must be maintained and any deviations in cultivation from the
original must be reported in any publication.

Chemically defined medium: A nutritive solution for culturing cells
in which each component is specifiable and ideally, is of known
chemical structure.

Clonal propagation: Asexual reproduction of plants that are considered
to be genetically uniform and originated from a single individual or
explant.

Clone: In animal cell culture terminology a population of cells derived from
a single cell by mitoses. A clone is not necessarily homogeneous and ,
therefore, the terms clone and cloned do not indicate homogeneity in
a cell population, genetic or otherwise. In plant culture terminology,
the term may refer to a culture derived as above or it may refer to a
group of plants propagated only be vegetative and asexual means, all
members of which have been derived by repeated propagation from
a single individual.

Cloning efficiency: The percentage of cells plated (seeded, inoculated)
that form a clone. One must be certain that the colonies formed arose
from single cells in order to properly use this term. (See Colony
forming efficiency)

Colony forming efficiency: The percentage of cells plated (seeded,
inoculated) that form a colony.

Complementation: The ability of two different genetic defects to
compensate for one another.

Contact inhibition of locomotion: A phenomenon characterizing certain
cells in which two cells meet, locomotory activity diminishes, and the
forward motion of one cell over the surface of the other is stopped.

Continuous cell culture: A culture which is apparently capable of an
unlimited number of population doublings; often referred to an
as immortal cell culture. Such cells may or may not express the
characteristics of in vitro neoplastic or malignant transformation.
(See also Immortalization)

Crisis: A stage of the in vitro transformation of cells. It is characterized
by reduced proliferation of the culture, abnormal mitotic figures,
detachment of cells from the culture substrate, and the formation
of multinucleated or giant cells. During this massive cultural
degeneration, a small number of colonies usually, but not always,
survive and give rise to a culture with an apparent unlimited in vitro
lifespan. This process was first described in human cells following
infection with an oncogenic virus (SV40). See also Cell line, In vitro
transformation and In vitro senescence.

Cryopreservation: Ultra-low temperature storage of cells, tissues,
embryos or seeds. This storage is usually carried out using
temperatures below -100°C.

Cumulative population doublings: See Population doubling level.

Cybrid: The viable cell resulting from the fusion of a cytoplast with a
whole cell, thus creating a cytoplasmic hybrid.

Cytoplast: The intact cytoplasm remaining following the enucleation of
a cell.

Cytoplasmic hybrid: Synonymous with “cybrid”

Cytoplasmic inheritance: Inheritance attributable to extranuclear genes;
for example genes in cytoplasmic organelles such as mitochondria or
chloroplasts, or in plasmids, etc.

Density-dependent inhibition of growth: Mitotic inhibition correlated
with increased cell density.

Differentiated: Cells that maintain, in culture, all or much of the
specialized structure and function typical of the cell type in vivo.

Diploid: The state of the cell in which all chromosomes, except sex
chromosomes, are two in number and are structurally identical with
those of the species from which the culture was derived. Where
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there is a Commission Report available, the experimenter should
adhere to the convention for reporting the karyotype of the donor.
Commission Reports have been published for mouse!, human?,
and rat’. In defining a diploid culture, one should present a graph
depicting the chromosome number distribution leading to the modal
number determination along with representative karyotypes.

! Committee on Standardized Genetic Nomenclature of Mice. Standard karyo-
type of the mouse, Mus musculus. J. Hered. 63, 69-72 (1972)

2 Paris Conference (1971), Supplement (1975). Standardization in Human
cytogenetics. Birth Defects: Original Article Series, XI,9,1975. The National
Foundation, New York (Reprinted in Cytogenet. Cell Genet., 15,201-238,1975.

3 Committee for a Standardized Karyotype of Rattus norvegicuus. Standard
karyotype of the Norway rat, Rattus norvegicus., Cytogenet. Cell Genet. 12,
199-205, 1973

Electroporation: Creation , by means of an electrical current, of transient
pores in the plasmalemma usually for the purpose of introducing
exogenous material, especially DNA, form the medium.

Embryo culture: /n vitro development or maintenance of isolated mature
or immature embryos.

Embryogenesis: The process of embryo initiation and development.

Endocrine cell: In animals, a cell which produces hormones, growth
factors or other signaling substances for which target cells, expressing
the corresponding receptors, are located at a distance. (See also
Autocrine and Paracrine)

Epigenetic event: Any change in a phenotype which does not result
from an alteration in DNA sequence. This change may be stable and
heritable and includes alteration in DNA methylation, transcriptional
activation, translational control and posttranslational modifications

Epigenetic variation: Phenotypic variability which has a nongenetic
basis.

Epithelial-like: Resembling or characteristic of, having the form or
appearance of epithelial cells. In order to define a cell as an epithelial
cell, it must possess characteristics typical of epithelial cells. Often
one can be certain of the histologic origin and/or function of the cells
placed into culture and, under these conditions, one can be reasonably
confident in designating the cells as epithelial. It is incumbent upon
the individual reporting on such cells to use as many parameters
as possible in assigning this term to a culture. Until such time as a
rigorous definition is possible, it would be most correct to use the
term “epithelial-like”.

Euploid: The situation which exists when the nucleus of a cell contains
exact multiples of the haploid number of chromosomes.

Explant: Tissue taken from its original site and transferred to an artificial
medium for growth or maintenance.

Explant culture: The maintenance or growth of an explant in culture.

Feeder layer: A layer of cells (usually lethally irradiated for animal cell
culture) upon which are cultured a fastidious cell type. (See also
Nurse culture)

Fibroblast-like: Resembling or characteristic of, having the form or
appearance of fibroblast cells. In order to define a cell as a fibroblast
cell, it must possess characteristics typical of fibroblast cells. Often
one can be certain of the histologic origin and/or function of the cells
placed into culture and, under these conditions, one can be reasonably
confident in designating the cells as fibroblast. It is incumbent upon
the individual reporting on such cells to use as many parameters as

Finite cell culture: A culture which is capable of only a limited number
of population doubling after which the culture ceases proliferation.
(See In vitro senescence)
possible in assigning this term to a culture. Until such time as a
rigorous definition is possible, it would be most correct to use the
term “fibroblast-like.”

Friability: A term indicating the tendency for plant cells to separate from
one another.

Gametoclonal variation: Variation in phenotype, either genetic or
epigenetic in origin, expressed by gametoclones.

Gametoclone: Plants regenerated from cell cultures derived from
meiospores, gametes or gametophytes.

Habituation: The acquired ability of a population of cells to grow and
divide independently of exogenously supplied growth regulators.

Heterokaryon: A cell possessing two or more genetically different nuclei
in a common cytoplasm, usually derived as a result of cell-to-cell
fusion.

Heteroploid: The term given to a cell culture when the cells comprising
the culture possess nuclei containing chromosome numbers other
than the diploid number.This is a term used only to describe a culture
and is not used to describe individual cells. Thus, a heteroploid
culture would be one which contains aneuploid cells.

Histiotypic: The in vitro resemblance of cells in culture to a tissue in
form or function or both. For example, a suspension of fibroblast-
like cells may secrete a glycosaminoglycan-collagen matrix and the
result is a structure resembling fibrous connective tissue, which is,
therefore, histiotypic. This term is not meant to be used along with
the word “culture”. Thus, a tissue culture system demonstrating form
and function typical of cells in vivo would be said to be histiotypic.

Homokaryon: A cell possessing two or more genetically identical nuclei
in a common cytoplasm, derived as a result of cell-to-cell fusion.

Hybrid cell: The term used to describe the mononucleate cell which
results from the fusion of two different cells, leading to a formation
of a synkaryon.

Hybridoma: The cell which results form the fusion of an antibody
producing tumor cell (myeloma) and an antigenically-stimulated
normal plasma cell. Such cells are constructed because they
produce a single antibody directed against the antigen epitope
which stimulated the plasma cell. This antibody is referred to as a
monoclonal antibody.

Immortalization: The attainment by a finite cell culture, whether by
perturbation or intrinsically , of the attributes of a continuous cell line.
An immortalized cell is not necessarily one which is neoplastically or
malignantly transformed.

Immortal cell culture: See Continuous cell culture.

Induction: Initiation of a structure, organ or process in vitro.

In vitro neoplastic transformation: The acquisition, by cultured cells, of
the property to form neoplasms, benign or malignant, when inoculated
into animals. Many transformed cell populations which arise in vitro
intrinsically or through deliberate manipulation by the investigator,
produce only benign tumors which show no local invasion or
metastasis following animal inoculation. If there is supporting
evidence, the term “in vitro malignant neoplastic transformation” or
“in vitro malignant transformation” can be used to indicate than an
injected cell line does, indeed, invade or metastasize.

In vitro propagation: Propagation of plants in a controlled, artificial
environment, using plastic or glass culture vessels, aseptic techniques
and a define growing medium.

In vitro senescence: In vertebrate cell cultures, the property attributable
to finite cell cultures; namely, their inability to grow beyond a finite
number of population doublings. Neither invertebrate nor plant cell
cultures exhibit this property.

In vitro transformation: A heritable change, occurring in cells in culture,
either intrinsically or from treatment with chemical carcinogens,
oncogenic viruses, irradiation, transfection with oncogenes, etc.
and leading to the acquisition of altered morphological, antigenic,
neoplastic, proliferative or other properties. This expression is
distinguished form “in vitro neoplastic transformation” in that the
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alterations occurring in the cell population may not always include
the ability of the cells to produce tumors in appropriate hosts. The type
of transformation should always be specified in any description.

Juvenile: A phase in the sexual cycle of a plant characterized by differences
in a appearance form the adult and which lacks the ability to respond
to flower-inducing stimuli,

Karyoplast: A cell nucleus, obtained from the cell by enucleation,
surrounded by a narrow rim of cytoplasm and a plasma membrane.

Line: See Cell line.

Liposome: A closed lipid vesicle surrounding an aqueous interior; may
be used to encapsulate exogenous materials for ultimate delivery of
these into cells by fusion with the cell.

Meristem culture: /n vitro culture of a generally shiny, dome-like
structure measuring less than 0.1 mm in length when excised, most
often excised form the shoot apex.

Microcell: A cell fragment, containing one to a few chromosomes, which
is formed by the enucleation or disruption of a micronucleated cell.

Micronucleated cell: A cell which has been mitotically arrested and
in which small groups of chromosomes function as foci for the
reassembly of the nuclear membrane thus forming miconuclei
the maximum of which could be equal to the total number of
chromosomes.

Micropropagation: /n vitro clonal propagation of plants form
shoot tips or nodal explants, usually with an accelerated
proliferation of shoots during subcultures.

Morphogenesis: (a) The evolution of a structure from an undifferentiated
to a differentiated state. (b) The process of growth and development
of differentiated structures.

Mutant: A phenotypic variant resulting from a changed or new gene.

Nurse culture: In the culture of plant cells, the growth of a cell or cells
on a contiguous culture of different origin which in turn is in contact
with the tissue culture medium. The cultured cell or tissue may be
separated from the feeder layer by a porous matrix such as filter
paper or membranous filters. (See also Feeder layer)

Organ culture: The maintenance or growth of organ primordia or
the whole or parts of an organ in vifro in a way that may allow
differentiation and preservation of the architecture and/or function.

Organized: Arranged into definite structures.

Organogenesis: The evolution, from dissociated cells, of a structure
which shows natural organ form or function or both.

Organotypic: Resembling an organ in vivo in three dimensional form or
function or both. For example, a rudimentary organ in culture may
differentiate in an organotypic manner, or a population of dispersed
cells may become rearranged into an organotypic structure and may
also function in an organotypic manner. This term is not meant to
be used along with the word “culture” but is meant to be used as a
descriptive term.

Paracrine: In animals, a cell which produces hormones, growth factors
or other signaling substances for which the target cells, expressing
the corresponding receptors, are located in its vicinity, or in a group
adjacent to it. (See also Autocrine and Endocrine)

Passage: The transfer or transplantation of cell, with or without dilution,
form one culture vessel to another. It is understood that any time
cells are transferred from one vessel to another, a certain portion
of the cells may be lost and, therefore, dilution of cells, whether
deliberate or not, may occur. This term is synonymous with the term
“subculture”.

Passage number: The number of times the cells in the culture have been
subcultured or passaged. In descriptions of this process, the ration or
dilution of the cells should be stated so that the relative cultural age
can be ascertained.

Pathogen free: Free from specific organisms based on specific tests for
the designated organisms.

Plant tissue culture: The growth or maintenance of plant cells, tissues,
organs or whole plants in vitro.

Plating efficiency: This is a term which originally encompasses the
terms “Attachment (“Seeding”) efficiency”, Cloning efficiency”,
and “colony forming efficiency” and which is now better described
by using one or more of them in its place as the term “plating” is
not sufficiently descriptive of what is taking place. (See Attachment,
Cloning, Colony forming efficiency)

Population density: The number of cells per unit area or volume of a
culture vessel. Also the number of cells per unit volume of medium
in a suspension culture.

Population doubling level: The total number of population doubling of a
cell line or strain since its initiation in vitro. A formula to use for the
calculation of “population doublings” in a single passage is:

Number of population doublings=Log (N/N) X 3.33

where: N=number of cells in the growth vessel at the end of a period
of growth. N =number of cells plated in the growth vessel. It is best
to use the number of viable cells or number of attached cells for
this determination. Population doubling level is synonymous with
“cumulative population doublings.”

Population doubling time: The interval, calculated during the logarithmic
phase of growth in which, for example, 1.0 X 10° cells increase to
2.0 X 10° cells. This term is not synonymous with “cumulative
population doublings”.

Primary culture: A culture started form cells, tissues or organs taken
directly from organisms. A primary culture may be regarded as such
until it is successfully subcultured for the first time. It then becomes
a “cell line”.

Protoplast: A cell from which the entire cell wall has been removed. This
term is used to describe such plant, bacterial or fungal cells. (See
Spheroplast for comparison.)

Protoplast fusion: Technique in which protoplasts are fused into a single
cell.

Pseudodiploid: This describes the condition where the number of
chromosomes in a cell is diploid but, as a result of chromosomal
rearrangements, the karyotype is abnormal and linkage relationships
may be disrupted.

Recon: The viable cell reconstructed by the fusion of a karyoplast with
a cytoplast.

Reconstituted cell: Synonymous with “Recon”.

Reculture: The process by which a cell monolayer or a plant explant
is transferred, without subdivision, into fresh medium. (See also
Passage)

Regeneration: In plant cultures, a morphogenetic response to a stimulus
that results in the production of organs, embryos or whole plants.

Saturation density: The maximum cell number attainable, under specified
culture conditions, in a culture vessel. This term is usually expressed
as the number of cells per square centimeter in a monolayer culture
or the number of cells per cubic centimeter in a suspension culture.

Seeding efficiency: (See Attachment efficiency)

Senescence: (See In vitro senescence)

Shoot apical meristem: Undifferentiated tissue, located within the shoot
tip, generally appearing as a shiny dome-like structure distal to the
youngest leaf primordium and measuring less than 0.1 mm in length
when excised.

Shoot tip (apex) culture: A structure consisting of the shoot apical
meristem plus one to several primordial leaves, usually measuring
form 0.1-1.0 mm in length; in instances where more mature leaves
are included, the structure can measure up to several centimeters in
length.

Somaclonal variation: Phenotypic variation, either genetic or epigenetic
in origin, displayed among somaclones.
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Somaclone: Plants derived from any form of cell culture involving the
use of somatic plant cells.

Somatic cell hybrid: The cell or plant resulting from the fusion of animal
cells or plant protoplasts respectively, derived from somatic cells
which differ genetically.

Somatic cell genetics: The study of genetic phenomena of somatic cells.
The cells under study are most often cells grown in culture.

Somatic cell hybridization: The in vitro fusion of animal cells or plant
protoplasts derived from somatic cells which differ genetically.

Somatic embryogenesis: In plant culture, the process of embryo
initiation and development form vegetative or nongametic cells.

Spheroplast: A cell from which most of the cell wall has been removed.
(See Protoplasts for comparison)

Stage I: A step in in vitro propagation characterized by the establishment
of an aseptic tissue culture of a plant.

Stage II: A step in in vitro plant propagation characterized by the rapid
numerical increase of organs other structures

Stage I1I: A step in in vitro plant propagation characterized by preparation
of propagules for successful transfer to soil, a process involving
rooting of shoot cuttings, hardening of plants and initiating the
change from the heterotrophic to the autotrophic state.

Stage IV: A step in in vitro plant propagation characterized by the
establishment in soil of a tissue culture derived plant, either after
undergoing a Stage III pretransplant treatment or, in certain species,
after the direct transfer of plants form Stage 1l into soil.

Sterile: (a) Without Life. (b) Inability of an organism to produce functional
gametes.

Strain: See Cell strain.

Subculture: See Passage. With plant cultures, this is the process by which
the tissue or explant is first subdivided, then transferred into fresh
culture medium.

Substrain: A substrain can be derived from a strain by isolation a single
cell or groups of cells having properties or markers not shared by all
cells of the parent strain.

Surface or substrate dependent cells or cultures: See Anchorage
dependent cells.

Suspension culture: A type of culture in which cells, or aggregates of
cells, multiply while suspended in liquid medium.

Synkaryon: A hybrid cell which results from the fusion of the nuclei it
carries.

Tissue culture: The maintenance or growth of tissues, in vitro, in a way
that may allow differentiation and preservation of their architecture
and/or function.

Totipotency: A cell characteristic in which the potential for forming all
the cell types in the adult organism is retained.

Transfection: The transfer, for the purposed of genomic integration,
of naked, foreign DNA into cells in culture. The traditional
microbiological usage of this term implied that the DNA being
transferred was derived from a virus . The definition as stated here
is that which is in use to describe the general transfer of DNA
irrespective of its source. (See also Transformation)

Transformation: In plant cell culture, the introduction and stable
genomic integration of foreign DNA into a plant cell by any means,
resulting in a genetic modification. This definition is the traditional
microbiological definition. For animal cell culture, see In vitro
transformation, In vitro neoplastic transformation and Transfection.

Type I callus: A type of adventive embryogenesis found with gramineous
monocots, which has been induced on an explant where the somatic
embryos are arrested at the coleptilar or scutellar stage of embryogeny.
The embryos are often fused together especially at the coleorhizal
end of the embryo axis. This tissue can be subcultured and maintain
this morphology.

Type II callus: A type of adventive embryogenesis found with gramineous
monocots, which has been induced on an explant where the somatic
embryos are arrested at the globular stage of embryogeny. The
globular embryos often arise individually from a common base. The
tissue can be subcultured and maintain this morphology.

Variant: A culture exhibiting a stable phenotypic change whether genetic
or epigenetic in origin.

Vegetative propagation: Reproduction of plants using a nonsexual
process involving the culture of plant parts such as stem and leaf
cuttings.

Undifferentiated: With plant cells, existing in a state of cell development
characterized by isodiametric cell shape, very little or no vacuole,
and a large nucleus, and exemplified by cells comprising an apical
meristem or embryo. With animal cells, this is the state wherein the
cell in culture lacks the specialized structure and/or function of the
cell type in vivo.

Virus-free: Free from specified viruses based on tests designed to detect
the presence of the organisms in question.

The preceding has been reprinted with the permission of the Society for
In Vitro Biology. The original, entitled “Terminology Associated with
the Cell, Tissue and organ Culture, Molecular Biology and Molecular
Genetics” was published in In Vitro Cell. Devel. Biol., 26, 97-101, 1990.
Membership information in the Society for In Vitro Biology can be
obtained from: 8815 Centre Park Drive, Site 210, Columbia, Maryland
21045.

Stem Cell Glossary

Adult stem cell: See somatic stem cell.

Astrocyte: A type of supporting (glial) cell found in the nervous system.

Blastocoel: The fluid-filled cavity inside the blastocyst, an early,
preimplantation stage of the developing embryo.

Blastocyst: A preimplantation embryo of about 150 cells produced by
cell division following fertilization. The blastocyst is a sphere made
up of an outer layer of cells (the trophoblast), a fluid-filled cavity
(the blastocoel), and a cluster of cells on the interior (the inner cell
mass).

Bone marrow stromal cells: A population of cells found in bone
marrow that are different from blood cells.

Bone marrow stromal stem cells (skeletal stem cells): A multipotent
subset of bone marrow stromal cells able to form bone, cartilage,
stromal cells that support blood formation, fat, and fibrous tissue.

Cell-based therapies: Treatment in which stem cells are induced to
differentiate into the specific cell type required to repair damaged or
destroyed cells or tissues.

Cell culture: Growth of cells in vitro in an artificial medium for research
or medical treatment.

Cell division: Method by which a single cell divides to create two cells.
There are two main types of cell division depending on what happens
to the chromosomes: mitosis and meiosis.

Chromosome: A structure consisting of DNA and regulatory proteins
found in the nucleus of the cell. The DNA in the nucleus is usually
divided up among several chromosomes.The number of chromosomes
in the nucleus varies depending on the species of the organism.
Humans have 46 chromosomes.

Clone: (v) To generate identical copies of a region of a DNA molecule
or to generate genetically identical copies of a cell, or organism; (n)
The identical molecule, cell, or organism that results from the cloning
process.

1. In reference to DNA: To clone a gene, one finds the region where
the gene resides on the DNA and copies that section of the DNA using
laboratory techniques.
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2. In reference to cells grown in a tissue culture dish:a clone is a line
of cells that is genetically identical to the originating cell. This cloned
line is produced by cell division (mitosis) of the original cell.

3. In reference to organisms: Many natural clones are produced by
plants and (mostly invertebrate) animals. The term clone may also
be used to refer to an animal produced by somatic cell nuclear transfer
(SCNT) or parthenogenesis.

Cloning: See Clone.

Cord blood stem cells: See Umbilical cord blood stem cells.

Culture medium: The liquid that covers cells in a culture dish and
contains nutrients to nourish and support the cells. Culture medium
may also include growth factors added to produce desired changes in
the cells.

Differentiation: The process whereby an unspecialized embryonic cell
acquires the features of a specialized cell such as a heart, liver, or
muscle cell. Differentiation is controlled by the interaction of a cell’s
genes with the physical and chemical conditions outside the cell,
usually through signaling pathways involving proteins embedded in the
cell surface.

Directed differentiation: The manipulation of stem cell culture conditions
to induce differentiation into a particular cell type.

DNA: Deoxyribonucleic acid, a chemical found primarily in the nucleus
of cells. DNA carries the instructions or blueprint for making all the
structures and materials the body needs to function. DNA consists of
both genes and non-gene DNA in between the genes.

Ectoderm: The outermost germ layer of cells derived from the inner cell
mass of the blastocyst; gives rise to the nervous system, sensory
organs, skin, and related structures.

Embryo: In humans, the developing organism from the time of fertilization
until the end of the eighth week of gestation, when it is called a
fetus.

Embryoid bodies: Rounded collections of cells that arise when embryonic
stem cells are cultured in suspension. Embryoid bodies contain cell
types derived from all 3 germ layers.

Embryonic germ cells: Pluripotent stem cells that are derived from early
germ cells (those that would become sperm and eggs). Embryonic
germ cells (EG cells) are thought to have properties similar to
embryonic stem cells.

Embryonic stem cells: Primitive (undifferentiated) cells that are derived
from preimplantation-stage embryos, are capable of dividing without
differentiating for a prolonged period in culture, and are known to
develop into cells and tissues of the three primary germ layers.

Embryonic stem cell line: Embryonic stem cells, which have been
cultured under in vitro conditions that allow proliferation without
differentiation for months to years.

Endoderm: The innermost layer of the cells derived from the inner cell
mass of the blastocyst; it gives rise to lungs, other respiratory
structures, and digestive organs, or generally “the gut.”

Enucleated: Having had its nucleus removed.

Epigenetic: Having to do with the process by which regulatory proteins
can turn genes on or off in a way that can be passed on during cell
division.

Feeder layer: Cells used in co-culture to maintain pluripotent stem cells.
For human embryonic stem cell culture, typical feeder layers include
mouse embryonic fibroblasts (MEFs) or human embryonic fibroblasts
that have been treated to prevent them from dividing.

Fertilization: The joining of the male gamete (sperm) and the female
gamete (egg).

Fetus: In humans, the developing human from approximately eight weeks
after conception until the time of its birth.

Gamete: An egg (in the female) or sperm (in the male) cell. See also
Somatic cell.

Gastrulation: The process in which cells proliferate and migrate within
the embryo to transform the inner cell mass of the blastocyst stage
into an embryo containing all three primary germ layers.

Gene: A functional unit of heredity that is a segment of DNA found on
chromosomes in the nucleus of a cell. Genes direct the formation of
an enzyme or other protein.

Germ layers: After the blastocyst stage of embryonic development, the
inner cell mass of the blastocyst goes through gastrulation, a period
when the inner cell mass becomes organized into three distinct
cell layers, called germ layers. The three layers are the ectoderm, the
mesoderm, and the endoderm.

Hematopoietic stem cell: A stem cell that gives rise to all red and white
blood cells and platelets.

Human embryonic stem cell (hESC): A type of pluripotent stem
cells derived from early stage human embryos, up to and including
the blastocyst stage, that are capable of dividing without differentiating
for a prolonged period in culture, and are known to develop into cells
and tissues of the three primary germ layers.

Induced pluripotent stem cell (iPSC): A type of pluripotent stem cell,
similar to an embryonic stem cell, formed by the introduction of
certain embryonic genes into a somatic cell.

In vitro: Latin for “in glass™; in a laboratory dish or test tube; an artificial
environment.

In vitro fertilization: A technique that unites the egg and sperm in a
laboratory instead of inside the female body.

Inner cell mass (ICM): The cluster of cells inside the blastocyst. These
cells give rise to the embryo and ultimately the fetus. The ICM may
be used to generate embryonic stem cells.

Long-term self-renewal: The ability of stem cells to replicate themselves
by dividing into the same non-specialized cell type over long periods
(many months to years) depending on the specific type of stem cell.

Mesenchymal stem cells: A term that is currently used to define non-
blood adult stem cells from a variety of tissues, although it is not
clear that mesenchymal stem cells from different tissues are the
same.

Meiosis: The type of cell division a diploid germ cell undergoes to produce
gametes (sperm or eggs) that will carry half the normal chromosome
number. This is to ensure that when fertilization occurs, the fertilized
egg will carry the normal number of chromosomes rather than causing
aneuploidy (an abnormal number of chromosomes).

Mesoderm: Middle layer of a group of cells derived from the inner cell
mass of the blastocyst; it gives rise to bone, muscle, connective tissue,
kidneys, and related structures.

Microenvironment: The molecules and compounds such as nutrients and
growth factors in the fluid surrounding a cell in an organism or in the
laboratory, which play an important role in determining the
characteristics of the cell.

Mitosis: The type of cell division that allows a population of cells
to increase its numbers or to maintain its numbers. The number of
chromosomes remains the same in this type of cell division.

Multipotent: Having the ability to develop into more than one cell type
of the body. See also pluripotent and totipotent.

Neural stem cell: A stem cell found in adult neural tissue that can give
rise to neurons and glial (supporting) cells. Examples of glial cells
include astrocytes and oligodendrocytes.

Neurons: Nerve cells, the principal functional units of the nervous system.
A neuron consists of a cell body and its processes —an axon and one or
more dendrites. Neurons transmit information to other neurons or
cells by releasing neurotransmitters at synapses.

Oligodendrocyte: A supporting cell that provides insulation to nerve cells
by forming a myelin sheath (a fatty layer) around axons.

Parthenogenesis: The artificial activation of an egg in the absence of a
sperm; the egg begins to divide as if it has been fertilized.
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Passage: In cell culture, the process in which cells are disassociated,
washed,and seeded into new culture vessels after around of cell growth
and proliferation. The number of passages a line of cultured cells has
gone through is an indication of its age and expected stability.

Pluripotent: The state of a single cell that is capable of differentiating

into all tissues of an organism, but not alone capable of sustaining
full organismal development.
Scientists demonstrate pluripotency by providing evidence of stable
developmental potential, even after prolonged culture, to form
derivatives of all three embryonic teratoma after injection into an
immunosuppressed mouse.

Polar Body: A polar body is a structure produced when an early egg
cell, or oogonium, undergoes meiosis. In the first meiosis, the
oogonium divides its chromosomes evenly between the two cells
but divides its cytoplasm unequally. One cell retains most of the
cytoplasm, while the other gets almost none, leaving it very small.
This smaller cell is called the first polar body. The first polar body
usually degenerates. The ovum, or larger cell, then divides again,
producing a second polar body with half the amount of
chromosomes but almost no cytoplasm. The second
polar body splits off and remains adjacent to the large
cell, or oocyte, until it (the second polar body) degenerates. Only
one large functional oocyte, or egg, is produced at the end of
meiosis.

Preimplantation: With regard to an embryo, preimplantation means
that the embryo has not yet implanted in the wall of the uterus.
Human embryonic stem cells are derived from preimplantation-stage
embryos fertilized outside a woman’s body (in vitro).

Proliferation: Expansion of the number of cells by the continuous division
of single cells into two identical daughter cells.

Regenerative medicine: A field of medicine devoted to treatments in
which stem cells are induced to differentiate into the specific cell
type required to repair damaged or destroyed cell populations or
tissues. (See also cell-based therapies).

Reproductive cloning: The process of using somatic cell nuclear
transfer (SCNT) to produce a normal, full grown organism (e.g.,
animal) genetically identical to the organism (animal) that donated the
somatic cell nucleus. In mammals, this would require implanting the
resulting embryo in a uterus where it would undergo normal
development to become a live independent being. The first mammal
to be created by reproductive cloning was Dolly the sheep, born at
the Roslin Institute in Scotland in 1996. See also Somatic cell nuclear

transfer (SCNT).

Sigals: Internal and external factors that control changes in cell structure
and function. They can be chemical or physical in nature.

Somatic cell: Any body cell other than gametes (egg or sperm); sometimes
referred to as “adult” cells. See also Gamete.

Somatic cell nuclear transfer (SCNT): A technique that combines an
enucleated egg and the nucleus of a somatic cell to make an embryo.
SCNT can be used for therapeutic or reproductive purposes, but the
initial stage that combines an enucleated egg and a somatic cell
nucleus is the same. See also therapeutic cloning and reproductive
cloning.

Somatic (adult) stem cells: A relatively rare undifferentiated cell found
in many organs and differentiated tissues with a limited capacity for
both self renewal (in the laboratory) and differentiation. Such cells
vary in their differentiation capacity, butitis usually limited to cell types
in the organ of origin. This is an active area of investigation.

Stem cells: Cells with the ability to divide for indefinite periods in culture
and to give rise to specialized cells.

Stromal cells: Connective tissue cells found in virtually every organ. In
bone marrow, stromal cells support blood formation.

Subculturing: Transferring cultured cells, with or without dilution, from
one culture vessel to another.

Surface markers: Proteins on the outside surface of a cell that are unique
to certain cell types and that can be visualized using antibodies or
other detection methods.

Telomere: The end of achromosome, associated with a characteristic DNA
sequence that is replicated in a special way. A telomere counteracts the
tendency of the chromosome to shorten with each round of
replication.

Teratoma: A multi-layered benign tumor that grows from pluripotent
cells injected into mice with a dysfunctional immune system.
Scientists test whether they have established a human embryonic
stem cell (hESC) line by injecting putative stem cells into such mice
and verifying that the resulting teratomas contain cells derived from
all three embryonic germ layers.

Tetraploid complementation assay: An assay that can be used to test
a stem cell’s potency. Scientists studying mouse chimeras (mixing
cells of two different animals) noted that fusing two 8-cell embryos
produces cells with 4 sets of chromosomes (tetraploid cells) that
are biased toward developing into extra-embryonic tissues such as the
placenta. The tetraploid cells do not generate the embryo itself; the
embryo proper develops from injected diploid stem cells. This
tendency has been exploited to test the potency of a stem cell.
Scientists begin with a tetraploid embryo. Next, they inject the stem
cells to be tested. If the injected cells are pluripotent, then an embryo
develops. If no embryo develops, or if the resultant embryo cannot
survive until birth, the scientists conclude that the cells were not
truly pluripotent.

Therapeutic cloning: The process of using somatic cell nuclear transfer
(SCNT) to produce cells that exactly match a patient. By combining
a patient’s somatic cell nucleus and an enucleated egg, a scientist
may harvest embryonic stem cells from the resulting embryo that
can be used to generate tissues that match a patient’s body. This
means the tissues created are unlikely to be rejected by the patient’s
immune system. See also Somatic cell nuclear transfer (SCNT).

Totipotent: Having the ability to give rise to all the cell types of the body
plus all of the cell types that make up the extraembryonic tissues
such as the placenta. (See also Pluripotent and Multipotent).

Transdifferentiation: The process by which stem cells from one tissue
differentiate into cells of another tissue.

Trophectoderm: The outer layer of the preimplantation embryo in mice.
It contains trophoblast cells.

Trophoblast: The outer cell layer of the blastocyst. It is responsible for
implantation and develops into the extraembryonic tissues, including
the placenta, and controls the exchange of oxygen and metabolites
between mother and embryo.

Umbilical cord blood stem cells: Stem cells collected from the
umbilical cord at birth that can produce all of the blood cells in the
body (hematopoietic). Cord blood is currently used to treat patients
who have undergone chemotherapy to destroy their bone marrow due
to cancer or other blood-related disorders.

Undifferentiated: A cell that has not yet developed into a specialized
cell type.

In Stem Cell Information [Wordl Wide Web site]. Bethesda, MD: National
Institutes of Health, U.S. Department of Health and Human Services,
2011 [cited Thursday, January 05, 2012]. Available at:
http://stemcells.nih.gov/info/glossary
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Tissue/Cell Tables

Adipose/Fat ........ccccoeueenene. 22 Pituitary.....ccoceeeveviencncnene 122
Adrenal .......cccooevieiieinnnne. 26 Prostate .......coceeveveerienienenne 124
Reproductive.........cccceeuennee 124
Scales
Skin
Spleen
Stem .eoeeeieeeeeeeeee e
Thymus
Thyroid/Parathyroid........... 142
Tonsil ..coeeveeieiieeieeeens 144
Tumor.......ccceeevveeniienieees 144

Lung .cocovviniiiiiiieee, 88

Note: The following abbreviations appear throughout

the Tissue Tables:
BALB ...cccoceveene Bagg Albine (obtained from H.J Bagg in 1923)
BSA e Bovine Serum Albumin

..Balanced Salt Solution

............................................................................... Calcium Free

CLSPA ..o, Worthington Purified Collagenase
CMPF .ot Calcium Magnesium Free
DMEM ....cccooovviviriiicicncnnee Dulbecco’s Modified Eagle Medium
EBSS e Earle’s Balanced Salt Solution
FBS .o Fetal Bovine Serum
HBSS . Hank’s Balanced Salt Solution
HIS ... .. Hepatocyte Isolation System
L-15 e Liebowitz L-15 Medium
MEM ...ooiiiniiniinieieicceeeeeee Minimum Essential Medium
NCIS....... Worthington Neonatal Cardiomyocyte Isolation System
PBS ..o Phosphate Buffered Saline
PDS...ooiiiiiieeee Worthington Papain Dissociation System
RPMI .................... Roswell Park Memorial Institute (Moore, et al,

Tissue Culture Association Manual, 3, 503-508, 1976)
Sprague-Dawley
............................................................................ Swiss Webster
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TISSUE TABLES

Adipose/Fat

Species Cell(s) Enzyme(s)

Bovine Bovine Adipocytes Collagenase Type 1: 40 u/ml

Canine Canine Renal adipose derived cells Collagenase Type 1: 0.3%
Canine, 20-25 kg Adipose stem cells Collagenase: see reference

Equine Equine Adipose derived stem cells Collagenase Type 1: 0.1%
Equine Adipose derived stem cells Collagenase Type 1: 0.1%

Fish Fish, Atlantic salmon Preadipocytes Collagenase Type 1: 0.1%

Gerbil Gerbil of unknown age Brown fat Collagenase Type 1: 0.10%
(also rat, hamster, rabbit, lamb, guinea-pig)

Guinea-Pig Guinea-pig, adult Brown fat Collagenase Type 1: 0.10%
(also rat, hamster, gerbil, rabbit, lamb)

Hamster Hamster, adult Brown fat Collagenase Type 1: 0.10%
(also rat, gerbil, rabbit, lamb, guinea-pig)

Human Human, male 40-60 years Adipose derived stem cells Collagenase: 0.25%

Deoxyribonuclease I: 0.002%
Human Renal adipose derived cells Collagenase Type 1: 0.3%
Human Adipocytes Collagenase Type 1: 0.1%
Human Adipose derived stromal cells | Collagenase Type 1: see reference
Human Adult stem cells Collagenase Type 1: 0.1%
Human Adipocytes Collagenase Type 1: 0.2%
Human Adipose derived stromal cells | Collagenase Type 1: 0.15%
Human Mesenchymal stem Collagenase Type 1: 0.1%
Human Adipocytes, stromal vascular | Collagenase: 0.2%
Human Multipotent adipose derived Collagenase: 0.2%
stem
Human, adult, obese Adipocytes Collagenase Type 2: 0.1%
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TISSUE TABLES

Medium

Adipose/Fat
Reference

Krebs-Ringer bicarbonate

Yang YT, Baldwin RL: Preparation and metabolism of isolated cells from bovine adipose tissue, J Dairy
Sci 56, 350-65, 1973 (10340)

DMEM

Basu, J., Genheimer, C., Sangha, N., Quinlan, S., Guthrie, K., Kelley, R., llagan, R., Jain, D., Bertram, T.
and Ludlow, J.: Organ Specific Regenerative Markers in Peri-Organ Adipose: Kidney., Lipids Health Dis
Vol. 10, 171, 2011 (10665)

Media-199

Fischer, L., Mcllhenny, S., Tulenko, T., Golesorkhi, N., Zhang, P., Larson, R., Lombardi, J., Shapiro, I. and
DiMuzio, P.: Endothelial Differentiation of Adipose-Derived Stem Cells: Effects of Endothelial Cell Growth
Supplement and Shear Force., J Surg Res 152, 157, 2009 (10599)

PBS

Vidal, M., Robinson, S., Lopez, M., Paulsen, D., Borkhsenious, O., Johnson, J., Moore, R. and Gimble,
J.: Comparison of Chondrogenic Potential in Equine Mesenchymal Stromal Cells Derived from Adipose
Tissue and Bone Marrow., Vet Surg Vol. 37, 713, 2008 (10561)

PBS

Vidal, M., Kilroy, G., Lopez, M., Johnson, J., Moore, R. and Gimble, J.: Characterization of Equine
Adipose Tissue-Derived Stromal Cells: Adipogenic and Osteogenic Capacity and Comparison with Bone
Marrow-Derived Mesenchymal Stromal Cells., Vet Surg Vol. 36, 613, 2007 (10533)

HBSS

Todorcevic, M., Vegusdal, A., Gjoen, T., Sundvold, H., Torstensen, B., Kjaer, M. and Ruyter, B.: Changes
in Fatty Acids Metabolism During Differentiation of Atlantic Salmon Preadipocytes; Effects of n-3 and n-9
Fatty Acids., Biochim Biophys Acta 1781, 326, 2008 (10597)

Bicarbonate buffer

Nedergaard, J. and Lindberg, O.: The Brown Fat Cell, Int Rev Cytol 74, 187, 1982 (544)

Bicarbonate buffer

Nedergaard, J. and Lindberg, O.: The Brown Fat Cell, Int Rev Cytol 74, 187, 1982 (544)

Bicarbonate buffer

Nedergaard, J. and Lindberg, O.: The Brown Fat Cell, Int Rev Cytol 74, 187, 1982 (544)

PBS

Blasi, A., Martino, C., Balducci, L., Saldarelli, M., Soleti, A., Navone, S., Canzi, L., Cristini, S., Invernici, G.,
Parati, E. and Alessandri, G.: Dermal Fibroblasts Display Similar Phenotypic and Differentiation Capacity
to Fat-Derived Mesenchymal Stem Cells, but Differ in Anti-Inflammatory and Angiogenic Potential, Vasc
Cell Vol. 3, 5, 2011 (10486)

DMEM

Basu, J., Genheimer, C., Sangha, N., Quinlan, S., Guthrie, K., Kelley, R., llagan, R., Jain, D., Bertram, T.
and Ludlow, J.: Organ Specific Regenerative Markers in Peri-Organ Adipose: Kidney., Lipids Health Dis
Vol. 10, 171, 2011 (10665)

KRB

Peters, R., Wolf, M., van den Broek, M., Nuvolone, M., Dannenmann, S., Stieger, B., Rapold, R., Konrad,
D., Rubin, A., Bertino, J., Aguzzi, A., Heikenwalder, M. and Knuth, A.: Efficient Generation of Multipotent
Mesenchymal Stem Cells from Umbilical Cord Blood in Stroma-Free Liquid Culture., PLoS ONE 5,
15689, 2010 (10669)

DMEM

Traktuev, D., Merfeld-Clauss, S., Li, J., Kolonin, M., Arap, W., Pasqualini, R., Johnstone, B., and March,
K.: A Population of Multipotent CD34-Positive Adipose Stromal Cells Share Pericyte and Mesenchymal
Surface Markers, Reside in a Periendothelial Location, and Stabilize Endothelial Networks, Circ Res 102,
77,2008 (10350)

PBS

Devireddy, R., Thirumala, S. and Gimble, J.: Cellular Response of Adipose Derived Passage-4 Adult Stem
Cells to Freezing Stress., J Biomech Eng 127, 1081, 2005 (10600)

HBSS

Bujalska Iwona J, Durrani Omar M, Abbott Joseph, Onyimba Claire U, Khosla Pamela, Moosavi Areeb
H, Reuser Tristan T Q, Stewart Paul M, Tomlinson Jeremy W, Walker Elizabeth A, Rauz Saaeha:
Characterisation of 11beta-hydroxysteroid dehydrogenase 1 in human orbital adipose tissue: a
comparison with subcutaneous and omental fat, J Endocrinol 192, 279-88, 2007 (10222)

DMEM

Schaffler A, Buchler C: Concise review: adipose tissue-derived stromal cells--basic and clinical
implications for novel cell-based therapies, Stem Cells 25, 818-27, 2007 (10308)

HBSS

Jeon Eun Su, Song Hae Young, Kim Mi Ra, Moon Hyun Jung, Bae Yong Chan, Jung Jin Sup, Kim Jae
Ho: Sphingosylphosphorylcholine induces proliferation of human adipose tissue-derived mesenchymal
stem cells via activation of JNK, J Lipid Res 47, 653-64, 2006 (10328)

HBSS

Boquest Andrew C, Shahdadfar Aboulghassem, Fronsdal Katrine, Sigurjonsson Olafur, Tunheim Siv

H, Collas Philippe, Brinchmann Jan E: Isolation and transcription profiling of purified uncultured human
stromal stem cells: alteration of gene expression after in vitro cell culture, Mol Biol Cell 16, 1131-41, 2005
(10312)

DMEM

Rodriguez Anne-Marie, Pisani Didier, Dechesne Claude A, Turc-Carel Claude, Kurzenne Jean-Yves,
Wdziekonski Brigitte, Villageois Albert, Bagnis Claude, Breittmayer Jean-Philippe, Groux Herve, Ailhaud
Gerard, Dani Christian: Transplantation of a multipotent cell population from human adipose tissue
induces dystrophin expression in the immunocompetent mdx mouse, J Exp Med 201, 1397-405, 2005
(10326)

DMEM/F12

Seboek, D., Linscheid, P., Zulewski, H., Langer, I., Christ-Crain, M., Keller, U., and Muller, B.:
Somatostatin Is Expressed and Secreted by Human Adipose Tissue Upon Infection and Inflammation, J
Clin Endocrinol Metab 89(10), 4833, 2004 (9794)
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TISSUE TABLES

Species Adipose/Fat (con’t) Cell(s) Enzyme(s)
Human, adult, female Preadipocytes Collagenase Type 1: 0.2%
Human, adult Adipocytes Collagenase Type 1: 0.13%
Human Stromal vascular, adipocytes | Collagenase: 0.2%
Human Stromal vascular, adipocytes, | Collagenase: 300 u/ml
stem
Human, adult, female, non-obese Adipocytes Collagenase Type 2: 0.05%
Human Adipocytes Collagenase Type 1: see reference
Human, adult, male and female Adipocytes Collagenase Type 1: 0.2%
Human Processed lipoaspirate cells | Collagenase Type 1: 0.075%
Human Adipocytes Collagenase Type 1: 0.2%
Human, adult, male and female Adipocytes Collagenase Type 1: 0.1%
Human, adult, male and female Adipocytes Collagenase Type 1: 0.1%
Human, non-diabetic, male Adipocytes Collagenase Type 1: 0.05%
Mouse Mouse Stem and progenitor Collagenase Type 2: 0.2%
Mouse, 3 week Adipocytes Collagenase Type 1: 0.2%
Mouse White adipocytes Collagenase Type 2: 0.1%
Mouse, C57BI/6J Adipocytes Collagenase Type 1: 0.15%
Mouse, 3-6 day and 2-3 month Adipose-derived stromal cells | Collagenase Type 2: 0.075%
Mouse Stromal vascular, adipocytes | Collagenase: 0.2%
Mouse, C57BL/6J and FVB, male, 8-9 week Adipocytes Collagenase:
Mouse, both sexes Adipocytes Collagenase: 0.05%
Mouse, B6D2F1, F1 hybrids, New Zealand black Vascular endothelial Collagenase: 0.2%
female & New Zealand white male
Porcine Porcine, female, <1 year Adipose mesenchymal stem | Collagenase Type 1: 0.1%
Porcine, crossbred, male 1-4 day Adipocytes Collagenase Type 1: 0.2%
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Medium

TISSUE TABLES

Reference Adipose/Fat (con't)

DMEM/F-12

Quickler, M., Sinha, B., Tomlinson, J., Bujalska, I., Stewart, P., Arlt, W.,: Androgen generation in adipose
tissue in women with simple obesity--a site-specific role for 17beta-hydroxysteroid dehydrogenase type 5,
J Endocrinol 183, 331, 2004 (9795)

(see reference)

Fain JN, Madan AK, Hiler ML, Cheema P, and Bahouth SW.: Comparison of the release of adipokines by
adipose tissue, adipose tissue matrix, and adipocytes from visceral and subcutaneous abdominal adipose
tissues of obese humans, Endocrinology 145, 2273, 2004 (10064)

DMEM/F12

Planat-Benard Valerie, Silvestre Jean-Sebastien, Cousin Beatrice, Andre Mireille, Nibbelink Maryse,
Tamarat Radia, Clergue Michel, Manneville Carole, Saillan-Barreau Corinne, Duriez Micheline, Tedgui
Alain, Levy Bernard, Penicaud Luc, Casteilla Louis: Plasticity of human adipose lineage cells toward
endothelial cells: physiological and therapeutic perspectives, Circulation 109, 656-63, 2004 (10298)

PBS

Miranville A, Heeschen C, Sengenes C, Curat CA, Busse R, Bouloumie A: Improvement of postnatal
neovascularization by human adipose tissue-derived stem cells, Circulation 110, 349-55, 2004 (10300)

DMEM

Gesta, S., Lolmede, K., Daviaud, D., Berlan, M., Bouloumie, A., Lafontan, M., Valet, P., and Saulnier-
Blache, J.: Culture of human adipose tissue explants leads to profound alteration of adipocyte gene
expression, Horm Metab Res 35, 158, 2003 (1306)

Saline

Patwardhan, R., Tubbs, R., Leonard, R., Kelly, D., Killingsworth, C., Rollins, D., Smith, W., Ideker,
R., and Oakes, W.: Discernment of Adipose versus Nervous Tissue: A Novel Adjunct Solution in
Lipomyelomeningocele Surgery, Ped Neurosurg 36, 314, 2002 (1308)

DMEM/F-12

McTernan, P., Anderson, L., Anwar, A., Eggo, M., Crocker, J., Barnett, A., Stewart, P., and Kumar, S.:
Glucocorticoid Regulation of P450 Aromatase Activity in Human Adipose Tissue: Gender and Site
Differences, J Clin Endocrinol Metab 87, 1327, 2002 (9792)

PBS

Zuk Patricia A, Zhu Min, Ashjian Peter, De Ugarte Daniel A, Huang Jerry |, Mizuno Hiroshi, Alfonso Zeni
C, Fraser JohnK, Benhaim Prosper, Hedrick Marc H: Human adipose tissue is a source of multipotent
stem cells, Mol Biol Cell 13, 4279-95, 2002 (10333)

HBSS

McTernan PG, Anwar A, Eggo MC, Barnett AH, Stewart PM, Kumar S: Gender differences in the
regulation of P450 aromatase expression and activity in human adipose tissue, Int J Obes Relat Metab
Disord 24, 875-81, 2000 (710330)

DMEM/Ham’s F-12

Gottschling-Zelle, H., Birgel, M., Scriba, D., Blum, W., and Hauner, H.: Depot-specific Release of Leptin
from Subcutaneous and Omental Adipocytes in Suspension Culture: Effect of Tumor Necrosis Factor-
alpha and Transforming Growth Factor-beta1, Eur J Endocrinol 141 (4), 436, 1999 (1309)

DMEM/ F-12

Zhang, H., Kumar, S., Barnett, A., and Eggo, M.: Intrinsic Site-Specific Differences in the Expression of
Leptin in Human Adipocytes and Its Autocrine Effects on Glucose Uptake, J Clin Endocrinol Metab 84,
2550, 1999 (9789)

Kreb’s Ringer bicarbonate buffer

Anderson, O., Gliemann, J., and Gammeltoft: Receptor Binding and Biological Effect of Insulin in Human
Adipocytes, Diabetologia 13, 589, 1977 (674)

HBSS

Han, J., Koh, Y., Moon, H., Ryoo, H., Cho, C., Kim, I. and Koh, G.: Adipose Tissue is an Extramedullary
Reservoir for Functional Hematopoietic Stem and Progenitor Cells., Blood 115, 957, 2010 (10494)

HBSS

De Matteis, R., Zingaretti, M., Murano, |., Vitali, A., Frontini, A., Giannulis, I., Barbatelli, G., Marcucci, F.,
Bordicchia, M., Sarzani, R., Raviola, E. and Cinti, S.: In Vivo Physiological Transdifferentiation of Adult
Adipose Cells., Stem Cells 27, 2761, 2009 (10552)

DMEM

Wong, K., Szeto, F, Zhang, W., Ye, H., Kong, J., Zhang, Z., Sun, X. and Li, Y: Involvement of the Vitamin
D Receptor in Energy Metabolism: Regulation of Uncoupling Proteins., Am J Physiol/Endo 296, 820, 2009
(10572)

DMEM/F12

Aoyagi T, Shimba S, Tezuka M: Characteristics of Circadian Gene Expressions in Mice White Adipose
Tissue and 3T3-L1 Adipocytes, J Health Sci 51, 21, 2005 (10028)

PBS

Cowan Catherine M, Shi Yun-Ying, Aalami Oliver O, Chou Yu-Fen, Mari Carina, Thomas Romy, Quarto
Natalina, Contag Christopher H, Wu Benjamin, Longaker Michael T: Adipose-derived adult stromal cells
heal critical-size mouse calvarial defects, Nat Biotechnol 22, 560-7, 2004 (10140)

DMEM/F12

Planat-Benard Valerie, Silvestre Jean-Sebastien, Cousin Beatrice, Andre Mireille, Nibbelink Maryse,
Tamarat Radia, Clergue Michel, Manneville Carole, Saillan-Barreau Corinne, Duriez Micheline, Tedgui
Alain, Levy Bernard, Penicaud Luc, Casteilla Louis: Plasticity of human adipose lineage cells toward
endothelial cells: physiological and therapeutic perspectives, Circulation 109, 656-63, 2004 (10298)

DMEM

Ruan, H., Zarnowski, MJ., Cushman, S., and Lodish, H.: Standared Isolation of Primary Adipose Cells
from Mouse Epididymal Fat Pads Induces Inflammatory Mediators and Down-regulates Adipocyte Genes,
J Biol Chem 278, 47585, 2003 (9793)

Krebs-Ringer Phosphate HEPES (KRPH)

Nadler, S., Stoehr, J., Rabaglia, M., Schueler, K., Birnbaum, M., and Attie, A.: Normal Akt/PKB with
Reduced PI3K Activation in Insulin-resistant Mice, Am J Physiol/Endo 281, E1249, 2001 (1310)

PBS Launder, T., Gegen, N., Knedler, A., and Harbeck, R.: The Isolation and Characterization of Enriched
Microvascular Endothelial Cells From Mouse Adipose Tissue, J Immunol Methods 102, 45, 1987 (882)

DMEM Williams, K., Picou, A., Kish, S., Giraldo, A., Godke, R. and Bondioli, K: Isolation and Characterization of
Porcine Adipose Tissue-Derived Adult Stem Cells., Cells Tissues Organs 188, 251, 2008 (10370)

DMEM/F12 Ramsay, T.G.: Porcine Leptin Inhibits Lipogenesis in Porcine Adipocytes, J Anim Sci 81, 3008, 2003

(9797)
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Species Adipose/Fat (con’t) Cell(s) Enzyme(s)
Porcine, 8-9 week Adipose Collagenase Type 1: 300 u/ml
Porcine, neonatal Adipocytes Collagenase Type 1: 0.3%
Porcine, crossbred, 1-3 day Adipose, Stromal-vascular Collagenase Type 1: 0.2%
Rat Rat, Lewis, male Renal adipose derived cells Collagenase Type 1: 0.3%
Rat, SD, neonatal Brown adipocytes Collagenase Type 4: 0.1%
Neutral Protease: 0.1%
Trypsin: 0.05%
Rat, Wistar, 4 week Adipocytes Collagenase: 0.2%
Rat, SD Adipocytes Collagenase Type 1: 0.2%
Rat, SD, male, 4-7 weeks Brown adipocytes Deoxyribonuclease I: 0.5%
Rat Adipocytes Collagenase Type 2: 0.2%
Rat, SD, male, 130-160 g Adipose Collagenase: 0.3%
Epididymal fat pads
Rat, 3 day Preadipocytes Collagenase Type 3: 0.10%
Rat, SD, various weights and ages Brown adipocytes Collagenase: 0.2%
Interscapular & cervical Soybean Trypsin Inhibitor: 0.3%
depots
Rat, CD, male, 150-200 g Adipocytes Collagenase: 0.1%
Epididymal fat pads
Rat, Wistar, albino, male, 100-140 g Adipocytes Collagenase: 0.3%
Epididymal-fat pads
Rat, Fischer, 344, male, 9 - 13 week White fat Collagenase: 0.3%
Rat (CFE), albino, female Brown fat Collagenase Type 1: 0.10%
Rat, SD, male, 160-210 g Fat Collagenase: 0.3%
Adrenal
Species Cell(s) Enzyme(s)
Bovine Bovine Chromaffin cells Collagenase: 0.1%
Deoxyribonuclease I: 30 u/ml
Bovine, 6 month Chromaffin Collagenase Type 1: 0.125%
Bovine Chromaffin Collagenase: 0.2%
Bovine Chromaffin Deoxyribonuclease I: 30 u/mg
Bovine Heart Trypsin: 0.06%
(also rat) Adrenal chromaffin
Paraneurons
Bovine Chromaffin Collagenase Type 1: 0.25 %
Bovine Chromaffin Collagenase: 0.05%
Bovine Chromaffin Collagenase: 0.15%
Bovine Chromaffin Collagenase: 0.1%
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Medium

TISSUE TABLES

Reference Adipose/Fat (con’t)

HEPES

Ding, S., McNeel, R., and Mersmann, H.: Expression of Porcine Adipocyte Transcripts: Tissue Distribution
and Differentiation In Vitro and In Vivo, Comp Biochem Physiol B 123, 307, 1999 (1144)

Krebs-Ringer bicarbonate albumin

Wang Y, Fried SK, Petersen RN, Schoknecht PA: Somatotropin regulates adipose tissue metabolism in
neonatal swine, J Nutr 129, 139-45, 1999 (10339)

DMEM/F12 Suryawan, A., Swanson, L., and Hu, C.: Insulin and Hydrocortisone, But Not Triiodothyronine, Are
Required for the Differentiation of Pig Preadipocytes in Primary Culture, J Anim Sci 75, 105, 1997 (9790)

DMEM Basu, J., Genheimer, C., Sangha, N., Quinlan, S., Guthrie, K., Kelley, R., llagan, R., Jain, D., Bertram, T.
and Ludlow, J.: Organ Specific Regenerative Markers in Peri-Organ Adipose: Kidney., Lipids Health Dis
Vol. 10, 171, 2011 (10665)

PBS Liu, Z., Wang, H., Zhang, Y., Zhou, J., Lin, Q., Wang, Y., Duan, C., Wu, K. and Wang, C.: Efficient Isolation
of Cardiac Stem Cells from Brown Adipose., J Biomed Biotechnol Vol. 2010, 104296, 2010 (10598)

Ham’s F12 Aoki, S., Toda, S., Sakemi, T., and Sugihara, H.: Coculture of Endothelial Cells and Mature Adipocytes
Actively Promotes Immature Preadipocyte Development In Vitro, Cell Struct Funct 28, 55, 2003 (9797)

KRHB Mora, S., Yang, C., Ryder, J., Boeglin, D and Pessin, J: The MEF2A and MEF2D Isoforms are
Differentially Regulated in Muscle and Adipose Tissue during States of Insulin Deficiency, Endocrinology
142, 1999, 2001 (9796)

DMEM Omatsu-Kanbe, M., and Matsuura, H.: Inhibition of Store-operated Ca2+ Entry by Extracellular ATP in Rat
Brown Adipocytes, J Physiol 521 (3), 601, 1999 (1307)

DMEM /F-12 Serrero, G: Primary Culture in Defined Medium of Adipocyte Precursors,Cell & Tissue Culture: Laboratory

Procedures Vol. 1,Doyle, A., Griffiths, J., and Newell, D., John Wiley and Sons, Ltd., 11B:6.1, 1995 (1285)

Kreb’s-Ringer bicarbonate buffer modified

Charron, M.J. and Kahn, B.B.: Divergent Molecular Mechanisms for Insulin-Resistant Glucose Transport
in Muscle and Adipose Cells In Vivo, J Biol Chem 265, 7994, 1990 (571)

Parker Medium 199

Gaben-Cogneville, A., Poussin, B., Chamblier, M., Forgue-Fafitte, M., and Rosselin, G.: Development of
Insulin and Epidermal Growth Factor Receptors During the Differentiation of Rat Preadipocytes in Primary
Culture, Biochim Biophys Acta 968, 231, 1988 (336)

Krebs Ringer bicarbonate buffer

Woodward, Julie A. and Saggerson, E.: Effect of Adenosine Deaminase, N6-Phenylisopropyladenosine
and Hypothroidism on the Responsiveness of Rat Brown Adipocytes to Noradrenaline, Biochem J 238,
395, 1986 (317)

Krebs Ringer bicarbonate buffer

Pessin, J.E., Gitomer, W., Oka, Y., Oppenheimer, C.L., and Czech, M.P.: B-Adrenergic Regulation of
Insulin and Epidermal Growth Factor Receptors in Rat Adipocytes, J Biol Chem 258, 7386, 1983 (558)

Kreb’s Ringer

Green, A. and Newsholme, E.: Sensitivity of Glucose Uptake and Lipolysis of White Adipocytes of the Rat
to Insulin and Effects of Some Metabolites, Biochem J 180, 365, 1979 (310)

Kreb’s Ringer bicarbonate buffer

Stiles, J.W., Francendese, A.A. and Masoro, E.J.: Influence of Age on Size an Number of Fat Cells in the
Epididymal Depot, Am J Physiol 229, 1561, 1975 (285)

Bicarbonate buffer

Fain, J., Reed, N., and Saperstein, R.: Isolation and Metabolism of Brown Fat Cells, J Biol Chem 242,
1887, 1967 (549)

Albumin-bicarbonate buffer

Rodbell, M.: Metabolism of Isolated Fat Cells. |. Effects of Hormones on Glucose Metabolism and
Lipolysis, J Biol Chem 239 (2), 375, 1964 (548)

Medium

Adrenal
Reference

DMEM

Hahm, S., Chen, Y., Vinson, C. and Eiden, L.: A Calcium-Initiated Signaling Pathway Propagated Through
Calcineurin and cAMP Response Element-Binding Protein Activates Proenkephalin Gene Transcription
after Depolarization., Mol Pharmacol 64, 1503, 2003 (10565)

Locke’s solution

Moustafa T, Girod S, Tortosa F, Li R, Sol JC, Rodriguez F, Bastide R, Lazorthes Y, Sallerin B: Viability and
functionality of bovine chromaffin cells encapsulated into alginate-PLL microcapsules with a liquefied inner
core, Cell Transplant 15, 121-33, 2006 (10341)

Locke’s solution

Ortega, J., Sagen, J., and Pappas, G.: Short-term Immunosuppression Enhances Long-term Survival of
Bovine Chromaffin Cell Xenografts in Rat CNS, Cell Transplant 1, 33, 1992 (359)

HEPES

Zhu, J., Li, W., Toews, M., and Hexum, T.: Neuropeptide Y Inhibits Forskolin-Stimulated Adenylate
Cyclase in Bovine Adrenal Chromaffin Cells via a Pertussis Toxin-Sensitive Process, J Pharmacol Exp
Ther 263 (3), 1479, 1992 (1232)

25mM HEPES buffered Locke’s solution,
CMF

Trifaro, J., Tang, R., and Novas, M.: Monolayer Co-Culture of Rat Heart Cells and Bovine Adrenal
Chromaffin Paraneurons, In Vitro Cell Dev Biol 26, 335, 1990 (438)

DMEM

Dahmer, M., Hart, P., and Perlman, R.: Studies on the Effect of Insulin-Like Growth Factor-I on
Catecholamine Secretion from Chromaffin Cells, J Neurochem 54 (3), 931, 1990 (1231)

Locke’s solution, CMF

Aunis, D., Rotllan, P., and Miras-Portugal, M.: Incorporation of Adenosine into Nucleotides of Chromaffin
Cells in Culture, Neurochem Int 7, 89, 1985 (644)

Kreb’s, CMF

Almazan, G., Aunis, D., Garcia, A., Montiel, C., Nicolas, G., and Sanchez-Garcia, P.: Effects Of CLS on
the Release of Noradrenaline From Chromaffin Cells, Br J Biomed Sci 81, 599, 1984 (343)

(see reference)

Pollard, H., Pazoles, C., Creutz, C., Scott, J., Zinder, O., and Hotchkiss, A.: An Osmotic Mechanism For
Exocytosis From Dissociated Chromaffin Cells, J Biol Chem 259, 1114, 1984 (559)
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TISSUE TABLES

Species Adrenal (con’t) Cell(s) Enzyme(s)
Bovine Chromaffin Collagenase Type 1: 0.05%
Bovine Chromaffin Collagenase Type 1: 0.025%
Bovine Medulla Hyaluronidase: 0.2%
Bovine Medulla Collagenase: 0.2%
Bovine Chromaffin Deoxyribonuclease I: 15 pg/ml
Bovine Medulla Protease: 0.2%
Bovine Chromaffin Collagenase: 0.05%
Bovine, adult Chromaffin Collagenase: 0.5%
(also rat, Hanover-Wistar, young; guinea-pig,
newborn)
Bovine Chromaffin Collagenase: 0.25%
Bovine Medulla Collagenase: 0.05%
Bovine, adult Medulla Collagenase Type 1: 0.5%
Bovine Chromaffin Collagenase: 0.05%
Bovine Medullary Collagenase Type 2: 0.2%
Bovine Foreskin Collagenase: 0.5%
Bovine Medulla Collagenase Type 1: 0.05%
Bovine Chromaffin Hyaluronidase: 0.2%
Guinea-Pig Guinea-pig, 500-700 g Chromaffin Collagenase:
Medulla
Guinea-pig Chromaffin Collagenase: 0.5%
(also rat, Hanover-Wistar, young; newborn; cattle)
Guinea-pig Adrenal Collagenase: 0.05%-0.20%
Chromaffin
Hamster Hamster (Mesocricetus auratus) 100-150 g Adrenal Hyaluronidase: 0.20%
Chromaffin
Human Human Chromaffin cells Collagenase: 0.2%
Human Adrenocortical Collagenase Type 1: 0.2%
Deoxyribonuclease I: 0.01%
Human, adult Chromaffin Trypsin: 0.25%
Human, adult and child Foreskin Collagenase: 0.5%
Mouse Mouse, embryonic Chromafin cells Papain: 20-25 u/ml
Ovine QOvine, adult and fetal Adrenocortical Collagenase Type 1: 0.4%
Qvine, fetal Adrenocortical Collagenase Type 1: 0.4%
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Medium

TISSUE TABLES

Reference Adrenal (con't)

CF Kreb’s

Cena, V., Garcia, A., Montiel, C., and Sanchez-Garcia, P.: Uptake of [*H]-nicotine and [*H]-noradrenaline
by Cultured Chromaffin Cells, Br J Pharmacol 81, 119, 1984 (342)

HBSS, modified

Waymire, J., Bennett, W., Boehme, R., Hankins, L., Gilmer-Waymire, K., and Haycock, J.: Bovine Adrenal
Chromaffin Cells: High-Yield Purification and Viability in Suspension Culture, J Neurosci Methods 7, 329,
1983 (608)

Saline w/BSA 0.5%

Knight, D. and Baker, P.: Stimulus-Secretion Coupling in Isolated Bovine Adrenal Medullary Cells, Q J Exp
Physiol 68, 123, 1983 (715)

Krebs-Ringer bicarbonate buffer, CMF

Greenberg, A. and Zinder, O.: alpha- and beta-Receptor Control of Catecholamine Secretion from Isolated
Adrenal Medulla Cells, Cell Tissue Res 226, 655, 1982 (356)

Medium A Wilson, S.P., and Viveros, O.H.: Primary Culture of Adrenal Medullary Chromaffin Cells in a Chemically
(see reference) Defined Medium, Exp Cell Res 133, 159, 1981 (392)
Saline Baker, P., and Knight., D: Calcium Control of Exocytosis and Endocytosis in Bovine Adrenal Medullary

Cells, Phil Trans R Soc Lond 296, 83, 1981 (1158)

Locke’s solution, CMF

Trifaro, J.M., and Lee, R.W.: Morphological Characteristics and Stimulus-Secretion Coupling in Bovine
Adrenal Chromaffin Cell Cultures, Neuroscience 5, 1533, 1980 (647)

HBSS

Unsicker, K., Rieffert, B., and Ziegler, W.: Effects of Cell Culture Conditions, Nerve Growth Factor,
Dexamethasone, and Cyclic AMP on Adrenal Chromaffin Cells In Vitro, Adv Biochem Psychopharmacol
255,51, 1980 (713)

F-12 medium

Kumakura, K., Karoum, F., Guidotti, A., and Costa, E.: Modulation of Nicotinic Receptors by Opiate
Receptor Agonists in Cultured Adrenal Chromaffin Cells, Nature 283, 489, 1980 (714)

Locke’s solution, CF

Kilpatrick, D., Ledbetter, F., Carson, K., Kirshner, A., Slepetis, R., and Kirshner, N.: Stability of Bovine
Adrenal Medulla Cells in Culture, J Neurochem 35 (3), 679, 1980 (1157)

HBSS Unsicker, K., and Griesser, G.: Establishment, Characterization and Fibre Outgrowth of Isolated Bovine
Adrenal Medullary Cells in Long-Term Cultures, Neuroscience 5, 1445, 1980 (1160)

DMEM Aunis, D., Guerold, B., Bader, M-F., and Cieselski-Treska, J.: Inmunocytochemical and Biochemical
Demonstration of Contractile Proteins in Chromaffin Cells, Neuroscience 5, 2261, 1980 (11671)

HEPES Hersey, R., and DiStefano, V.: Control of Phenylethanolamine N-Methyltransferase by Glucocorticoids in

Cultured Bovine Adrenal Medullary Cells, J Pharmacol Exp Ther 209 (1), 147, 1979 (1159)

Dulbecco’s MEM w/10% calf serum

Folkman, J., Haudenschild, C. C., and Zetter, B. R.: Long-term Culture of Capillary Endothlial Cells, Proc
Nat/ Acad Sci U S A 76, 5217, 1979 (653)

Kreb’s, CF Fenwick, E., Fajdiga, P., Howe, N., and Livett, B.: Functional and Morphological Characterization of
Isolated Bovine Adrenal Medullary Cell, J Cell Biol 76, 12, 1978 (591)

HEPES, CF Brooks, J.C.: The Isolated Bovine Adrenomedullary Chromaffin Cell: A Model of Neuronal Excitation-
Secretion, Endocrinology 101, 1369, 1977 (373)

BSS Role, L.W., Leeman, S.E., and Periman, R.L.: Somatostain and Substance P Inhibit Catecholamine

(see reference) Secretion from Isolated Cells of Guinea-pig Adrenal Medulla, Neurochem Int 6, 1813, 1981 (643)

HBSS Unsicker, K., Rieffert, B., and Ziegler, W.: Effects of Cell Culture Conditions, Nerve Growth Factor,

Dexamethasone, and Cyclic AMP on Adrenal Chromaffin Cells In Vitro, Adv Biochem Psychopharmacol
255,51, 1980 (713)

Kreb’s-Ringer bicarb glucose buffer, CF

Hochman, J., and Perlman, R.L.: Catecholamine Secretion by Isolated Adrenal Cells, Biochim Biophys
Acta 421, 168, 1976 (320)

Kreb’s Ringer bicarbonate buffer

Liang, B.T., and Periman, R.L.: Catecholamine Secretion by Hamster Adrenal Cells, J Neurochem 32,
927, 1979 (606)

Locke’s solution

Jeon, Y., Baek, W., Chung, S., Shin, N., Kim, H., and Lee, S.: Cultured Human Chromaffin Cells Grafted in
Spinal Subarachnoid Space Relieves Allodynia in a Pain Rat Model., Korean J Anesthesiol Vol. 60, 357,
2011 (10566)

Kreb’s Ringer

Caroccia, B., Fassina, A., Seccia, T., Recarti, C., Petrelli, L., Belloni, A., Pelizzo, M. and Rossi, G.:
Isolation of Human Adrenocortical Aldosterone-Producing Cells by a Novel Immunomagnetic Beads
Method., Endocrinology 151, 1375, 2010 (10680)

Eagle’s MEM

Tischler, A., DeLellis, R., Bailes, B., Nunnemacher, G.,Carabba, V., and Wolfe, H.: Nerve Growth Factor-
Induced Neurite Outgrowth from Normal Human Chromaffin Cells, Lab Invest 43, 399, 1980 (625)

Dulbecco’'s MEM w/10% calf serum

Folkman, J., Haudenschild, C. C., and Zetter, B. R.: Long-term Culture of Capillary Endothlial Cells, Proc
Natl Acad Sci U S A 76, 5217, 1979 (653)

DMEM

Tian Jin-Hua, Wu Zheng-Xing, Unzicker Michael, Lu Li, Cai Qian, Li Cuiling, Schirra Claudia, Matti UIf,
Stevens David, Deng Chuxia, Rettig Jens, Sheng Zu-Hang: The role of Snapin in neurosecretion: snapin
knock-out mice exhibit impaired calcium-dependent exocytosis of large dense-core vesicles in chromaffin
cells, J Neurosci 25, 10546-55, 2005 (10118)

DMEM/Ham’s F12

Valego, N. and Rose, J.: A Specific CRH Antagonist Attenuates ACTH-Stimulated Cortisol Secretion in
Ovine Adrenocortical Cells., Reprod Sci Vol. 17, 477, 2010 (10562)

DMEM/Ham’s F12

Valego, N., Su, Y., Carey, L., Young, S., Tatter, S., Wang, J. and Rose, J.: Hypothalamic-Pituitary
Disconnection in Fetal Sheep Blocks the Peripartum Increases in Adrenal Responsiveness and Adrenal
ACTH Receptor Expression., Am J Physiol Regul Integr Comp Physiol 289, R410, 2005 (10563)
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Species Adrenal (con’t) Cell(s) Enzyme(s)
Qvine, adult Chromaffin cells Collagenase Type 2: 0.2%
Deoxyribonuclease I: 100 u/ml
Qvine, 3 year Anterior pituitary Trypsin: 2.5%
Deoxyribonuclease I: 0.004%
Rat Rat, SD Chromaffin cells Collagenase Type 1: 0.26%
Deoxyribonuclease I: 0.015%
Hyaluronidase: 0.015%
Rat Chromaffin Collagenase Type 1: 0.26%
Deoxyribonuclease I: 0.015%
Hyaluronidase: 0.015%
Rat, SD, male Zona fasciculata/reticularis Collagenase: 0.4%
Rat, Wistar, newborn Chromaffin cells Collagenase Type 1: 0.025%
Deoxyribonuclease I: 0.0015%
Rat, SD, male ZG Collagenase Type 1: 0.2%
ZFR
Rat, Fischer, male, 10-16 weeks Adrenocortical Deoxyribonuclease I: 0.005%
Rat, male, 120-160 g, Leydig Collagenase Type 2: 0.03% (adrenal)
Rat, SD, male, 400-450 g Adrenal
Rat, SD, 2-4 day old Heart Trypsin: 0.06%
(also bovine) Adrenal chromaffin
Paraneurons
Rat, Long-Evans, female, 150-200 g Glomerulosa Collagenase: 0.2%
Rat, Fischer, male, 1-10 months Adrenocortical Deoxyribonuclease I: 0.005%
Rat, SD, male, 400-450 g Decapular Deoxyribonuclease I: 0.01%
Capsular
Glomerulosa
Rat Chromaffin Trypsin: 0.10%
Rat, Hanover-Wistar, 2nd postnatal week (also Chromaffin Collagenase: 0.5%
guinea-pig, cattle)
Rat, SD, female, 200 g Glomerulosa Deoxyribonuclease I: 0.05%
Rat Foreskin Collagenase: 0.5%
Rat, Wistar-Hanover, 7-12 day Medullary Trypsin: 0.125%
Rat, SD, male Cortical Trypsin: 0.25%
Rat, Holtzman, male, 180-250 g Adrenal Collagenase Type 1: 0.5%
Bone
Species Cell(s) Enzyme(s)
Bovine Bovine Chondrocytes Collagenase Type 2: 0.4%
Chicken Chick, day old Osteoblasts Trypsin: 0.03%
Chick, Peterson/Arbor Acre, male, 4 weeks old Chondrocytes Trypsin: 0.25%
(Gallus domesticus)
Chick, embryo Vertebrae chondroblasts Trypsin: 0.25%
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Medium

TISSUE TABLES

Reference Adrenal (con’t)

Locke’s solution

Keating, D., Rychkov, G., Adams, M., Holgert, H., McMillen, I.C. and Roberts, M.: Opioid Receptor
Stimulation Suppresses the Adrenal Medulla Hypoxic Response in Sheep by Actions on Ca(2+) and K(+)
Channels., J Physiol 555, 489, 2004 (10567)

DMEM Canny B J, O'Farrell KA, Clarke | J, Tilborook A J: The influence of sex and gonadectomy on the
hypothalamo-pituitary-adrenal axis of the sheep, J Endocrinol 162, 215-25, 1999 (10324)

HBSS Gilabert, J: Necessary Conditions to Maintain Rat Adrenal Chromaffin Cells in Primary Culture, Cell
Biology of the Chromaffin Cell,Borges, R. and Gandia, L., Instituto Teofilo Hernando, 2004 (10564)

HBSS Gilabert, J, Montalvo, G, and Artalejo A.: Rat Chromaffin cells primary cultures: Standardization and

quality assessment for single-cell assays, Nat Protoc , 294, 2006 (10349)

Krebs-HEPES

Bruder EricD, Ball Dennis L, Goodfriend TheodoreL, Raff Hershel: An oxidized metabolite of linoleic acid
stimulates corticosterone production by rat adrenal cells, Am J Physiol Regul Integr Comp Physiol 284,
R1631-5, 2003 (10134)

DMEM Zhang L, Castell A, Avila E, Drucker-Colv#n R, Escobar A: Immunocytochemical, ultrastructural and
neurochemical evidences on synaptogenesis and dopamine release of rat chromaffin cells co-cultured
with striatal neurons, J Neuropathol Exp Neurol 59, 170-4, 2000 (10247)

Kreb’s Sayed, S., Whitehouse, B., and Jones, P.: Phosphoserine/Threonine Phosphatases in the Rat Adrenal
Cortex: A Role in the Control of Steroidogenesis, J Endocrinol 154, 449, 1997 (1072)

BSS Roskelley, C.D. and Auersperg, N.: Density Separation of Rat Adrenocortical Cells: Morphology,

Steroidogenesis, and P-450scc Expression in Primary Culture, In Vitro Cell Dev Biol 26, 493, 1990 (425)

Krebs Ringer bicarbonate buffer

Ng, T. and Liu, W.: Toxic Effect of Heavy Metals on Cells Isolated from the Rat Adrenal and Testis, In Vitro
Cell Dev Biol 26, 24, 1990 (435)

25mM HEPES buffered Locke’s solution,

Trifaro, J., Tang, R., and Novas, M.: Monolayer Co-Culture of Rat Heart Cells and Bovine Adrenal

CMF Chromaffin Paraneurons, In Vitro Cell Dev Biol 26, 335, 1990 (438)

MEM-d-Val Payet, N., Deziel, Y., and Lehoux, J.-G.: Vasopressin: A Potent Growth Factor in Adrenal Glomerulosa
Cells in Culture, J Steroid Biochem 20, 449, 1984 (621)

BSS Leonard, R.K., Auersperg, N., and Parkes, C.O.: Ascorbic Acid Accumulation by Cultured Rat
Adrenocortical Cells, In Vitro 19, 46, 1983 (527)

Medium 199 Li, C.H., Ng, T.B., and Cheng, C.H.K.: Melanotropins: Aldosterone- and Corticosterone-Stimulating Activity

in Isolated Rat Adrenal Cells, Int J Pept Protein Res 19, 361, 1982 (543)

Ham’s F-12 w/HEPES

Englert, D.F.: An Optical Study of Isolated Rat Adrenal Chromaffin Cells, Exp Cell Res 125, 369, 1980
(389)

HBSS Unsicker, K., Rieffert, B., and Ziegler, W.: Effects of Cell Culture Conditions, Nerve Growth Factor,
Dexamethasone, and Cyclic AMP on Adrenal Chromaffin Cells, Adv Biochem Psychopharmacol 25, 51,
1980 (711)

Kreb'’s Braley, L., Williams, G., and Bradwin, G.: The Effect of Unit Gravity Sedimentation on Adrenal

Steroidogenesis by Isolated Rat Glomerulosa and Fasciculata Cells, Endocrinology 106 (1), 50, 1980
(769)

Dulbecco’s MEM w/10% calf serum

Folkman, J., Haudenschild, C. C., and Zetter, B. R.: Long-term Culture of Capillary Endothlial Cells, Proc
Natl Acad Sci U S A 76, 5217, 1979 (653)

HBSS

Unsicker, K., Krisch, B., Otten, U., and Thoenen, H.: Nerve Growth Factor-Induced Fiber Outgrowth From
Isolated Rat Adrenal Chromaffin Cells: Impairment by Glucocorticoids
, Proc Natl Acad Sci U S A 75 (7), 3498, 1978 (988)

Kreb’s Ringer bicarbonate buffer

Barofsky, A., Feinstein, M., and Halkerston, I.: Enzymatic and Mechanical Requirements for the
Dissociation of Cortical Cells From Rat Adrenal Glands, Exp Cell Res 79, 263, 1973 (1010)

Kreb’s Ringer bicarbonate buffer

Kloppenborg, P., Island, D., Liddle, G., Michelakis, A., and Nicholson, W.: A Method of Preparing Adrenal
Cell Suspensions and Its Applicability to the In Vitro Study of Adrenal Metabolism, Endocrinology 82,
1053, 1968 (383)

Bone
Medium Reference
DMEM Buschmann, M., Gluzband, Y., Grodzinsky, A., and Hunziker, E.: Mechanical Compression Modulates
Matrix Biosynthesis in Chondrocyte/Agarose Culture, J Cell Sci 108, 1497, 1995 (1133)
DMEM Gay, C., Lloyd, Q., and Gilman, V.: Characteristics and Culture of Osteoblasts Derived From Avian Long
Bone, In Vitro Cell Dev Biol 30A, 379, 1994 (1036)
Ham’s F12 Rosselot, G., Reginato, A.M., and Leach, R.M.: Development of a Serum-Free System to Study the
Effect of Growth Hormone and Insulinlike Growth Factor-1 on Cultured Postembryonic Growth Plate
Chondrocytes, In Vitro Cell Dev Biol 28A, 235, 1992 (481)
Simm’s, CMF Schiltz, J.R., Mayne R., and Holtzer, H.: The Synthesis of Collagen and Glycosaminoglycans by

Dedifferentiated Chondroblasts in Culture, Differentiation 1, 97, 1973 (678)
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TISSUE TABLES

Species Bone (con’t) Cell(s) Enzyme(s)
Human Human, 22-73 year Osteoblasts Trypsin: 0.5%
Human, 60+ year Bone cells, osteoblasts Collagenase Type 2: 200-250 u/ml
Human Osteoblasts Trypsin: 0.1%
Human Osteoblasts Collagenase Type 4: 250 u/ml
Mouse Mouse Endosteal cells Collagenase Type 1: 0.3%
Mouse, male, 6-8 week old Osteoclasts Collagenase Type 3: 0.1%
Mouse, 3-5 day, 6-8 week Bone cells, osteoblasts Collagenase Type 2: 200-250 u/ml
Mouse, BALBI/c Osteoblastlike cells Trypsin: 0.1%
Stromal cell lines
Hematopoietic blast cells
Mouse, Swiss-Webster Neonatal bone Collagenase Type 2: 0.20%
Rat Rat, fetal, 21 days of gestation Calvaria Collagenase: 0.2%
Rat, newborn Osteoblastlike cells Collagenase Type 2: 0.3%
Brain
Species Cell(s) Enzyme(s)
Bovine Bovine Microvascular endothelial Neutral Protease: 0.005%
Bovine Brain endothelial cells Collagenase Type 2: 0.35%
Bovine Endothelial Neutral Protease: 0.125%
Bovine, adult Cerebral artery Collagenase: 0.2%
Endothelial
Bovine Capillary endothelial Collagenase: 0.1%
Bovine Endothelial Neutral Protease: 0.5%
Calf Oligodendroglia Trypsin: 0.1%
(also lamb) Neural
Guinea-Pig Guinea-pig, 200-400 g Neurons Trypsin: 0.06-0.08%
Human Human Tumor Collagenase Type 4: 0.1%
Hyaluronidase: 0.07%
Deoxyribonuclease I: 0.04%
Human Microglia Trypsin: 0.25%
Deoxyribonuclease I: .005%
Human Microvessels Collagenase Type 4: 0.1%
Human Neuronal Deoxyribonuclease I: 10 pg/ml
Human, 15-54 years Microvessels Collagenase: 0.1%
Insect Drosophilia Neurons Papain: 20 u/ml
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Medium

TISSUE TABLES

Reference Bone (con’t)

Basal Medium

Kneser U, Voogd A, Ohnolz J, Buettner O, Stangenberg L, Zhang YH, Stark GB, Schaefer DJ: Fibrin
gel-immobilized primary osteoblasts in calcium phosphate bone cement: in vivo evaluation with regard to
application as injectable biological bone substitute, Cells Tissues Organs 179, 158-69, 2005 (10316)

DMEM

Chen X., Qian H., Neff L., Satomura K., and Horowitz M.: Thy-1 antigen Expression by Cells in the
Osteoblast Lineage, J Bone Miner Res 14, 362, 1999 (9811)

DMEM

Meikle, M., Boyd, S., Hembry, R., Compston, J., Croucher, P., and Reynolds, J.: Human Osteoblasts
in Culture Synthesize Collagenase and Other Matrix Metalloproteinases in Response to Osteotropic
Hormones and Cytokines, J Cell Sci 103, 1093, 1992 (1229)

DMEM

Fedarko, N.S., Termine, J.D., Young, M.F. and Robey, P.G.: Temporal Regulation of Hyaluronan and
Proteoglycan Metabolism by Human Bone Cells in Vitro, J Biol Chem 265, 12200, 1990 (567)

DMEM

Nakamura, Y., Arai, F., lwasaki, H., Hosokawa, K., Kobayashi, |., Gomei, Y., Matsumoto, Y., Yoshihara,
H. and Suda, T.: Isolation and Characterization of Endosteal Niche Cell Populations that Regulate
Hematopoietic Stem Cells., Blood 116, 1422, 2010 (10621)

DMEM

Sakai, E., Miyamoto, H., Okamoto, K., Kato, Y., Yamamoto, K., and Sakai, H.: Characterization of
Phagosomal Subpopulations Along Endocytic Routes in Osteoclasts and Macrophages, J Biochem
(Tokyo) 130, 823, 2001 (1145)

DMEM

Chen X., Qian H., Neff L., Satomura K., and Horowitz M.: Thy-1 antigen Expression by Cells in the
Osteoblast Lineage, J Bone Miner Res 14, 362, 1999 (9811)

Eagle’s MEM

Takanashi, H., Matsuishi, T., and Yoshizato, K.: Establishment and Characterization of Stromal Cell Lines
That Support Differentiation of Murine Hematopoietic Blast Cells into Osteoblast-like Cells, In Vitro Cell
Dev Biol 30A, 384, 1994 (1037)

Tris-buffered saline

Chen,T. and Feldman,D.: Regulation of 1,25-Dihydroxyvitamin D3 Receptors in Cultured Mouse Bone
Cells, J Biol Chem 256, 5561, 1981 (554)

MEM Owen, T., Aronow, M., Shalhoub, V., Barone, L., Wilming, L., Tassinari, M., Kennedy, M., Pockwinse, S.,
Lian, J., and Stein, G.: Progressive Development of the Rat Oseoblast Phenotype In Vitro: Reciprocal
Relationships in Expression of Genes Associated with Osteoblast Proliferation and Differentiation During
Formation of the Bone Extracellular Matrix, J Cell Physiol 143, 420, 1990 (1235)

MEM Ernst, M., and Froesch, E.: Osteoblastlike Cells in a Serum-Free Methylcellulose Medium Form Colonies:
Effects of Insulin and Insulinlike Growth Factor |, Calcif Tissue Int 40, 27, 1987 (1007)

Brain

Medium Reference

Medium 199 Kanda, T., Yoshino, H., Ariga, T., Yamawaki, M., and Yu, R.: Glycosphingolipid Antigens in Cultured
Microvasular Bovine Brain Endothelial Cells: Sulfoglucuronosyl Paragloboside as a Target of Monoclonal
IgM in Demyelinative Neuropathy, J Cell Biol 126 (1), 235, 1994 (950)

DMEM Wolburg H, Neuhaus J, Kniesel U, Krauss B, Schmid EM, Ocalan M, Farrell C, Risau W: Modulation
of tight junction structure in blood-brain barrier endothelial cells. Effects of tissue culture, second
messengers and cocultured astrocytes, J Cell Sci 107, 1347, 1994 (10048)

MEM Miller, D., Audus, K., and Borchardt, R.: Application of Cultured Endothelial Cells of the Brain
Microvasculature in the Study of the Blood-Brain Barrier, J Tiss Cul Meth 14, 217, 1992 (942)

HBSS Machi, T., Kassell, N.F., and Scheld, W.M.: Isolation and Characterization of Endothelial Cells From
Bovine Cerebral Arteries, In Vitro Cell Dev Biol 26, 291, 1990 (436)

DMEM Estrada, C., Bready, J., Berliner, J., and Cancilla, P.: Choline Uptake by Cerebral Capillary Endothelial
Cells in Culture, J Neurochem 54, 1467, 1990 (949)

MEM Audus, K., and Borchardt, R.: Characterization of an /In Vitro Blood-Brain Barrier Model System for

Studying Drug Transport and Metabolism, Pharm Res 3 (2), 81, 1986 (855)

(see reference)

Poduslo, S., Miller, K., and McKhann, G.: Metabolic Properties of Maintained Oligodendroglia Purified
from Brain, J Biol Chem 253, 1592, 1978 (552)

PIPES saline

Kay, A.R., and Wong, R.K.S.: Isolation of Neurons Suitable for Patch-Clamping from Adult Mammalian
Central Nervous Systems, J Neurosci Methods 16, 227, 1986 (607)

(see reference)

Sauvageot, C., Weatherbee, J., Kesari, S., Winters, S., Barnes, J., Dellagatta, J., Ramakrishna, N., Stiles,
C., Kung, A., Kieran, M. and Wen, P.: Efficacy of the HSP90 Inhibitor 17-AAG in Human Glioma Cell Lines
and Tumorigenic Glioma Stem Cells., Neuro Oncol Vol. 11, 109, 2009 (10592)

DMEM/F12 Klegeris Andis, McGeer PatrickL: Chymotrypsin-like proteases contribute to human monocytic THP-1 cell
as well as human microglial neurotoxicity, Glia 51, 56-64, 2005 (10112)
DMEM Gerhart, D. Z., Broderius, M. A., and Drewes, L. R.: Cutlured Human and Canine Endothelial Cells from

Brain Microvessels, Brain Res Bull 21, 785, 1988 (344)

Tris-HCI, 50 mM, CaCl2, 2 mM

Roher, A.E., Palmer, K.C., Chau, V., and Ball, M.J.: Isolation and Chemical Characterization of
Alzheimer’s Disease Paired Helical Filament Cytoskeletons:Differentiation from Amyloid Plaque Core
Protein, J Cell Biol 107, 2703, 1988 (587)

Serum-free modified Lewis medium

Vinters, H.V., Reave, S., Costello, P., Girvin, J.P., and Moore, S.A.: Isolation and Culture of Cells Derived
From Human Cerebral Microvessels, Cell Tissue Res 249, 657, 1987 (357)

Saline

Gu, H. and O’'Dowd, D.: Whole Cell Recordings from Brain of Adult Drosophila., J Vis Exp 6, 248, 2007
(10651)
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Species Brain (con’t) Cell(s) Enzyme(s)
Monkey Monkey, rhesus Brain cells Collagenase Type 2: 500 u/ml
Deoxyribonuclease I: 28 u/ml
Mouse Mouse, 1-2 day Oligodendrocytes, dorsal root | Papain: 0.15%
ganglia Deoxyribonuclease I: 0.006%
Mouse, 6-12 week Vascular smooth muscle cells | Papain: 0.05%
Collagenase Type 4: 0.15%
Elastase: 0.05%
Mouse, 4-6 day Neurons PDS kit: with modifications
Mouse, postnatal Astrocytes Trypsin: 0.25%
Deoxyribonuclease I: 1,000 u/ml
Mouse, neonatal Neurons Papain: 20 u/ml
Mouse, embryonic and postnatal Cortical neurons Papain: 4-10 u/ml
Mouse, 1 day Neural progenitor PDS kit: per instructions
Mouse Granule cell precursors, pre- | Papain: 10 u/ml
neoplastic and tumor cells Deoxyribonuclease I: 250 u/ml
Mouse Cortical neurons PDS kit: per instructions
Mouse, embryonic Cortical progenitors PDS kit: per instructions
Mouse, 1 day Neurons and glia PDS kit: per instructions
Mouse Neurosperes PDS kit:
Mouse, 3 day Microglia Papain: 90 u/ml
Deoxyribonuclease I: 2000 u/ml
Mouse, SD, 8-12 week Microglia Trypsin: 0.125%
Collagenase Type 2: 0.01%
Deoxyribonuclease I: .005%
Mouse, 2-5 day Postnal substantia nigra PDS kit: per instructions
Mouse Cerebellar granule cell Papain: 0.435%
precursors Deoxyribonuclease I: 0.05%
Mouse Astrocytes Trypsin: 0.25%
Mouse, newborn Hippocampal cells Papain: 10 u/ml
Mouse, SWR or CF1, 1-3 months Papillae, taste receptor Pronase E: 0.15%
Mouse, 0-30 day Neural Trypsin NF 1:250: 50 0.25%
Ovine Lamb Oligodendroglia Trypsin: 0.1%
(also calf) Neural
Porcine Mini pigs, Yucatan (Susscrofa Yucatan), 4-6 months | Microvascular Collagenase: 0.1%
Rat Rat, SD, 19-21 day Suprachiasmatic nucleus Papain: 100 u/ml
neurons
Rat, Fisher, 7-21 month Hippocampal neurons Papain: 0.2%
Tissue Dissociation Guide
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Medium

TISSUE TABLES

Reference Brain (con’t)

HBSS

Marcondes MC, Burudi EM, Huitron-Resendiz S, Sanchez-Alavez M, Watry D, Zandonatti M, Henriksen
SJ, Fox HS: Highly activated CD8(+) T cells in the brain correlate with early central nervous system
dysfunction in simian immunodeficiency virus infection, J Immunol 167, 5429-38, 2001 (10125)

DMEM

O’Meara, R., Ryan, S., Colognato, H. and Kothary, R.: Derivation of Enriched Oligodendrocyte Cultures
and Oligodendrocyte/Neuron Myelinating Co-Cultures from Post-Natal Murine Tissues., J Vis Exp 54,
3324, 2011 (10650)

PBS

Chung, W, Farley, J., Swenson, A., Barnard, J., Hamilton, G., Chiposi, R. and Drummond, H.:
Extracellular Acidosis Activates ASIC-like Channels in Freshly Isolated Cerebral Artery Smooth Muscle
Cells., Am J Physiol Cell Physiol 298, C1198, 2010 (10575)

HBSS

Lee, H., Greene, L., Mason, C. and Manzini, M.: Isolation and Culture of Post-Natal Mouse Cerebellar
Granule Neuron Progenitor Cells and Neurons., J Vis Exp 23, 990, 2009 (10652)

HBSS

Sher, F., Rossler, R., Brouwer, N., Balasubramaniyan, V., Boddeke, E. and Copray, S.: Differentiation of
Neural Stem Cells Into Oligodendrocytes: Involvement of the Polycomb Group Protein Ezh2., Stem Cells
26, 2875, 2008 (10507)

Neurobasal

Fasano, C., Thibault, D. and Trudeau, L.: Culture of Postnatal Mesencephalic Dopamine Neurons on an
Astrocyte Monolayer, Current Protocols in Neuroscience Vol. 44, 3.21.1, 2008 (10687)

Neurobasal

Hilgenberg, L. and Smith, M.: Preparation of Dissociated Mouse Cortical Neuron Cultures., J Vis Exp 10,
562, 2007 (10660)

(see reference)

Seaberg, R., Smukler, S. and Van der Kooy, D.: Intrinsic Differences Distinguish Transiently Neurogenic
Progenitors from Neural Stem Cells in the Early Postnatal Brain., Dev Biol 278, 71, 2005 (10363)

Neurobasal/B27 Oliver, T., Read, T., Kessler, J., Mehmeti, A., Wells, J., Huynh, T., Lin, S. and Wechsler-Reya, R.: Loss of
Patched20and Disruption of Granule Cell Development in a Pre-Neoplastic Stage of Medulloblastoma.,
Development 132, 2425, 2005 (10555)

Neurobasal Hernandez, F., Perez, M., Lucas, J., Mata, A., Bhat, R. and Avila, J.: Glycogen Synthase Kinase-3 plays

a Crucial Role in Tau Exon 10 Splicing and Intranuclear Distribution of SC35. Implications for Alzheimer’s
disease., J Biol Chem 279, 3801, 2004 (10361)

Serum free medium

Estivill-Torrus, G., Pearson, H., Van Heyningen, V., Price, D. and Rashbass, P.: Pax6 is Required to
Regulate the Cell Cycle and the Rate of Grogression from Symmetrical to Asymmetrical Division in
Mammalian Cortical Progenitors., Development 129, 455, 2002 (10364)

Neurobasal

Martin-Aparicio, E., Yamamoto, A., Hernandez, F., Hen, R., Avila, J. and Lucas, J.: Proteasomal-
Dependent Aggregate Reversal and Absence of Cell Death in a Conditional Mouse Model of Huntington’s
Disease., J Neurosci 21, 8772, 2001 (10362)

DMEM/F12

Klein C, Butt SJ, Machold RP, Johnson JE, and Fishell G.: Cerebellum- and forebrain-derived stem cells
possess intrinsic regional character, Development 132, 4497, 2005 (10062)

Eagle’s MEM

Nishioku T, Hashimoto K, Yamashita K, Liou SY, Kagamiishi Y, Maegawa H, Katsube N, Peters C, von
Figura K, Saftig P, Katunuma N, Yamamoto K, Nakanishi H: Involvement of cathepsin E in exogenous
antigen processing in primary cultured murine microglia, J Biol Chem 277, 4816, 2002 (10043)

RPMI-1640

O’Donnell SL, Frederick TJ, Krady JK, Vannucci SJ, Wood TL: IGF-I and microglia/macrophage
proliferation in the ischemic mouse brain, Glia 39, 85, 2002 (10050)

(see reference)

Smeyne Michelle, Smeyne RichardJ: Method for culturing postnatal substantia nigra as an in vitro model
of experimental Parkinson’s disease, Brain Res Brain Res Protoc 9, 105-11, 2002 (10274)

EBSS Miyazawa K, Himi T, Garcia V, Yamagishi H, Sato S, and Ishizaki Y.: A role for p27/Kip1 in the control of
cerebellar granule cell precursor proliferation, J Neurosci 20, 5756, 2000 (10060)

DMEM Lim, D, and Alvarez-Buylla, A.: Interaction Between Astrocytes and Adult Subventricular Zone Precursors
Stimulates Neurogenesis, Proc Natl Acad Sci U S A 96, 7526, 1999 (1128)

DMKM Jun K, Choi G, Yang SG, Choi KY, Kim H, Chan GC, Storm DR, Albert C, Mayr GW, Lee CJ, Shin HS:

Enhanced hippocampal CA1 LTP but normal spatial learning in inositol 1,4,5-trisphosphate 3-kinase(A)-
deficient mice, Learn Mem 5, 317-30, 1998 (10130)

Carbonate-Phosphate buffer

(see reference)

Spielman, A., Mody, |., Brand, J., Whitney, G., MacDonald, J., and Salter, M.: A Method for Isolating and
Patch-Clamping Single Mammalian Taste Receptor Cells, Brain Res 503, 326, 1989 (350)

BSS

Shrier, B., Wilson, S., and Nirenberg, M.: Cultured Cell Systems and Methods for Neurobiology, Vol. 32,
765, 1974 (637)

(see reference)

Poduslo, S., Miller, K., and McKhann, G.: Metabolic Properties of Maintained Oligodendroglia Purified
from Brain, J Biol Chem 253, 1592, 1978 (552)

HBSS Robinson, D.H., Kang,Y., Deschner, S.H., and Nielsen, T.B.: Morphologic Plasticity and Periodicity :
Porcine Cerebral Microvascular Cells in Culture, In Vitro Cell Dev Biol 26, 169, 1990 (432)

MEM Cao, R, Li, A,, Cho, H., Lee, B. and Obrietan, K.: Mammalian Target of Rapamycin Signaling Modulates
Photic Entrainment of the Suprachiasmatic Circadian Clock., J Neurosci 30, 6302, 2010 (10512)

Hibernate A Chen, N., Newcomb, J., Garbuzova-Davis, S., Davis Sanberg, C., Sanberg, P. and Willing, A.: Human

Umbilical Cord Blood Cells Have Trophic Effects on Young and Aging Hippocampal Neurons in Vitro.,
Aging Dis 1,173, 2010 (10663)
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TISSUE TABLES

Species Brain (con’t) Cell(s) Enzyme(s)
Rat, SD, 7 day Cerebellar granule neurons PDS kit: per instructions
Rat, neonatal Astrocytes Papain: 20 u/ml
Rat, neonatal Hippocampal neurons Papain: 10 u/ml
Rat, E18 Hippocampal neurons Papain: 0.2%
Rat, Wistar, 1-3 day Hippocampal neurons Trypsin: 0.05%
Rat, E19 Hippocampal neuron Papain: 10 u/ml
Rat, Wistar, 14 day Visual cortical PDS kit:
Rat, Wistar, male Cerebral endothelial Collagenase Type 3: 0.2%
Rat, SD, E18 Cortical cells Papain: 20 u/ml
Deoxyribonuclease I: .005%
Rat, Wistar, 250-300 g Cerebral artery smooth Papain: 1.5 mg/ml
muscle cells Collagenase Type 4: 1.5 mg/ml
Rat, SD, E16 Cortical neurons PDS kit: with modifications
Rat, Wistar, neonatal Hippocampal cells Papain: 1 mg/ml
Rat, SD, Fisher Hippocampal neurons Papain: 0.2%
Rat, E18 Hippocampal and cortical PDS kit:
neurons
Rat, SD, newborn Glial Trypsin: 0.0625%
Rat, newborn Astrocytes Trypsin: 0.25%
Rat, 60-72 hours old Fibroblasts Trypsin: 0.2%
Rat, SD, adult Endothelial Collagenase Type 2: 0.5%
Rat, SD, female Fetal rat brain Collagenase Type 4: 0.1%
Rat, albino, adult and newborn Cerebral cortices Trypsin: 0.25%
Rat, Wistar, newborn Germinal matrix Trypsin: 0.25%
Rat, fetus, 18-20 day Hippocampal neurons Trypsin: 0.25%
Rat, fetus, 18 day Hippocampi Trypsin: 0.1%
Rat, SD, 19-20 days pregnant Neural Trypsin: 0.25%
Rat, SD, fetal Cerebral cortex Deoxyribonuclease I: 0.001%
Hypothalmus
Rat, Wistar-Kyoto, male, 100 - 200 g Endothelial Collagenase Type 2: 0.05%
Cerebral
Tissue Dissociation Guide
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TISSUE TABLES

Medium Reference Brain (con’t)

PBS Tanaka, S., Shaikh, I., Chiocca, E. and Saeki, Y.: The Gs-Linked Receptor GPR3 Inhibits the Proliferation
of Cerebellar Granule Cells During Postnatal Development., PLoS ONE 4, €5922, 2009 (10487)

EBSS Shigetomi, E. and Khakh, B.: Measuring Near Plasma Membrane and Global Intracellular Calcium
Dynamics in Astrocytes., J Vis Exp 26, 1142, 2009 (10656)

EBSS Richler Esther, Chaumont Severine, Shigetomi Eiji, Sagasti Alvaro, Khakh Baljit S: Tracking transmitter-
gated P2X cation channel activation in vitro and in vivo, Nat Methods 5, 87-93, 2008 (710319)

Hibernate Jekabsons MB, Nicholls DG: Bioenergetic analysis of cerebellar granule neurons undergoing apoptosis by
potassium/serum deprivation, Cell Death Differ 13, 1595-610, 2006 (710729)

DMEM Velasco Myrian, Garca#a Esperanza, Onetti Carlos G: Glucose deprivation activates diversity of
potassium channels in cultured rat hippocampal neurons, Cell Mol Neurobiol 26, 307-19, 2006 (10321)

MEM Khakh Baljit S, Fisher James A, Nashmi Raad, Bowser David N, Lester Henry A: An angstrom scale
interaction between plasma membrane ATP-gated P2X2 and alpha4beta2 nicotinic channels measured
with fluorescence resonance energy transfer and total internal reflection fluorescence microscopy, J
Neurosci 25, 6911-20, 2005 (10307)

EBSS Mizoguchi Y, Kanematsu T, Hirata M, Nabekura J: A rapid increase in the total number of cell surface
functional GABAA receptors induced by brain-derived neurotrophic factor in rat visual cortex, J Biol Chem
278, 44097, 2003 (10022)

MEM Floris S, Van den Born J, van der Pol SM, Dijkstra CD, De Vries HE: Heparan sulfate proteoglycans
modulate monocyte migration across cerebral endothelium, J Neuropathol Exp Neurol 62, 780, 2003
(10041)

EBSS Behar, T, Smith, S, Kennedy, R, Mckenzie, J, Maric, | and Barker, J: GABA(B) receptors mediate motility

signals for migrating embryonic cortical cells, Cereb Cortex 11, 744-53, 2001 (10116)

physiological salt solution

Brzezinska AK, Gebremedhin D, Chilian WM, Kalyanaraman B, Elliott SJ.: Peroxynitrite reversibly inhibits
Ca(2+)-activated K(+) channels in rat cerebral artery smooth muscle cells, Am J Physiol Heart Circ
Physiol 278, H1883, 2000 (10049)

Neurobasal medium

Varney MA, Cosford ND, Jachec C, Rao SP, Sacaan A, Lin FF, Bleicher L, Santori EM, Flor PJ, Allgeier
H, Gasparini F, Kuhn R, Hess SD, Velicelebi G, Johnson EC: SIB-1757 and SIB-1893: selective,
noncompetitive antagonists of metabotropic glutamate receptor type 5, J Pharmacol Exp Ther 290, 170,
1999 (10023)

DMEM

Boehm S, Betz H: Somatostatin inhibits excitatory transmission at rat hippocampal synapses via
presynaptic receptors, J Neurosci 17, 4066, 1997 (10047)

HibernateA/B27

Brewer, G.J.: Isolation and culture of adult rat hippocampal neurons of any age, J Neurosci Methods 71,
143, 1997 (10067)

Neurobasal media

Naeve GS, Ramakrishnan M, Kramer R, Hevroni D, Citri Y, Theill LE: Neuritin: a gene induced by neural
activity and neurotrophins that promotes neuritogenesis, Proc Natl Acad Sci U S A 94, 2648-53, 1997
(10107)

MEM, sterile

Pixley, S.K.: The Olfactory Nerve Contains Two Populations of Glia, In Vitro 5, 269, 1992 (536)

DMEM, HBSS

Holzwarth, J., Glaum, S., and Miller, R.: Activation of Endothelin Receptors by Sarafotoxin Regulates
Ca2+ Homeostasis in Cerebellar Astrocytes, Glia 5, 239, 1992 (948)

HEPES buffered DMEM

Acheson, A., Barker, P., Alderson, R., Miller, F., and Murphy, R.: Detection of Brain-Derived Neurotrophic
Factor-like Activity in Fibroblasts and Schwann Cells: Inhibition by Antibodies to NGF, Neuron 7, 265,
1991 (675)

Medium 199 Doron, D., Jacobowitz, D., Heldman, E., Feurerstein, G., Pollard, H., and Hallenbeck, J.: Extracellular
Matrix Permits the Expression of Von Willebrand’s Factor, Uptake of Di-I-Acetylated Low Density
Lipoprotein and Secretion of Prostacyclin in Cultures of Endothelial Cells from Rat Brain Microvessels, In
Vitro Cell Dev Biol 27A, 689, 1991 (860)

DMEM Matsuda, M.: Serum Proteins Enhance Aggregate Formation of Dissociated Fetal Rat Brain Cells in an
Aggregating Culture, In Vitro Cell Dev Biol 24 (10), 1031, 1988 (861)

PBS Giulian, D. and Baker, T.J.: Characterization of Ameboid Microglia Isolated From Developing Mammalian
Brain, J Neurosci 6, 2163, 1986 (616)

HBSS Goldman, J.E., Geier, S.S., and Hirano, M.: Differentiation of Astrocytes and Oligodendrocytes From
Germinal Matrix Cells in Primary Culture, J Neurosci 6, 52, 1986 (618)

HBSS, CMF Bartlett, W. and Banker, G.: An Electron Microscopic Study of the Development of Axons and Dendrites
by Hippocampal Neurons in Culture. I. Cells Which Develop Without Intercellular Contacts, J Neurosci 4,
1944, 1984 (613)

HBSS Rothman, S.: Synaptic Release of Excitatory Amino Acid Neurotransmitter Mediates Anoxic Neuronal
Death, J Neurosci 4 (7), 1884, 1984 (1011)

DMEM Ahmed, Z., Walker, P., and Fellows, R.: Properties of Neurons from Dissociated Fetal Rat Brain in Serum-
Free Culture, J Neurosci 3 (12), 2448, 1983 (1202)

HEPES Peterfreund, R. and Vale, W.: High Molecular Weight Somatostatin Secretion by Cultured Rat Brain Cell,
Brain Res 239, 463, 1982 (349)

HBSS Diglio, C.A., Grammas, P., Filiberto Giacomelli, M.S., and Wiener, J.: Primary Culture of Rat Cerebral

Microvascular Endothelial Cells, Lab Invest 46, 554, 1982 (626)
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Species Brain (con’t) Cell(s) Enzyme(s)
Rat, fetus Cortical Trypsin: 0.25%
Rat, Wistar, pregnant Glial Trypsin: 0.05%
Rat, SD, one month old Capillary endothelium Neutral Protease: 0.1%
Pericytes
Rat, Wistar, male, 300-500 g Microvessels Collagenase Type 2: 0.75%
Endothelial
Rat, Wistar, adult, 170 g Endothelial Trypsin: 0.5%
Rat, Holtzmann, 18 day Hippocampal neurons Trypsin: 0.1%
Rat, SD, 2 days Pineal Trypsin: 0.25%
Shellfish Helisoma trivolvis Neurons Trypsin: 0.2%
Buccal ganglia
Cartilage
Species Cell(s) Enzyme(s)
Bovine Bovine, 18-36 month Chondrocytes Collagenase Type 1: 0.1%
Bovine, 6-8 week Chondrocytes Collagenase Type 2: 0.2%
Steers, 1-2 years Chondrocytes Trypsin: 0.20%
Calf, 1-14 days Chondrocytes Collagenase Type 2: 0.20%
Chicken Chick embryos, HH stage Mesenchymal Trypsin: 0.1%
Chicken, broiler strain, 8-10 weeks Matrix vesicles Trypsin: 0.1%
Epiphyseal growth plate
Chicken, broiler strain, 8-10 week Matrix vesicles Trypsin: 0.1%
Chick embryos, White Leghorn, 19 day old Fibroblasts Trypsin: 0.25%
Epithelial-like
Chick embryos, 19 day old Chondrocytes Trypsin: 0.75%
Chick embryos, White Leghorn Wing buds Trypsin: 0.1%
Human Human, 52-82 years Chondrocytes Collagenase Type 2: 0.2%
Pronase: 0.15%
Human Synoviocytes Collagenase Type 1: 0.4%
Human, 26-68 year Meniscus and cartilage Collagenase Type 2: 0.15%
Human, 64-83 yr Chondrocytes Collagenase Type 2: 0.08%
Human, adult Synovial Collagenase: 0.15%
Hyaluronidase: 0.1%
Deoxyribonuclease I: 0.015%
Human, adult Chondrocytes Collagenase Type 2: 0.15%
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Medium

TISSUE TABLES

Reference Brain (con’t)

Puck’s D1 (see reference)

Swaiman, K., Neale, E., Fitzgerald, S., and Nelson, P.: A Method for Large-scale Production of Mouse
Brain Cortical Cultures, Brain Res 255, 361, 1982 (1281)

Eagle’s MEM/DMEM

Abney, E., Bartlett, P., and Raff, M.: Astrocytes, Ependymal Cells, and Oligodendrocytes Develop on
Schedule in Dissociated Cell Cultures of Embryonic Rat Brain, Dev Biol 83, 301, 1981 (858)

Medium 199

Bowman, P, Betz, A., Ar, D., Wolinsky, J., Penney, J., Shivers, R., and Goldstein, G.: Primary Culture of
Capillary Endothelium From Rat Brain, In Vitro 17 (4), 353, 1981 (935)

Ringers-HEPES buffer

Williams, S., Gillis, J., Matthews, M., Wagner, R., and Bitensky, M.: Isolation and Characterization of Brain
Endothelial Cells: Morphology and Enzyme Activity, J Neurochem 35 (2), 374, 1980 (885)

BSS Phillips, P., Kumar, P., Kumar, S., and Waghe, M.: Isolation And Characterization of Endothelial Cells
From Rat And Cow Brain White Matter, J Anat 129, 261, 1979 (708)

HBSS Banker, G., and Cowan, M.: Rat Hippocampal Neurons in Dispersed Cell Culture, Brain Res 126, 397,
1977 (1004)

DMEM, MEM Rowe, V., Neale, E., Avins, L., Guroff, G., and Schrier, B.: Pineal gland cells in culture. Morphology,

Biochemistry, Differentiation, and co-culture with sympathetic neurons, Exp Cell Res 104, 345, 1977
(1311)

Saline, sterile

Hadley, R.D., Bodnar, D.A., and Kater, S.B.: Formation of Electrical Synapses Between Isolated, Cultured
Helisoma Neurons Requires Mutual Neurite Elongation, J Neurosci 5, 3145, 1985 (615)

Cartilage

Medium Reference

HBSS White, R. and Gibson, J.: The Effect of Oxygen Tension on Calcium Homeostasis in Bovine Articular
Chondrocytes., J Orthop Surg Res Vol. 5, 27, 2010 (10610)

DMEM Hwang, Y., Sangaj, N. and Varghese, S.: Interconnected Macroporous Poly(ethylene glycol) Cryogels as a
Cell Scaffold for Cartilage Tissue Engineering., Tissue Eng Part A Vol. 16,, , 3033-41, 2010 (10631)

HBSS Mackintosh, D., and Mason, R.: Pharmacological Actions of 17 Beta-oestradiol on Articular Cartilage
Chondrocytes and Chondrosarcoma Chondrocytes in the Absence of Oestrogen Receptors, Biochim
Biophys Acta 964, 295, 1988 (334)

PBS Klagsbrun, M.: Large Scale Preparation of Chondrocytes, Vol. 58,, , 560, 1979 (1263)

DMEM Wong, M., and Tuan, R.: Nuserum, A Synthetic Serum Replacement, Supports Chondrogenesis of

(see reference)

Embryonic Chick Limb Bud Mesenchymal Cells in Micromass Culture, In Vitro Cell Dev Biol 29A, 917,
1993 (965)

Tris-buffered saline

Genge, B., Wu, L. and Wuthier, R.: Differential Fractionation of Matrix Vesicle Proteins: Further
Characterization of the Acidic Phospholipid-dependent Ca?*-Binding Proteins, J Biol Chem 265, 4703,
1990 (569)

(see reference)

Genge, B.R., Wu, L.N.Y., and Wuthier, R.E.: Identification of Phospholipid-dependent Calcium-binding
Proteins as Constituents of Matrix Vesicles, J Biol Chem 264, 10917, 1989 (564)

E 199 medium

Gionti, E., Capasso, O., and Cancedda, R.: The Culture of Chick Embryo Chondrocytes and the Control
of Their Differentiated Functions in Vitro, J Biol Chem 258 (11), 7190, 1983 (982)

Coon’s modified F-12

Capasso, O., Gionti, E., Pontarelli, G., Ambesi-Impiobato, F., Nitsch, L., Tajana, G., and Cancedda, R.:
The Culture of Chick Embryo Chondrocytes and the Control of Their Differentiated Functions In Vitro, Exp
Cell Res 142, 197, 1982 (983)

Saline G

Ahrens, P., Solursh, M., and Reiter, R.: Stage-Related Capacity for Limb Chondrogenesis in Cell Culture,
Dev Biol 60, 69, 1977 (967)

DMEM/F12

Pallu, S., Francin, P., Guillaume, C., Gegout-Pottie, P., Netter, P., Mainard, D., Terlain, B. and Presle, N.:
Obesity Affects the Chondrocyte Responsiveness to Leptin in Patients with Osteoarthritis., Arthritis Res
Ther 12, R112, 2010 (10619)

DMEM

Kim Wan-Uk, Kwok Seung-Ki, Hong Kyung-Hee, Yoo Seung-Ah, Kong Jin-Sun, Choe Jongseon, Cho
Chul-Soo: Soluble Fas ligand inhibits angiogenesis in rheumatoid arthritis, Arthritis Res Ther 9, R42, 2007
(10173)

DMEM

Marsano A, Millward-Sadler SJ, Salter DM, Adesida A, Hardingham T, Tognana E, Kon E, Chiari-Grisar C,
Nehrer S, Jakob M, Martin I: Differential cartilaginous tissue formation by human synovial membrane, fat
pad, meniscus cells and articular chondrocytes, Osteoarthritis Cartilage 15, 48-58, 2007 (10338)

DMEM/F12

Tallheden T, Bengtsson C, Brantsing C, Sjogren-Jansson E, Carlsson L, Peterson L, Brittberg M, and
Lindahl A.: Proliferation and Differentiation Potential of Chondrocytes from Osteoarthritic Patients, Arthritis
Res Ther 7(3), R560, 2005 (9755)

DMEM

Liagre B, Vergne-Salle P, Corbiere C, Charissoux JL, and Beneytout JL.: Diosgenin, a Plant Steroid,
Induces Apoptosis in Human Rheumatoid Arthritis Synoviocytes with Cyclooxygenase-2 Overexpression,
Arthritis Res Ther 6(4), R373, 2004 (9815)

DMEM

Jakob M, Demarteau O, Schafer D, Stumm M, Heberer M, and Martin |.: Enzymatic Digestion of Adult
Human Articular Cartilage Yields a Small Fraction of the Total Available Cells, Conn Tissue Res 44, 173,
2003 (9812)
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Species Cartilage (con't) Cell(s) Enzyme(s)
Human, adults Synoviocytes Collagenase Type 1: 0.1%
Human, 15-60 years Chondrocytes Collagenase Type 2: 0.2%
Human Synovial fibroblasts Collagenase: 0.4%
Human Septal chondrocytes Collagenase Type 2: 0.2%
Hyaluronidase: 0.01%
Deoxyribonuclease I: 0.015%
Human w/ rheumatoid arthritis Synovial tissue Trypsin: 0.05%
Human, 13-62 years Articular chondrocytes Trypsin: 0.2%
Human, 26-84 years Chondrocytes Collagenase:
Mouse Mouse, 1 day Chondrocytes Collagenase: 0.2%
Ovine Sheep, 2 month Chondrocytes Collagenase Type 2: 0.3%
Porcine Porcine, 1 year Chondrocytes Collagenase Type 1: 0.2%
Porcine, 2-4 month Chondrons Neutral Protease: 0.3%
Collagenase: 0.2%
Rabbit Rabbit, New Zealand, 1.2-1.4 kg Chondrocytes Collagenase Type 2: 0.025%
Pronase: 0.2%
Rabbit, New Zealand, 1.8-2.3kg Chondrocytes Hyaluronidase: .05%
Collagenase Type 2: 0.2%
Trypsin: 0.2%
Rabbit, New Zealand, white, 4-6 wk & 22-25 wk Chondrocytes Protease XIV: 5 mg/g of tissue
Rabbit, white, male, 8 weeks Chondrocytes Trypsin: 0.2%
Rabbit, New Zealand white or Dutch, 1 week Chondrocytes Trypsin: 0.1%
(also human, newborn)
Rabbit, New Zealand white, immature, 2.25 - 3.3 Kg | Articular chondrocytes Trypsin: 0.2%
Hyaline
Rabbit, New Zealand white, male, 250-350 g Epiphyseal Trypsin: 0.25%
Articular cartilage
Rat Rat, SD, young, 100-120 g Chondrocytes Trypsin: 0.2%
Colon
Species Cell(s) Enzyme(s)
Human Human Colonic epithelial Collagenase: 150 u/ml
Neutral Protease: 0.04 mg/ml
Human Colorectal cancer Collagenase Type 4: 1%
Deoxyribonuclease I: 0.2%
Human Colonic epithelial Collagenase Type 4:
0.1%
Human Colonic epithelial Collagenase:Neutral Protease:0.3%
Deoxyribonuclease 1:0.05%
Tissue Dissociation Guide
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Medium

TISSUE TABLES

Reference Cartilage (con't)

RPMI

McEvoy A., Murphy E., Ponnio T., Conneely O., Bresnihan B., FitzGerald O., and Murphy E.: Activation of
Nuclear Orphan Receptor NURR1 Transcription by NF-kappa B and Cyclic Adenosine 5’-Monophosphate
Response Element-binding Protein in Rheumatoid Arthritis Synovial Tissue, J Immunol 168(6), 2979,
2002 (9754)

DMEM

Rotter N, Bonassar LJ, Tobias G, Lebl M, Roy AK, Vacanti CA: Age dependence of cellular properties
of human septal cartilage: implications for tissue engineering, Arch Otolaryngol Head Neck Surg 127,
1248-52, 2001 (10219)

DMEM

Sarkissian M, Lafyatis R: Integrin engagement regulates proliferation and collagenase expression of
rheumatoid synovial fibroblasts, J Immunol 162, 1772-9, 1999 (10174)

DMEM/F12

Dunham B P, Koch R J: Basic fibroblast growth factor and insulinlike growth factor | support the growth
of human septal chondrocytes in a serum-free environment, Arch Otolaryngol Head Neck Surg 124,
1325-30, 1998 (10172)

DMEM
(see reference)

Dayer, J., Krane, S., Russell, R., and Robinson, D.: Production of Collagenase and Prostaglandins by
Isolated Adherent Rheumatoid Synovial Cells, Proc Natl Acad Sci U S A 73 (3), 945, 1976 (780)

BSS

Srivastava, V.M.L., Malemud, C.J., Hough, A.J., Bland, J.H., and Sokoloff, L.: Preliminary Experience with
Cell Culture of Human Articular Chondrocytes, Arthritis Rheum 17, 165, 1974 (726)

GBSS

Manning, W.K., and Bonner, W.M.: Isolation and Culture of Chondrocytes From Human Adult Articular
Cartilage, Arthritis Rheum 10, 235, 1967 (727)

DMEM

Terpstra, L, Prud’homme, J, Arabian, A, Takeda, S, Karsenty, G, Dedhar, S, and St-Arnaud, R.:
Reduced Chondrocyte Proliferation and Chondrodysplasia in Mice Lacking the Integrin-linked Kinase in
Chondrocytes, J Cell Biol 162, 139, 2003 (9756)

Ham’s F-12

Kojima Koji, Bonassar Lawrenced, Roy AmitK, Mizuno Hirokazu, Cortiella Joaquin, Vacanti CharlesA: A
composite tissue-engineered trachea using sheep nasal chondrocyte and epithelial cells, FASEB J 17,
823-8, 2003 (10216)

DEMEM

Chowdhury, T., Schulz, R., Rai, S., Thuemmler, C., Wuestneck, N., Bader, A and Homandberg,
G: Biomechanical Modulation of Collagen Fragment-Induced Anabolic and Catabolic Activities in
Chondrocyte/Agarose Constructs., Arthritis Res Ther 12, R82, 2010 (10611)

PBS

Graff RD, Lazarowski ER, Banes AJ, Lee GM: ATP release by mechanically loaded porcine chondrons in
pellet culture, Arthritis Rheum 43, 1571-9, 2000 (10253)

DMEM

Ju, X, Deng, M., Ao, Y., Yu, C., Wang, J., Yu, J., Cui, G. and Hu, Y.: Protective Effect of Sinomenine on
Cartilage Degradation and Chondrocytes Apoptosis., Yakugaku Zasshi Vol. 130, 1053-60, 2010 (10604)

Gey'’s solution

Mehraban F, Tindal MH, Proffitt MM, Moskowitz RW.: Temporal pattern of cysteine endopeptidase
(cathepsin B) expression in cartilage and synovium from rabbit knees with experimental osteoarthritis:
gene expression in chondrocytes in response to interleukin-1 and matrix depletion, Ann Rheum Dis 56,
108, 1997 (10031)

Ham’s F-12 Plaas, A., Sandy, J., and Kimura, J.: Biosynthesis of Cartilage Proteoglycan & Link Protein Articular
Chondrocytes, J Biol Chem 263, 7560, 1988 (562)

Gey’s BSS Benya, P.D., Padilla, S.R., and Nimni, M.E.: The Progeny of Rabbit Articular Chondrocytes Synthesize
Collagen Types | and Il and Type | Trimer, but Not Type |l, Biochem 16, 865, 1977 (312)

Saline G, CMF Schindler, F.H., Ose, M.A., and Solursh, M.: The Synthesis of Cartilage Collagen by Rabbit and Human
Chondrocytes in Primary Cell Culture, In Vitro 12, 44, 1976 (495)

Gey’s BSS Green, J.R., and William, T.: Articular Cartilage Repair. Behavior of Rabbit Chondrocytes During Tissue

Culture and Subsequent Allografting, Clin Orthop Relat Res , 237, 1976 (710)

Eagle’s basal medium

Bentley, G., and Greer , R.: Homotransplantation of Isolated Epiphyseal and Articular Cartilage
Chondrocytes into Joint Surfaces of Rabbits, Nature 230, 385, 1971 (641)

Ham’s F-12 medium

Shimomura, Y., Yoneda, T., and Suzuki, F.: Osteogenesis by Chondrocytes from Growth Cartilage of Rat
Rib, Calcif Tissue Res 19, 179, 1975 (351)

Medium

Colon
Reference

Basal X media

Roig, A., Eskiocak, U., Hight, S., Kim, S., Delgado, O., Souza, R., Spechler, S., Wright, W. and Shay,
J.: Immortalized Epithelial Cells Derived from Human Colon Biopsies Express Stem Cell Markers and
Differentiate In Vitro., Gastroenterol 138, 1012, 2010 (710560)

HBSS

Zhou, J., Belov, L., Huang, P., Shin, J., Solomon, M., Chapuis, P., Bokey, L., Chan, C., Clarke, C., Clarke,
S. and Christopherson, R.: Surface Antigen Profiling of Colorectal Cancer Using Antibody Microarrays
With Fluorescence Multiplexing., J Immunol Methods 355,

Not listed

Huang, E., Hynes, M., Zhang, T.,Ginestier, C., Dontu, G., Appelman, H., Fields, J., Wicha, M. and Boman,
B.: Aldehyde Dehydrogenase 1 is a Marker for Normal and Malignant Human Colonic Stem Cells (SC)
and Tracks SC Overpopulation During Colon Tumorigenesis., Cancer Res 69, 3382-9, 2009 (10489)

RPMI 1640

Fukushima, K. and Fiocchi, C.:Paradoxical Decrease of Mitochondrial DNA Deletions in Epithelial Cells of
Active Ulcerative Colitis Patients., Am J Physiol Gastrointest Liver Physiol Vol. 286,
G804-13, 2004 (10355)
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Species Colon (con't) Cell(s) Enzyme(s)
Human Epithelial and mucosal Neutral Protease: 0.1%
lymphocytes CLSPA: 0.02%
Deoxyribonuclease 1:0.01%
Human Colonic epithelial Neutral Protease: 1.2u/ml
Collagenase Type 4:50 u/ml
Human Cancer stem cell Collagenase Type 3: 200 u/ml
Deoxyribonuclease I: 100 u/ml
Human Colonic endothelial cells Collagenase Type 2: 0.25%
Human Lamina propria lymphocytes | Collagenase: 25 u/ml
Mouse Mouse, 6-8 week Cancer stem cell Collagenase Type 3: 200 u/ml
Deoxyribonuclease I: 100 u/ml
Mouse Lamina propria Collagenase Type 2: 0.1%
Neutral Protease: 0.1%
Deoxyribonuclease I: 0.004%
Mouse Dendric Collagenase: 300 u/ml
Deoxyribonuclease I: 0.002%
Mouse Lamina propria mononuclear | Collagenase: 0.05%
cells Deoxyribonuclease I: 0.05%
Neutral Protease: 0.3%
Mouse Lympocytes Collagenase/Dispase: 100 u/ml
Mouse, 6-8 week Lamina propria lymphocytes | Collagenase Type 1: 0.2%
Deoxyribonuclease I: 0.01%
Mouse, 6-8 week Lamina propria mononuclear | Collagenase Type 2: 0.015%
cells Deoxyribonuclease I: 0.01%
Endothelial
Species Cell(s) Enzyme(s)
Bovine Bovine Bovine umbilical cord Collagenase: 0.1%
(BUVEC)
Bovine, (Bos taurus), calf Endothelial Collagenase: 1000 u/ml
Pulmonary
Calf Endothelial Trypsin: 0.25%
Bovine, adult Cerebral artery Collagenase: 0.2%
Endothelial
Bovine Endothelial Trypsin: 0.05%
Aortic
Bovine Endothelial, pulmonary artery | Collagenase: 0.1%
Bovine Endot