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METHOD OF ISOLATING CELLS
FROM UMBILICAL CORD
TECHNICAL FIELD

The present invention relates to a method for isolating four cell types
from the umbilical cord, and more particularly from the umbilical vein, in good
conditions without having to execute separate methods for each type of cell. The
method is of particular importance for obtaining a variety of different cells in good

condition from only one tissue.

BACKGROUND ART

Despite the diversity of the nature, morphology, characteristics and
function of isolated animal cells, it is presently generally admitted that these cells
are derived from a single cell population, termed "stem cells". Unlike more mature
or differentiated cells, stem cells are capable of self-regeneration but may also
divide into progenitor cells that are no longer pluripotent nor capable of self-
regeneration. These progenitor cells divide repeatedly to form more mature cells,
which eventually become terminally differentiated to form various mature cells.
Thus the large number of mature ’cells is derived from a small reservoir of stem

cells by a process of proliferation and differentiation.

In the particular domain of blood vessels, one promising solution to the
problems associated with synthetic-based replacement tissues, such as vascular
orafts, is to assemble blood vessels in vitro using only the patient's own cells and
then re-implant them into the patient. In theory, tissue-engineered blood vessels
should provide mechanically stable vessels built only from autologous tissue,
therefore generating no immune responses. Tissue engineering has been used
successfully in the past to build less complex structures such as skin, but has had

only relative success with other three-dimensional tissues and organs such as
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tissue-engineered blood vessels. Common problems associated with three-
dimensional engineered tissues include the complexity of reconstruction, the lack
of structural integrity and mechanical strength, and the need for biologically active
tissues. This is a particular problem for tissue-engineered blood vessels, since these
vessels will be subjected to significant mechanical loads both from blood pressure
(which may be abnormally high in patients with heart disease), as well as from the
relative motion between the anchoring sites of the vessel. Moreover, the tissue-
engineered blood vessels must demonstrate sufficient stability and tear resistance to
allow surgical handling and implantation, and require a biologically active

endothelial layer.

An important cause of these problems seems to be associated with the
sources of the cells used to prepare engineered blood vessels or other replacement
tissues. In fact, most methods available at the moment allow the isolation of a
maximum of two cell types from a single tissue, which should be preferentially
autologous. Also, these cells, alone or mixed with other cell types, are generally
mature and well differentiated, which constitutes a limiting factor when a certain
level of flexibility and adaptability is necessary in constructing an eﬁgineered

replacement tissue.

Stem cells mature into progenitor cells and then become lineage
committed, that is, incapable of maturing into all of the different lineages which the
stem cell 1s capablei of producing. Highly purified populations of stem cells
currently find use in the long-term repopulation of particular body systems. Purified
progenitor cells of individual lineages would find use only in transiently
repopulating or augmenting the various lineages. As progenitors are not believed to
be seli-regenerating, the repopulation or augmentation would be limited, for

example, to short-term tissue-specific reconstitution.
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The field of tissue engineering uses living cultured human or animal cells

from various sources to reconstruct functional tissues and organs for experimental

and therapeutic purposes.

Medical applications of umbilical haematopoietic cord stem cells are

becoming well known both in and out of the medical community.

As a result of the successful clinical experiences and the large number of
people who have benefited from the medical uses of cord haematopoietic stem cells
to date (or who will benefit from cord stem cell uses in the future), different cord

stem cell preparations are presently under investigation.

The use of the pluripotentiality of lineage-committed progenitor cells
circumvents many of the problems that would arise from the transfer of mature
cells. However, such progenitor cells may have to be separated through carrying
out parallel methods upon different sources of living tissues. Separation requires
identification of the cells and characterization of phenotypic differences that can be
utilized in a separation procedure. In addition, the methods known at this time for
preparing replacement tissues still have to be carried out with cells originating from
heterologous sources, therefore creating problems of compatibility in using such

replacement tissues.

However, the cells originating from the umbilical cord tissue remain
underused both as progenitor cells, and in complex cell compositions for the

preparation of replacement and engineered tissues.

Considering the state of the art described herein, there is still a need for
single sources of multiple cell types for the preparation of progenitor cells or
replacement cells or tissues. Moreover, there still exist no complex cell
compositions capable of being completely compatible when reintroduced into a

human or animal body.
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SUMMARY OF THE INVENTION

According to one aspect of the present mvention, there 1s provided a
method for the simultaneous 1solation of four cell types from one umbilical cord

sample comprising the steps of:

a) 1solating endothelial cells by perfusing the vein of an umbilical cord
biopsy with a solution comprising thermolysin for a period of time to allow

detachment of said endothelial cells from said vein;

b) treating said umbilical cord biopsy of step a) with a solution of

trypsin-EDTA for a time sutficient to allow detachment of epithelial cells;

¢) mechanically removing smooth muscle cells and fibroblast-like cells
from said umbilical cord biopsy followed by a culture period of sufficient time to

allow separation and isolation of smooth muscle and fibroblast-like cells from

laminae; and
d) harvesting the 1solated cells of steps a) to ¢).

The invention also provides for the use of the above-mentioned four cell

types for the preparation of a replacement or engineered tissue or graft.

The invention additionally relates to a biological composition comprising

these four cell types.

According to one aspect of the present invention, there 1s provided a
method for the simultaneous isolation of four cell types from one umbilical cord

sample comprising the steps of:

a) isolating endothelial cells by perfusing the vein of an umbilical cord
biopsy with a solution comprising thermolysin for a period of tune to allow

detachment of said endothelial cells from said vein;
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b) treating said umbilical cord biopsy of step a) with a solution of

trypsin-EDTA for a time sufficient to allow detachment of epithelial cells;

¢) mechanically removing smooth muscle cells and fibroblast-like cells
from said umbilical cord biopsy followed by a culture period of sufficient ttme to
allow separation and isolation of smooth muscle and fibroblast-like cells from

laminae; and
d) harvesting the isolated cells of steps a) to ¢).

According to another aspect of the present invention, there 1s provided a
method for the production of a replacement or engineered tissue or graft from one

umbilical cord sample comprising the steps of:

a) isolating endothelial cells by perfusing the vein of an umbilical cord
biopsy with a solution comprising thermolysin for a period of time to allow

detachment of said endothelial cells from said vein;

b) treating said umbilical cord biopsy of step a) with a solution of

trypsin-EDTA for a time sufficient to allow detachment of epithelial cells;

¢) mechanically removing smooth muscle cells and fibroblast-like cells

from said umbilical cord biopsy followed by a culture period of sufficient time to

allow separation and isolation of smooth muscle and fibroblast-like cells from

laminae;
d) harvesting the isolated cells of steps a) to ¢); and

e¢) culturing the isolated cells of step d) to produce the replacement or

engineered tissue or graft.
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According to still another aspect of the present invention, there 1s
provided a method for the simultaneous isolation of four cell types from one

umbilical cord sample comprising the steps of:

a) isolating endothelial cells by perfusing the vein of an umbilical cord
biopsy with a solution comprising at least one of thermolysin or collagenase for a

period of time to allow detachment of said endothelial cells from said vein;

b) allowing the digestion of the media of said umbilical cord vein of step
a) through a second perfusion with a solution comprising collagenase for

detachment and isolation of smooth muscle cells from said vein;

¢) extracting epithelial cells by treating the umbilical cord biopsy in a
solution comprising trypsin-EDTA for a time allowing detachment of said

epithelial cells;

d) culturing a sample of the Warton's jelly layer of said umbilical cord
section 1n a solution comprising collagenase for a period of time sufficient to allow

separation and isolation of fibroblast-like cells from said layer; and
e) harvesting i1solated cells of steps a) to d).

According to yet another aspect of the present invention, there is

provided the method of claim 6, wherein said cell types are progenitor cells.

According to a further aspect of the present invention, there 1s provided a
method for the simultaneous isolation of four cell types from one umbilical cord

sample comprising the steps of:

a) extracting epithelial cells by treating an umbilical cord biopsy in a
solution comprising trypsin-EDTA for a time allowing detachment of said

epithelial cells;
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b) mechanically removing endothelial cells from surface of an umbilical

cord vein;

¢) mechanically removing smooth muscle cells and fibroblast-like cells
from said umbilical cord biopsy followed by a culture period of sufticient time to

allow separation and isolation of smooth muscle and fibroblast-like cells from

laminae; and
d) harvesting the isolated cells of steps a) to c¢).

According to yet a further aspect of the present invention, there is
provided a method for the production of a replacement or engineered tissue or

graft from one umbilical cord sample comprising the steps of:

a) extracting epithelial cells by treating an umbilical cord biopsy in a

solution comprising trypsin-EDTA for a time allowing detachment of said

epithelial cells;

b) mechanically removing endothelial cells from surface of an umbilical

cord vein;

¢) mechanically removing smooth muscle cells and fibroblast-like cells

from said umbilical cord biopsy followed by a culture period of suftficient time to

allow separation and isolation of smooth muscle and fibroblast-like cells from

laminae;
d) harvesting the isolated cells of steps a) to ¢); and

e) culturing the isolated cells of step d) to produce the replacement or

engineered tissue or graft.

For the purpose of the present invention the following terms are detined

below.
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The terms "progenitor" or "progenitor cells" as used herein are intended
to indicate cell populations which are no longer stem cells but which have not yet
become terminally differentiated or which still have a certain level of tlexibility and

adaptability.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the typical aspects of the four cell types in monolayer
culture, in phase contrast photographs;

Fig. 2 illustrates sections of the umbilical cord before and after the

extraction of endothelial cells, and endothelial cells in culture immunolabelled for

van Willebrand factor ;

Fig. 3 illustrates sections of the umbilical cord before and after the

extraction of smooth muscle cells, and smooth muscle cells in culture

immunolabelled for a-smooth muscle actin ;

Fig. 4 illustrates sections of the umbilical cord before and after the

extraction of fibroblasts, and fibroblasts in culture immunolabelled for vimentin;

and

Fig. 5 illustrates sections of the umbilical cord before and after the
extraction of epithelial cells, and epithelial cells in culture immunolabelled for

desmoplakin.

DISCLOSURE OF THE INVENTION

The present invention will be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein:
rather, these embodiments are provided so that this disclosure will be thorough and

complete, and will fully convey the scope of the invention to those skilled in the
art.

PCT/CA2003/000979
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In accordance with the present invention, a method is provided for

1solating four cell types from only one umbilical cord section in successive steps
allowing each cell type to be kept in good physiological condition after each

1solation step.

)

The advantage of the present invention over the prior art will be
recognized as providing a method allowing the preparation of four umbilical cell
types in which after each step, all the desired types of cells are kept alive and in
condition to be harvested for further uses. No equivalent techniques in the art are
known to allow a skilled person to isolate four cell types from a single tissue biopsy

without significant cell mortality and tissue destruction.

The inventors have developed a method for the extraction of four distinct
cell types from a single umbilical cord biopsy or section. This permits the
conservation of multiple céll types from a unique source, or from only one person,
for present or future therapeutic applications, and this also permits research using

tissue models fabricated with cells of the same lineage.

In a preferred embodiment of the invention, autologous cells are
harvested from the patient's own body to eliminate the risks of disease transmission
and tissue rejection. All umbilical cord biopsies contain endothelial cells, epithelial
cells, smooth muscle cells, and fibroblasts. Therefore, almost any biopsy procedure

or tissue harvest will provide a suitable starting point for the four of them.

The umbilical cord is of particular interest as a source of cell lines
because of its foetal condition, and because its obtention is simple and non-
invasive. The present invention is directed to a method for the extraction of four
cell types: epithelial cells, fibroblasts, smooth muscle cells and endothelial cells, as

pure cultures from a single human umbilical cord.

The human umbilical cord is a foetal structure that carries blood from the

foetal circulation to the placenta for oxygenation via the two umbilical arteries, and

PCT/CA2003/000979
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returns the oxygenated blood to the developing child by way of the umbilical vein.
The blood vessels are lined with endothelial cells, which are in turn surrounded by
a substantial layer of smooth muscle cells (SMC), thicker around the arteries than
around the vem. There is a rather loosely defined adventitial layer of fibroblasts
encircling the SMC. The bundle of blood vessels is enclosed in turn by a thick
layer of extracellular matrix sparsely populalted by fibroblasts and known as
Wharton's jelly. A thin layer of epithelial cells covers the outer surface of ‘the

umbilical cord.

The umbilical cord epithelium is formed of a thin layer of epithelial cells
resting on a basement membrane, and is the only pért of the umbilical cord to be in
contact with the surrounding amniotic fluid, thus acting as a barrier between the
internal tissues and the outer liquid. It is often only a single cell layer thick, but
regions of up to five layers of thickness do occur. The epithelium of the cord is
contiguous both with the amniotic epithelium, from which it is derived in the early
stages of development, as well as with the early embryonic periderm and the later
foetal epithelium. The morphology of the umbilical cord epithelium has been
described as being closely related to the early foetal epidermis before its
keratinisation. This process does not occur normaliy in the umbilical cord
epithelium except in the region adjacent to the foetus, the rest of the epithelium
remaining as a simple squamous epithelium. The epithelial cells are tightly joined
to each other by numerous desmosomes, and to the underlying basement membrane
by hemidesmosomes. The dense cytoskeleton contains keratin fibres of many types,

the presence of which is typical of epithelia. Few studies have been done to further

characterize these cells.

The connective tissue of the umbilical cord, commonly called Wharton's
jelly, consists of fibroblasts dispersed within a loose mucous connective tissue,
composed mainly of a network of collagen fibres and a ground substance of

glycosaminoglycans, mostly hyaluronic acid, along with an independent fibrillar

PCT/CA2003/000979
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network of glycoprotein microfibrils. This tissue serves ‘to protect the umbilical
blood vessels from compression and torsion. The fibroblasts themselves are
somewhat unusual as they combine characteristics of both typical fibroblastic cells

(abundant Golgi apparati, collagen secretion granules, mitochondria and rough

endoplasmic reticulae) and of smooth muscle cells (deeply indented nuclei,

pmocytotic vesicles and fibronexus junctions). Their content of a-smooth muscle
actin gives them a certain contractility. Desmin and non-muscle myosin have also
been 1dentified as intracellular components. There is disagreement on the exact
nature and origin of these cells because of their diverse characteristics, and further

analysis will be necessary to shed light on their exact role.

Smooth muscle cells form the ring-shaped media that surround the
arteries and vein of the umbilical cord. Their main function is contraction, but these
cells are also capable of many other functions when required, including production
of extracellular matrix proteins and increased cell proliferation. Typical
components of the smooth muscle cell include smooth muscle actin, myosin,
calponin, caldesmon, vinculin, tropomyosin, vimentin and desmin. Many and
varied 1on channels and membrane receptors allow sensitive regulation of the
contractile behaviour of these cells. Smooth muscle cells derived from the
umbilical cord have been extensively used in the study of smooth muscle cells,

their metabolism and their characteristics, as well as in tissue reconstructions.

The umbilical cord vein and arteries are lined by endothelial cells, which
have many diverse functions in the body, including the maintenance of a non-
thrombogenic intimal surface, the regulation of coagulation and fibrinolysis,
immunological functions, the regulation of perfusion and permeability across the
vessel walls, and the release of and response to chemical agents. Endothelial cells
harvested from umbilical cord blood vessels and other sources have been used for
numerous experimental purposes for many years, especially for studies on

angiogenesis and its control by pharmacological manipulation, and have been well
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characterized. They are known by their typical cobblestone shape in monolayer
culture, and their ability to form tubules when plated in three-dimensional gels and

collagen sponges. Universal cellular markers for endothelial cells include the

adhesion molecule CD-31 and the von Willebrand factor.

These cell types can be isolated from the umbilical cord by a variety of
techniques, purified, and expanded in culture. The object of the present invention
is to provide a method to isolate pure cell lines of four different cell types from a
single umbilical cord. The cell lines can then be utilised in the reconstruction of
multilineage tissues, including but not limited to vascular structures. These
reconstructions are of interest and value not only for the study of the interactions
between cells and cell types but also in a long-term therapeutic view, wherein the
cells from a person’s umbilical cord could be conserved and ultimately serve in the

replacement of diseased or damaged tissues.

Once a suitable biopsy is taken, the four cell types are isolated and
expanded to obtain purified cultures. Endothelial cells, epithelial cells, fibroblasts
and smooth muscle cells can be isolated from the biopsy by techniques described
herein. The invention essentially consists of enzymatic digestion in specific media
and manual dissection of the umbilical cord tissue to separate the cell-containing
tissues. Fibroblasts and smooth muscle cells can be harvested from tissue explants
of the biopsy by cell outgrowth or by enzymatically digesting the explants and
plating the digested tissue. |

After the four umbilical cell types have been isolated, they must be
cultured and grown into engineered tissues with sufficient mechanical stability and
strength to be detached and organized into a three-dimensional living structure.
Mature engineered living structures of isolated cells can include, but are not limited
to, their own extracellular matrix proteins. Additional cells can be added to the four
cell types at any stage of tissue formation. These cells can include additional human

or animal cells or transfected or otherwise genetically modified cells.

PCT/CA2003/000979




10

15

20

25

CA 02529718 2005-12-16

WO 2005/001081 PCT/CA2003/000979

-10-
One particular embodiment of the present invention is to provide a

composition of four cell types isolated from the same autologous source and having

“a high progenitor potential.

An embodiment of the invention is directed to the use of neonatal
progenitor cells for living or biological tissue reconstitution. There are several
reasons for preferring the use of such neonatal cells to that of conventional mature
cells. First, no donor is required because the cells can be obtained from neonatal
umbilical cords that would otherwise be discarded. Second, in a preferred
autologous system, i.e., involving use of "self" neonatal cells, the complications
arising in conventional cell or tissue transplantation from the need for .
pretransplantation drug-induced or irradiation-induced immune incapacitation and
from acute and chronic graft-versus-host disease are eliminated because, m this
embgdiment, neonatal cells are returned to their original owner and are therefore
totally compatible. For these reasons, the present restrictions on the use of the
transplantation of stem cells from different sources or tissue-derived therefrom
arising from difficulties in finding even approximately matched donors, and from
disease and mortality due to unavoidable genetic incompatibility, do not apply to

self-reconstitution with neonatal cells. |

Furthermore, the prospects of success in obtaining adequate numbers of
stem cells for transplantation decline with the donor's age; although it 1s not clear
whether the age of the donor or the patient is more important, 1t 1s proper to infer
that younger (neonatal) cells arelpreferable for tissue reconstitution. Such neonatal
cells have not been subjected to the environmental stresses that adult cells have
undergone. Also, as an example of the novel medical applications which may be
feasible with neonatal cells but not with conventional replacement cells available mn
the art, restoration with self cells taken at birth could be valuable in the treatment of
disorders such as declining immune respbnsiveness and autoimmunity (immune

reactions against one's own tissues) which occur in increasing frequency with age.
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In addition, the present method allows the provision of vascular cells for

neovascularisation, and of fibroblastic cells for the reconstruction of mesenchymal

structures such as ligament or cartilages. As well, fibroblastic cells have

successfully been used in the allogeneic reconstruction of dermal tissue, and thus
such allogeneic applications could equally be envisaged for the fibroblasts and

other cell types of the umbilical cord.

There are additional reasons for preferring the use of neonatal cells for
tissue reconstitution and engineering as provided by the pres ent invention. The
neonatal umbilical cord is a preferred source of cells fo'r tissue reconstitution and
engineering, since it is much less prone to microbial and viral contamination,
known or unknown, latent or otherwise, that may be encountered in later life, other
than those transmitted from the mother or during labor and delivery. In addition, in
view of the extent to which the known stem cells may possibly share with other
cells the limitation in the total number of cell divisions that they may undergo
before senescence, it is proper to assume that the neonatal umbilical progenitor
“cells have a self-renewal and reconstitutional capacity that is at least as great, and

perhaps even greater, than that of cells obtained at any later time in life.

The present invention will be more readily understood by referring to the
following examples which are given to illustrate the invention rather than to limit

its scope.

EXAMPLE I

Isolation of four cell types from human umbilical cord

Materials and Methods

Isolation of endothelial cells

The umbilical cord was gently cleansed of blood and debris on the outer

surface with a moist sterile gauze, and inspected for clamp marks, cuts and other
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analomies which might have damaged the internal structure of the cord and thus
cause a mixing of the cell types extracted. An undamaged section of the umbilical
cord, preferably greater than 15 cm in length, was used for the extraction of the
endothelial cells. The umbilical vein on one end of the section was cannulated
usmg a small plastic adapter, a plastic tube attached to a stopcock capable of
receiving a syringe, and a circular clamp, and the vein was rinsed 3 times with 10

mL of cold sterile Hepes 1X. The remaining end was then cannulated in a like

manner, and the vein rinsed again and perfused with a warm (37°C) solution of
thermolysin, 250 pg/mL in Hepes with 1 mM CaCl,. An incubation of 30 minutes

at 37°C then took place, with the umbilical cord resting flat in a sterile, shallow
plastic container filled with enough warm sterile Hepes +  5 mM CaCl, to cover the
cord. This arrangement allowed the rotation of the cord by half a turn every 5
minutes, to permit even access of the enzymatic solution to all sides of the vein. At
the ‘end of the allotted time, the cord was removed from the container and very
gently massaged in order to dislocige all the endothelial cells possible. The vein
was then rinsed with 30 mL warm Hepes and the perfusion liquid collected in a
centrifugation tube partially filled with M199 complete medium. The cells were
then pelleted by centrifugation, resuspended and plated in gelatinated culture flasks

with the same medium.

Isolation of epithelial cells

The section of the umbilical cord used for the extraction of endothelial
cells was subsequently used for the extraction of the epithelial cells. The greatest
portion possible of the cord was placed in a sterile container with slots cut in
opposing sides to hold the ends of the cord out of the enzymatic solution. The

container was then filled as full as possible with approximately 40 mL of trypsin

0.25% EDTA, sealed and placed at 37°C with gentle agitation for 5 min. The

enzymatic solution was then discarded and replaced with a fresh aliquot.

Successive incubation times of 15, 15, and 30 min. were then undertaken. After
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each mcubation period serum was added as a trypsin inhibitor to the collected
solution of trypsin, and the mixture was centrifuged. The pelleted cells from each
fraction were resuspended in complete DME-Ham’s 10% CS and pooled in order to
perform a count of the cells obtained. The cells were seeded in culture flasks with
a feeder layer of murine Swiss 3T3 irradiated fibroblasts (S3T3) (20 000 cells/cm?)
at a density of 80 000 cells/cm® in DME-Ham’s complete medium.

Isolation of fibroblasts from Wharton's Jelly

The section of umbilical cord from which the epithelial cells were
extracted was used for the extraction of fibroblasts. Thin slices of Wharton's jelly
were taken from the surface of the umbilical cord with a scalpel, taking care not to
cuft mto the vascular structures. These slices were immediately placed in cold
culture medium (DME with 10% FCS). When all the explants had been takén, they
were cut imnto small sdua:res (2 mm) and rinsed several times with the same medium.
They were then carefully placéd in gelatin-coated culture flasks with a minimum of
complete medium (1.4 mL per 25 cm” flask). No changes of culture medium were
done before a minimum of 4 to 5 days. Once a sufficient number of cells had
migrated outwards from the explants, they were dissociated using trypsin-EDTA,

centrifuged and replated in culture flasks at a density of 10 000 cells per cm” .

Isolation of smooth muscle cells

The same section of umbilical cord was fhen cut into smaller sections
and used for the extl'aétion of smooth muscle cell explants. The umbilical vein was
opened with sterile scissors on the side opposing the location of the umbilical
arteries. After pinning down the opened section ;n a dissection board with the
inner vein surface uppermost, any remaining endothelial cells were removed with a
moist sterile gauze. Thin strips or bands of smooth muscle tissue were detached
using a sterile pair of curved jeweller's tweezers to lift them away from the surface

and a scalpel to sever the ends of these strips. The explants were placed

immediately in cold culture medium (DME-Ham's with 10% FCS). At the end of

PCT/CA2003/000979
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| 1 the procedure they were cut into small squares (2 mm) and rinsed several times

with the same medium. The explants were placed in gelatin-coated culture flasks
with a minimum of culture medium (1.4 mL per 25 ¢cm” flask). No changes of
culture medium were done before a minimum of 4 to 5 days. Once a sufficient
number of cells had migrated outwards from the explants, they were dissociated

using trypsin-EDTA, centrifuged and replated in culture flasks at a density of 10

000 cells per cm” .

Mamtenance of cell cultures

All cell cultures were maintained in their respective media, which were
changed 3 times per week. Cells were passaged upon attaining a level of 80%

confluence by dissociation using trypsin.

Culture Media

'1

Endothelial cells: M199 (Sigma # 5017) reconstituted with apyrogenic
water and 2.2 g/LL sodium bicarbonate, 20 % calf serum (Hyclone), 20 mg/mL
endothelial cell growth factor (Sigma E-2759), 2.28 mM glutamine (GLNS), 0.40
U/mL heparin, 100 U/mL penicillin G, 25 mg/mL gentamycin sulphate.

Smooth muscle cells: Dulbecco-Vogt modified Eagle's medium and
Ham's F12 (3:1 mixture), 10 % foetal calf serum (Biomedia), 100 Ul/mL penicillin
G, 25 mg/mL gentamycin sulphate.

Fibroblasts: Dulbecco-Vogt modified Eagle's medium, 10 % foetal calf
serum (Hyclone) 100 Ul/mL penicillin G, 25 mg/mL gentamicin sulphate.

Epithelial cells: Dulbecco~Vogt modified Eagle's medium and Ham's F12
(3:1 mixture), 10 % calf serum (Hyclone), 10 ng/mL epidermal growth factor, 5
mg/mL insulin, 1 X 10-10 M cholera toxin, 5 mg/mL transferrin, 2 X 10-9 M 3,3',5
trilodo-L-thyronine, 0.4 mg/mL hydrocortisone, 100 Ul/mL penicillin G, 25

mg/mlL gentamycin sulphate.
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In other embodiments of the present invention, other extraction methods

and culture media well known to those proficient in the art of cell extraction and

culture may be used in place of those detailed above.

- EXAMPLE I1

Characterisation of Cell Cultures

Cells in Culture

All four cell types could be established and maintained in culture using
the aforementioned combination of extraction techniques. Each cell type has' its
characteristic phenotype and proliferation profile, as well as its particular
requirements msofar as culture conditions. In Figure 1, the typical aspects of the
different cell types in monolayer culture are illustrated; in a) endothelial cells, in b)
smooth muscle cells, in ¢) fibroblasts, and in d) a proliferative colony of epithelial
cells surrounded by feeder S3T3 cells. All photographs were taken at 10X

magnification under phase contrast.

Problems encountered with the extractions were not directlir related to
the extraction technique itself, but resulted from a variation of the properties of
tissues and cells between different individuals. These problems included blockages
in the vein which did not permit perfusion, weak spots in the vein wall which burst
under pressure from the perfusioh liquid, and a lack of epithelial cells due to prior
handling of the umbilical cord. Other particular reasons for the failure to establish
cell cultures are related to the specific cell line itself, for example unproliferative

cells, and explants from which no cells or very few cells migrated.

Purity of Cell Cultures

The purity of the cell cultures obtained was verified by histological
examination of sections of the umbilical cord before and after the extractions, by

observation of the cells in culture, and by the presence of specific markers. The
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histological examination showed that no tissue was removed in the particular
extractions other than that containing the cells of interest. Figure 2a shows a section
of umbilical cord vein with the layer of endothelial cells overlying the media
(smooth muscle cells), at 40X magnification. After the extraction of the endothelial
cells, an mtact media remains (Figure 2b, 20X magnification). Figure 3a shows a
section of umbilical cord vein with the layers of smooth muscle cells overlying the
connectivé tissue called Wharton's jelly, 40X magnification. After extraction of the
smooth muscle cells, a thin layer of media remains with no ingression into the
fibroblast-populated tissue below (Figure 3b, 20X magnification). In Figure 4a, a
section of umbilical cord shows the connective tissue called Wharton's jelly
surrounding part of the umbilical cord vein, 10X magnification. After extraction of
the fibroblasts, Figure 4b shows no ingression into the media surrounding the vein
(4X magnification). In Figure 5a, a section of umbilical cord shows the epithelium
overlying the connective tissue called Wharton's jelly, at 40X magnification. After
extraction of the epithelial cells, Figure 5b shows no break in the basement
membrane underlying the epithelial cells and no ingression into the connective

tissue of Wharton's jelly (40X magnification).

Under observation, the cells in culture displayed homogenous
populations of proliferative célls with characteristic phenotypes. No cultures of
mixed cell types were noted in any of the extractions studied (see Figure 1). The
identity of the cell populations was verified by immunofluorescent marking of cell
type-specitic protein markers in cells grown on slides and fixed in acetone. Figure
2c shows the presence of von Willebrand factor in the endothelial cells, Figure 3¢
illustrates the marking of smooth muscle o-actin in smooth muscle cells, Figure 4c¢
demonstrates the presence of vimentin, a structural protein common to fibroblastic
cells, in the fibroblasts of Wharton's jelly (all at 40X magnification), and Figure 5c
shows the marking of desmoplakin, a protein of adhesion particular to epithelial

cells, in cultured epithelial cells (60X magnification).
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Characterisation of Cell Types

The endothelial cells and smooth muscle cells of the human umbilical

- cord have been extensively studied to date by various research groups, and details

of their known characteristics can be found in many publications. Epithelial cells
and the fibroblasts from Wharton's jelly, however, have received much less
attention and we present here a summary of the immunofluorescent markings

carried out on these two cell types both in vivo and in vitro.

Table 1

Characterisation of Epithelial Cells from the Human Umbilical Cord

| | Umbilical Cordin | Cultured Cells i

VIivo VILFro

e - P —— - e ——— e g P —— e PP, o S anEr Ty

‘Marker

Keratin 8
Keratin 10
Keratin 14
Keratin 16
Keratin 18
. Keratin 19

Keratm 20
Desmosomes

Andd aa s -

+1 +]+_. +| 4+ +

e—— — P e ——— PP PP e 20, R, ————— sy —— S e —

Table 2

Characterisation of Fibroblasts from the Human Umbilical Cord

Marker Umbilical Cord in Cultured Cells in
, VIVO VIlro
. Q-Aetm 4 00+ 4 0+
Chondroitin sulphate + +
Collagen typeI |  + | -~
- Clalla-éen'tyﬁe m | o+ - ]
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| Fibronectin
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Heparan Squhéte

Keratin 18

—

Keratin 19

Vimentin
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While the invention has been described in connection with specific

embodiments thereof, it will be understood that it is capable of further

modifications and this application is intended to cover any variations, uses, or

adaptations of the invention following, in genéral, the principles of the invention

and including such departures from the present disclosure as come within known or

customary practice within the art to which the invention pertains and as may be

applied to the essential features hereinbefore set fbrth, and as follows in the scope

- of the appended claims.
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CLAIMS:

1.

A method for the simultaneous 1solation of four cell types from one

umbilical cord sample comprising the steps of:

3.

a) 1solating endothelial cells by pertusing the vein of an umbilical cord
biopsy with a solution comprising thermolysin for a period of time to
allow detachment of said endothelial cells from said vein;

b) treating said umbilical cord biopsy of step a) with a solution of
trypsin-EDTA for a time sufficient to allow detachment of epithelial
cells:

¢) mechanically removing smooth muscle cells and fibroblast-like cells
from said umbilical cord biopsy followed by a culture period of sufficient
time to allow separation and isolation of smooth muscle and fibroblast-
like cells from laminae; and

d) harvesting the isolated cells of steps a) to ¢).
The method of claim 1, wherein said cell types are progenitor cells.

A method for the production of a replacement or engineered tissue or

graft from one umbilical cord sample comprising the steps of:

a) isolating endothelial cells by perfusing the vein of an umbilical cord
biopsy with a solution comprising thermolysin for a period of time to
allow detachment of said endothelial cells from said vein;

b) treating said umbilical cord biopsy of step a) with a solution of
trypsin-EDTA for a time sufficient to allow detachment of epithehal
cells:

¢) mechanically removing smooth muscle cells and fibroblast-like cells
from said umbilical cord biopsy followed by a culture period of sufticient

time to allow separation and 1solation of smooth muscle and fibroblast-

like cells from laminae;
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d) harvesting the i1solated cells of steps a) to ¢); and
¢) culturing the isolated cells of step d) to produce the replacement or

engineered tissue or graft.

4. The method of claim 3, wherein said replacement 1s an autologous

replacement.

. The method of claim 3, wherein said replacement is an allogenic

replacement.

6. A method for the simultaneous i1solation of four cell types from one
umbilical cord sample comprising the steps of:
a) 1solating endothelial cells by perfusing the vein of an umbilical cord
biopsy with a solution comprising at least one of thermolysin or
collagenase for a period of time to allow detachment of said endothelial
cells from said vein;
b) allowing the digestion of the media of said umbilical cord vein of step
a) through a second pertusion with a solution comprising collagenase for
detachment and 1solation of smooth muscle cells from said vein;
¢) extracting epithehal cells by treating the umbilical cord biopsy in a
solution comprising trypsin-EDTA for a time allowing detachment of

said epithelial cells;

d) culturing a sample of the Warton's jelly layer of said umbilical cord
section In a solution comprising collagenase for a period of time
sufficient to allow separation and isolation of fibroblast-like cells from
said layer; and

¢) harvesting 1solated cells of steps a) to d).

7. The method of claim 6, wherein said cell types are progenitor cells.
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8. A method for the production of a replacement or engineered tissue or
graft from one umbilical cord sample comprising the steps of:
a) isolating endothelial cells by perfusing the vein of an umbilical cord
biopsy with a solution comprising at least one of thermolysin or
collagenase for a pertod of time to allow detachment of said endothelial

cells from said vein;

b) allowing the digestion of the media of said umbilical cord vein of step
a) through a second perfusion with a solution comprising collagenase for
detachment and isolation of smooth muscle cells from said vein;

c) extracting epithehial cells by treating the umbilical cord biopsy 1n a
solution comprising trypsin-EDTA for a time allowing detachment of
said epithelial cells;

d) culturing a sample of the Warton's jelly layer of said umbilical cord
section in a solution comprising collagenase for a period of time
sufficient to allow separation and isolation of fibroblast-like cells from
said layer;

¢) harvesting isolated cells of steps a) to d); and

f) culturing the isolated cells of step ¢€) to produce the replacement or

engineered tissue or graft.
9. The method of claim &, wherein said replacement is an autologous
replacement.

10. The method of claim &, wherein said replacement 1s an allogenic

replacement.

11. A method for the simultaneous isolation of four cell types from one

umbilical cord sample comprising the steps of:
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a) extracting epithehal cells by treating an umbilical cord biopsy in a
solution comprising trypsin-EDTA for a time allowing detachment of
said epithelial cells;

b) mechanically removing endothelial cells from surface of an umbilical
cord vein;

¢) mechanically removing smooth muscle cells and fibroblast-hke cells
from said umbilical cord biopsy followed by a culture period of sufficient
time to allow separation and isolation of smooth muscle and fibroblast-
like cells from laminae; and

d) harvesting the isolated cells of steps a) to ¢).

12. The method of claim 11, wherein said removing of step b) is performed

by scraping said umbilical cord vein.

13. The method of claim 11 or 12, wherein said cell types are progenitor
cells.
14. A method for the production of a replacement or engineered tissue or

graft from one umbilical cord sample comprising the steps of:
a) extracting epithelial cells by treating an umbilical cord biopsy in a
solution comprising trypsin-EDTA for a time allowing detachment of

said epithehal cells;

b) mechanically removing endothelhial cells from surface of an umbilical

cord vein;

¢) mechanically removing smooth muscle cells and fibroblast-like cells
from said umbilical cord biopsy tollowed by a culture period of sutficient

time to allow separation and 1solation of smooth muscle and fibroblast-

like cells from laminae;



CA 02529718 2011-04-21

-3 -

d) harvesting the 1solated cells of steps a) to ¢); and
¢) culturing the isolated cells of step d) to produce the replacement or

engineered tissue or graft.

15. The method of claim 14, wherein said replacement 1s an autologous
replacement.
16. The method of claim 14, wherein said replacement 1s an allogenic

replacement.
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