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(57) Disclosed heremn 1s a method for implanting cells
onto a prosthesis, including the steps of: (a) providing a
prosthesis including a porous tube, where at least 25 %
of the pores on the mner surface of the tube have
diameters of more than about 40 um, at least 25 % of the
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(57) Abstract

Disclosed herein is a method for implanting cells onto a prosthesis, including the steps of: (a) providing a prosthesis including a
porous tube, where at least 25 % of the pores on the inner surface of the tube have diameters of more than about 40 pm, at least 25 % of
the pores on the outer surface of the tube have diameters of less than about 30 #m, and the tube includes a substantially continuous layer
of a biocompatible material; (b) contacting the prosthesis with a suspension of cells; and (c) providing a pressure differential between the
inner surface and the outer surface, whereby the cells are retained in the pores of the inner surface. Also disclosed herein are methods for |

culturing cells for implantation.
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METHODS FOR IMPLANTING CELLS

Backeround of the Invention

The invention relates to methods for implanting cells onto prosthetic

~ materials, as well as methods for generating such implantable cells.

Despite preventlon efforts, atherosclerotlc disease remains a major

“cause of morbidity and mortahty Treatments for atherosclerotlc disease range |

from medical management to interventional therapies, such as angloplasty,
atherectomy, and bypass grafting. Bypass grafting with synthetic grafts has
received much attention and has been used to treat many patients.
Unfortunately; small caliber vascular grafts (i.e., grafts with inner diameters of
less than 6 mm) generally have high failure rates, due largely to the
thrombogenicity of the grafts. Thrombus deposits can form on the inner walls
of the grafts, resulting in occlusions. In addition, intimal hyperplasia can occur,
further contnbutmg to the failure of small caliber gra ﬂ:s

Several strategies for 1 improving the success rates of these grafts have
been developed. One such strategy is to increase the rate at which the graft
becomes endothelialized, as endothelial cells have natural anti-thrombogenic
properties that contribute to long-term graft patency. Moreover, it is believed
that the presence of endothelial cells inhibits the development of neointimal
hyperplasia at anastomotic regions. Endothelialization, which involves the
migration of endothelial cells from adjacent tissue onto the luminal surface, can
occur spontaneously when a graft is placed in a recipient. Unfortunately,
endothelialization occurs to only a limited degree when prosthetic grafts are
placed in human recipients, and the limited endothelialization that does occur

takes place slowly.
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To promote the rapid formation of an endothelial lining, endothelial
cells can be seeded or sodded onto a graft before the graft is placed in the
recipient. When the graft is placed in the recipient and exposed to physiologic

blood flow, however, these cells are often washed away.

Summary of the Invention

In general, the invention features a method for implanting cells onto

~ a prosthesis; the method includes the steps of: (a) providing a prosthems

including a porous tube, where at least 25% of the pores on the inner surface of
the tube have diameters of more than about 40 um, at least 25% of the pores on
the outer surface of the tube have diameters of less than about 30 ym, and the
tube includes a substantially continuous layer of a biocompatible materiai ; (b) .
contacting the prosthesis with a suspension of cells; and (c) providing a

pressure differential between the inner surface and the outer surface, whereby

‘the cells are retained in the pores of the inner surface. An example of a

prosthesis that can be used is a vascular graft. The invention also features a

“sodded prosthesis formed by this method.

Preferably, at least 50% of the pores on the inner surface of the tube
have diameters of more than about 40 m, and at least 50% of the pores on the
outer surface of the tube have diameters of less than about 30 wm. More
preferably, at least 70%, or at least 90%, of the pores on the inner surface of the
tube have diameters of more than about 40 wm, and at least 70%, or at least
90%, of the pores on the outer surface of the tube have diameters of less than
about 30 um.

In other preferred methods, at least 25% of the pores on the mner
surface have diameters of more than about 50 um, and more preferably have

diameters of about 60 um; in addition, at least 25% of the pores on the outer
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surface have diametérs of less than about 20 um, and more preferably have
diameters of less than ébout 15 yum. More 'preferably, at least 50%, 70%, or
90% of thé pores on the imner surface have diameters of more than about 50

um, and more preferably have diameters of about 60 xm; 1n addition, at least

50%, 70%, or 90% of the pores on the outer surface have diameters of less than '

" about 20 um, and more preferably have diameters of less than about 15 um.

Preferably, the pores on the inner surface and the pores on the outer

~ surface are connected by graduaily tapered openings.

In a related aspect, the invention features a method for implanting -
cells onto a prosfhesis; the method includes the steps of: (a) providing a
prosthesis including a porous tube, where the diameters of at least 25% of the
pores on the inner surface of fhe- tube are larger than the diameter of a human
cell, such that human cells. fit within the pores, the diameters of at least 25% of
the pores on the outer surface of the tube are smaller than the diameter of a
human cell, such that cells do not pass through the pores, and the tube includes
a substantially c’bntinuous layer of a biocompatible material; (b) contacting the
prosthesis with a suspension of cells; and (c) providing a pressure differential
between the inner surface and the outer surface, whereby th.e cells are retained

in the pores of the inner surface.

Preferably, the pores on the inner surface and the pores on the outér
surface are connected by gradually tapered openings. In addition, the diameters
of at least 50%, 70%, or 90% of the pores on the inner surface of the tube are
preferably larger than the diameter of a human cell, and the diameters of at
least 50%, 70%, or 90% of the pores on the outer surface of the tube are
preferably smaller than the diameter of a human cell. The invention also
features a sodded prosthesis fofmed by this method.

In another related aspect, the invention features a sodded vascular
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graft including a porous tube, where at least 25% of the pores on the mner

surface of the tube have diameters of rnore than about 40 um, at least 25% of

the pores on the outer surface of the tube have diameters of less than about 30

um, and the tube includes a substantlally continuous layer of a blocompatlble
material; the graft has cells embedded in the pores c;f the inner surface.
Preferably, the pores on the inner surface and the pores on the outer surface are

connected by gradually tapered openings. In preferred grafts, at least 50%,

- 70%, or 90% of the pores on the inner surface of the tube have diameters of

“more than about 40 ym, and at least 50%, 70%, or 90% of the pores on the

outer surface of the tube have diameters of less than about 30 ,um.

In yet another related aspect, the invention features a sodded vascular
graft including a porous tube, where the diameters of at least 25% of the pores
on the inner surface of the tube are larger than the diameter of a human cell, the
diameters of at least 25% of the pores on the outer surface of the tube are

smaller than the diameter of a human cell, such that cells do not pass through

the pores, and the tube includes a substantially continuous layer of a

biocompatible material; the graft has cells embedded in the pores of the inner-
surface. Preferably, the pores on the inner surface and the pores on the outer
surface are connected by gradually tapered openings. In preferred grafts, the

diameters of at least 50%, 70%, or 90% of the pores on the inner surface of the

‘tube are larger than the diameter of a human cell, and the diameters of at least

50%, 70%, or 90% of the pores on the outer surface of the tube are smaller than

the dlameter of a human cell.

In a final aspect, the invention features a method for obtaining an

endothelial cell culture from a blood sample, the method involving: (a)

‘obtaining a sample of mononuclear cells from a blood sample; and (b) culturing

the sample of mononuclear cells, without further cell separation, on a cell
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adhesive polymer-coatéd solid support in the presence of endothelial growth
factors. - ' ‘

" In preferred embodiments, the blood sample is from a mammal (for
example, a human) and the product of step (b) is an autologous endothelial cell
sample; the blood sample 1s a peripheral blood sample; the mononuclear cells

are obtained from the blood sample by centrifugation; the cell adhesive

‘polymer is fibronectin; the solid support is a tissue culture plate; the endothelial

' growth factors include VEGF, bFGF, IGF, or any combination thereof; and the

endothelial cell culture includes at least 90% endothelial cells or progenitors

thereof.

As used herein, by “substantially continuous” is meant that a
materlal such as the material forming the walls of a prosthesis, consists

essentlally of a single layer having approxunately constant, or gradually

changing, physical characteristics.

By “gradually tapered” is meant that a dimension, such as pore size,

- changes in even, continuous gradations, rather than in discrete, sudden steps.

By “embedded” is meant that at least a portion of an object, such as a
cell, infiltrates and 1s substannally enclosed by a surrounding structure or
medium.

By “retained” 1 is meant held in place. Fora vascular graft, at least
20%, more preferably at least 50%, and most preferably at least 90%, of the
cells remain in place in the graft under physiological blood flow conditions
after a period of 14 days.

- By an “endothelial cell culture™ is meant a population of cells having
at least 50%, preferably, at least 75%, more preferably, at least 80%, and, most

preferably, at least 90% endothelial cells or progenitors thereof.
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By a “blood sample” 1s meant any biological sample composed .
primarily of hematopoietic cells including, without limitation, a peripheral
blood samplé, bone marrow blood sample.,' or umbilical cord blood sample. .

‘By a “sample of mononuclear cells” is meant a population of cells
5  having at least 40%, preferably, at least 60%, more preferably, at least 75%,
and, most preferably, at least 90% mononuclear cells.

By "‘cell separation” is meant any technique which physically .
subdivides a cell population 1nclud1ng, without limitation, column
chromatography, immunomagnetic separatl on, Immunoprecipitation, and cell

10  sorting techniques (for example, fluorescence-activated cell sorting).

By a “cell adhesive polymer” is meant any polymer which provides a
substrate for endothelial cell attachment including, without limitation,
fibronectin, vitronectin, laminin, keratin, gelatin, and collagen, with fibronectin
being preferred.

15 - By an “endothelial growth factor” is meant any protein which
stlmulates growth or differentiation of endothelial cells or their progenltors-
including, without limitation, vascular endothelial cell growth factor (VEGF),
basic fibroblast growth factor (bFGF), and insulin-like growth factor (1GF).

By a “solid support” 1s meant any solid surface which can support

20  cell growth or differentiation including, without limitation, a tissue culture plate
or well, bead, slide, column, bottle, or other vessel. '

The cell implantation methods of the invention offer several '

~ advantages. For example, because the pores on the inner surfaces of the
prostheses are relatively large, cells are retained on the inner surface, rather

25  than being washed away by blood flow. The smaller pores on the outer surface
of the prostheses prevent the cells from passing through the walis of the

prosthesis. The smaller pores also help to maintain the structural integrity of
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~ the prosthesis and to reduce the propensity for bleeding that can occur, for

example, in vascular grafts with uniformly large pores. These cell implantation
methods therefore enhance cell retention without compromising the safety of

the prostheses.

Furthermore, using the implantation methods of the invention, cells
can be retained without the addition of adhesive substances such as the matrix

proteins laminin and fibronectin, which are sometimes applied to the surface of

- prosthetic materials to enhance cell retention. As the presence of these proteins

- can lead to increased thrombogenicity, the ability to retain cells without them

may increase the chances for a successful graft. -

With i‘espec.t to the methods for culturing endothelial cells to be
implanted, the present invention again provides significant advantagés. In
particular, because the method described herein utilizes a standard blood
sample as a source of endothelial cells, it avoids the need to obtain such cells
by surgical removal of autolo gous veins or adipose tissue, thereby reducing
patient trauma. Moreover, the present culture method provides a means for
expanding an endothelial cell culture which does not require a physical cell
separation step to remove unrelated, hematopoietic cells from the mononuclear
blood fraction. The ability to dispense with this step makes the technique

extremely rapid and quite cost-effective.

Brief Description of the Drawings

FIGURE 1 is a cross-sectional view of an implantable tubular
prosthesis.
FIGURE 2 is a cross sectional view of an 'impiantable tubular

prosthesis with cells embedded in the pbres of the prosthesis.
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Detailed Description
The invention features methods for implanting cells onto prosthetic

‘materials, such as vascular grafts. In these methods, a prosthesis is combined

with a suspension of cells, and a presSure differential is applied across the

 material to achieve implantation of the cells. The ‘implanted cells are then able

to withstand the shear forces that can disrupt layers of cells on the surfaces of
prostheses exposed to blood flow. . '

One embOdiment of the inVention, a tubular prosthesis 2, is shown in

Fig. 1. The cross sections of the pores in the figure appear to be rectangular or
tfapeindal; the pores can also have a more rounded shape. As shown in Fig. 1, a
the pores 4 on the imier (i.é. , luminal) Surfac':e 6 of the tube are larger than the
pores 8 on the outer (1.e., abluminal) surface 10 of the tube. This structure
allows cells to enter the interstitial space of the mate:rial to a limited depth,
without allowing the cells to pass completely through the walls of the
prbsthesis. '

The pores 4 on the innei' surface 6 of the prosthesis 2 are preferably
large enough to allow mamnialian cells to enter; i.e., the diameters of these
pores are preferably larger than 40 um. More preferably, they are larger than
50 um, or 60 um. The pores 8 on the outer surface 10 are preferably small
enough to prevent cell_s from passing through these pores; i.e., the diameters of
these pores are preferably smaller than 30 um. More preferably, they are
smaller than 20 um, or 15 um. The pore size changes gradually (rather than
suddenly) upon moving from the inner surface of the tube to the outer surface,
as shown in Fig. 1. The pores are connected by gradually tapered openings 12.

The prosthesis 2 can be made out of any biocompatible, porous
material. Preferred matenials include polytetraﬂu(jr'oethyl ene (PTFE) and

Dacron®. In one particular example, PTFE grafts with a 3 mm internal

S — —— —r
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diameter are prepared using the techniques descnbed n Martakos et al., US.
Pat No. 5,433,909. The grafts are prepared such that the pores on the inner
surface are 1arger than the pores on the outer surface.

To obtain cells for sodding, any standard harvesting technique may
be used. Examples of techmques for obtaining human cells are described in
Jarrell et al., J. Vasc. Surg. 13:733-734 (1991) and Jarrell et al., Surgery
100:392-399 (1986). The cells cah be of any type suitable for transplantation
purposes. For example, cells derived from autologous fat tissue, such as
endothelial cells (primarily microvascular endothelial cells), fibroblasts,
smooth muscle cells, and mesothelial cells, can be used. Celis obtained from
other autologous tissue sources, subh as blood Véssels, skin, and omentum, can
also be used. In addition, bone marrow cells, myoblasts, myocardial satellite
cells, glial cells, pancreatic fcells, blood cells, isolated progenitor or stem cells,
or other endocrine cells derived from autologous, allogenic, or xenogenic
sources, can be used in the methods of the invention. '

If desired, the cells can be genetica]]y engineered, pﬁor to soddihg,—
to enhance the functional characteristics of the prosthesis. Genetic
modification may be achieved by using any recombinant viral vector or non-
viral method of gene delivery. In one particular example, the cells can be
transfected with a mammalian expression vector encoding the potent

endothelial cell mitogen VEGF. Alternatively, standard homologous

- recombination and/or subsidiary techniques can be used with transient

transfection in helper cell lines to generate recombinant, replication-deficient
viral gene transfer vectors such as those for adenovirus, adeno-associated VIrus,
retrovirus (e.g., 'VSVG—pseudotyped MMLYV), herpesvirus, alphavirus, or -
lentivirus.

Other useful _genés which may be expressed by implanted cells
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include, without 1imitatioh genes for tissue plasminogen activator, hirudin,
nitric oxide synthase, FGF insulin, Factor V1, and Factor 1X. In general the
- gene-modlﬁed endothehal cells on a graft may be used to deliver any
therapeutic drug (for example, any angiogenic, anti-angiogenic, or anti-
coagulant factor) to an individual. The genetic alteration does not significantly
influence the successful retention of cellS after surgicél implantation of the
prosthesis. '

To sod the cells onto the prosth631s 2 of Fig. 1 soddmg medium
containing the cells is injected into the lumen of the prosthesm A pressure

gradient is provided, in which the pressure on the interior of the prosthesis 1s

“higher than the pressure on the exterior, to filter the cell suspension through the

prosthesis surface. The cells are thus embedded in the pores or the prosthesis.
The sodding procedure can be repeated multiple times to further enhance the
degree of cell implantation. As shown in Fig. 2, cells 14 become embedded in
the relatively large pores 4 of the inner surface 6 of the prosthésis 2, and are
thus retained within the prosthesis.

Using the methods of the invention, sodded prostheses can be
cultured for short periods of ﬁmé, for example, 8 to 12 hours, at 37°Cma
humidified, 5% CO, atmosphere, then plaéed into recipients. Alternatively, the
prostheses can be placed into recipients immediately after the cells are sodded.
In both instances, a large number of cells are retained in the large pores on the
luminal surfaces of the prostheses. The methods of the invention allow for bofh
improved retention of cells. and efﬁcieni application of cells to the prosthesis,
and may therefore reduce or eliminate the need for culturing periods.

It is desirable to minimize the culturing time required, as delays
between seeding or sodding cells (parts cularly autologous cells) onto a

prosthesis and implanting the prosthesis may decrease the benefits of
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implantation, prolong the therapeutic process, and/or increase the potential
morbidity and cost of care. Previously known methods, for example, cell
seeding methods, reqhired longer periods of ex vivo cuituring between cell
seeding and implanting the prosthesis into the recipient.

‘There now follow particular examples of cell isolation, cell
transfection, and cell sodding techniques. These examples are provided for the -

purpose of illustrating the invention, and should not be construed as limiting,.

“ell Isolation, Cultu / and Characterization

' ~ Rabbit adipose tissue derived cells (RATCs) were isolated from New
Zealand White rabbit falciform ligament fat. 10-15 g subcutaneous fat was
obtained from anesthetized rabbits. The fat was minced with scissors,
incubated for 30 minutes at 37°C with 8 mg/ml type 1 collagenase (Gibco
BRL) and 8 mg/ml bovine serum albumin in Dulbeeco’s divalent cation free
phosphate buffered saling. The mixture was centrifuged at 700 rpm for 5
minutes at 4°C. The pellet was re-suspended in PBS, centrifuged again,
resuspended in M199 media with 20% fetal calf serum (FCS), and seeded onto

1% gelatin-coated plates. tweﬁty minutes later, the cells were rinsed with PBS

to remove red blood cells and unattached cells. The cells were cultured at
37°C in a humidified, 5% CO, atmosphere. Cell yields were determined after
trypsinization using a Coulter counter, and cell viability was determined with -
trypsin blue staining followed by examination on a hemocytometer. The '
culture medium was changed routinely, and the cells were passaged with 0.05% '
trypsin-EDTA (Gibco-BRL) and repleted on uncoa'ted plastic dishes at a split

ratio of 1:3. Cells from passages 2 to 9 were used.
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ne Transfer Vectors

A mamnialian: expression vector encoding human VEGF 45
(pcDNAhVEGF) was prepared from pLen-165 as described in Tischer etal.,J.
Biol.- Chem. 266(18): 11947-1 1954 (1991). and Tischer et al., Biochem. ‘
Biophys. Res. Commun. 165(3): 1198~1206 (1989). A Bam HI fragment,

" containing the sequences for human VEGF ¢, was ligated to the BamHI site of

the expression vector pcDNA3 (Invitrogen). The orientation was confirmed by

~ digestion of the resultant plasmid with AfIII.

RATC Tran §feg:j_i on

' Cells were plated at 3-4 x 10° cells/cm? in 6 well plates or 2 well
chamber slides. One day later, the media was removed, and the cells were
rinsed and incﬁbated with a DNA-liposome complex (1 ug DNA: 12 ul
lipofectamine, Gibco-Brl) in 1 ml Opti-MEM.

ell Sodding into Vs ular Prosthesi;
‘ A 5-cm segment of a PTFE graft was clamped at one end with
hemostatic forceps, connected at the ofher end to a T connector, and placed mn a
container, which collects the ﬂdw-through. The graft was pressurized using a .
10-ml syringe 'ﬁlled with sodding medium. Thirty to 60 minutes prior to cell
sodding, sodding media (serum-free medium 199) was injected into the lumen

through the interstices of the graft using a 10-ml syringe. The sodding media". .

‘was then removed and replaced with 3 ml media containing 200 ug heparin

plus rabbit adipose tissue cells (4-6 x 10°cells/cm?) harvested 1 day after

transfection with the pcDNAhVEGF,; vector. Five ml of media was pushed

- through the graft to filter the cell suspension through the graft surface. The

fluid which passed through the graft was examined and found to be devoid of
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cells.

Blood-Derived Enc the ial Cell Culture

In an altematlve approach, endothehal cells for 1mplantat10n may be
obtained from a blood sample (for example, from a human patient) and cultured

in the presence of endothelial growth factors. In animal model experiments,

“this approach was carried out as follows.

Heparinized whole blood samples were obtained from anesthetized

animals via cannulation of the right femoral artery or vein. Mononucleated
cells were separated by density gradient centrifugation using 1 077 g/mL Ficoll
solution (Amersham Pharmacia). Cells were plated on ﬁbronectin-éoated
plastic (Panvera, CA) in Endothelial Growth Media (EGM, Clonetics, San
Diego, CA) supplemented with satutating concentrations of endothelial cell
erowth factors (vascular endothehal cell growth factor, basic fibroblast growth
factor, and insulin-like growth factor; EGM 2-MV singlequots; Clonetics) 3
These culture conditions resulted in selective attachment and differentiation of
early endothehal progenitor cells. Cultures were ex panded 1n vitro o for a period
of 10-14 days Autolo gous endothelial cells prepare d in this manner may be
used, with or w1thout prior genetic modification (as descnbed above), for
seeding or sodding onto prosthetic vascular grafts (also as described above).

~ This approach of endothelial cell culture may also be used for the
propagation_‘ of autologous human endothelial cells, using a blood sample
isolated from a patient by any standard technique. Mononucleated cells may be
harvested by any method which results in isolation of the “buffy coat” fraction,
including, without limitation, standard density gradient centrifugation. In

addition, the endothelial cell culture medium described above may be replaced

by the medium described in Shi et al. (Blood 15;92: 362-7, 1998).
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* The endothelial cell culture technique described herein may be
combined with any method of cell seeding or sodding, for example, those
methods described herein, to provide vascular bioprostheses.

The ability to readily produce autologous ¢ ndothehal cells from
patient blood samples augments the implantation technique described above.

In particular, the presence of an endothelial cell monolayer on the luminal side

of a graft prior to implantation is assomated with improved performance of the

~ graft itself. The reduced thrombogenicity of the prosthetic surface due to the

1mpregnat10n with autologous endothelial cells results in better funetion

outcome. Small cahber prosthetlc vascular grafts (i.e., those having internal

~ diameters less than or equal to 4mm) are known to have very high failure rates

in humans (i.e., due to early thrombotic occlusion) and are therefore greatly

benefitted by the presence of an intact endothelial cell monolayer.

Use
The methods of the invention can be used to prepare prostheses,

espeeially vascular grafts, for implantation into recipients. The methods can be

used to prepare small caliber vascular grafts and to prepare vascular grafts that

‘can be placed in the heart, where currently available aﬁiﬁcial grafts cannot be

used. The methods can also be used to sod genetically altered cells onto
prostheses to allow delivery of recombinant or molecular therapies, or to '

enhance tissue compatibility.

These techniques may be used in humans or any other mammal.

Other Embodiments

From the foregoing description, it will be apparent that variations

and modifications may be made to the invention described herein to adopt 1t to
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various usages and \COnditi(‘)ns. Such embodiments are also within the scope of

the following claims.

All publications and patents mentioned in this specification are
herein incorporated by reference to the same extent as if each individual -
publication or patent was specifically and individually indicated to be

incorporated by reference.

What 1s claimed 1s:
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Claims
1. A method for implanﬁng cells onto a prosthesis comprising the
steps of: '
(a) providing aprosthesis comprising a porous tube, wherein at least
25% of the pores on the inner surface of said tube have diameters of more than

about 40 um, and at least 25% of the pores on the outer surface of said tube

have diameters of less than about 30 xm, wherein said tube comprises a

~ substantially continuous layer of a biocompatible matenal;

(b) contacting said prosthesis with a suspension of cells; and
(¢) providing a pressure differential between said inner surface and
said outer surface, whereby said cells are retained in said pores of said inner

surface.

2 The method of claim 1, wherein at least 50% of said pores on said
inner surface have diameters of more than about 40 1um, and at least 50% of

said pores on said outer surface have diameters of less than about 30 um.

3. The method of claim 1, wherein at least 70% of said pores on said
inner surface have diameters of more than about 40 um, and at least 70% of

said pores on said outer surface have diameters of less than about 30 um.

4. The method of clam 1, wherein at least 90% of said pores on said
inner surface have diameters of more than about 40 xm, and at least 90% of

said pores on said outer surface have diameters of less than about 30 um.

5 The method of claim 1, wherein at least 25% of said pores on said

inner surface have diametérs of more than about 50 «m, and at least 25% of
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said pores on said outer surface have diameters of less than about 20 um.

6. The method of claim 1, wherein at least 50% of said pores on said
inner surface have diameters of more than about 50 «m, and at least 50% of

said pores on said outer surface have diameters of less than about 20 ym.

5 7. The method of claim 1, wherein at least 25% of said pores on said
~ inner surface have diameters of more than about 60 .«m, and at least 25% of

said pores' on said outer surface have diameters of less than about 15 xm.

8. The method of claim 1, wherein at least 50% of said pores on said
inner surface have diameters of more than about 60 ,un@ and at least 50% of

10 said pores on said outer surface have diameters of less than about 15 Lm.
9. The method of claim 1, wherein said prosthesis is a vascular graft.

10. The method of claim 1, wherein said pores on said inner surface
‘and said pores on said outer surface are connected by gradually tapered

openings.
15 11. A sodded prosthesis formed by the method of claim 1.

12. A method for implanting cells onto a prosthesis comprising the
steps of: '
(a) providing a prosthesis comprising a porous tube, wherein the
diameters of at least 25% of the pores on the inner surface of said tube are

20 latger than the diameter of a human cell, such that human cells fit within said
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pores, and wherein the diameters of at least 25% of the pores on the outer
surface of said tube are smaller than the diameter of a human cell, such that
cells do not pass through said pores, and wherein said tube comprises a
substantially continuous iayer of a biocompatible material;

(b) contaCting said prosthesis with a suspension of cells; and

(c) providing a pressure differential between said inner surface and

said outer surface, whereby said cells are retained in said pores of said inner

~ surface.

13. The method of claim 12, wherein said pores on said inner

surface and said pores on said outer surface are connected by gradually tapered

openings.
14. A sodded prosthesis formed by the method of claim 12.

15. A sodded vascular graft comprising a porous tube, wherein at

least 25% of the pores on the inner surface of said tube have diameters of more

than about 40 wm, and at least 25% of the pores on the outer surface of said

tube have diameters of less than about 30 m, wherein said tube comprises a
substantially continuous layer of a biocompatible material, said graft having

cells embedded in said pores of said inner surface.

16. The graft of claim 15, wherein said pores on said inner surface
and said pores on said outer surface are connected by gradually tapered

openings.

17. A sodded vascular graft comprising a porous tube, wherein the
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" diameters of at least 25% of the pores on the inner surface of said tube are

larger than the diameter of a human cell, and wherein the diameters of at least

'25% of the pores on the outer surface of said tube are smaller than the diameter

of a human cell, such that cells do not pass through said pores, and wherein

said tube comprises a substantially continuous layer of a biocompatible

material, said graft having cells embedded in said pores of said inner surface.

18. The' ; graft of claim 17, wherein said pores on said inner surface
and said pores on said outer surface are connected by gradually tapered

openings.

19. A method for obtaining an endothelial cell culture from a blood
sample, said method comprising:
(a) obtaining a sample of mononuclear cells from a blood sample;

and

(b) culturing said sample of mononuclear cells, without further cell

separation, on a cell adhesive polymer-coated solid support in the presence of

endothelial growth factors.

20. The method of claim 19, wherein said blood sample is from a

mammal and the product of step (b) 1s an autolo gous endothelial cell sample.
21. The method of claim 20, wherein said mammal is a human.

22. The method of claim 19, wherein said blood sample 1s a

peripheral blood sample.

23. The method of claim 19, wherein said mononuclear cells are
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obtained from said blood sample by centrifugation.

24. The method of claim 19, wherein said cell adhesive polymer 1s

fibronectin.

25. The method of claim 19, wherein said solid support 1s a tissue

5 culture plate.

26. The method of claim 19, wherein said endothelial growth factors ‘
comprise VEGF, bFGF, IGF, or any combination thereof.

77 The method of claim 19, wherein said endothelial cell culture

comprises at least 90% endothelial cells or progenitors thereof.
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