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Endothelial progenitor cell-seeded grafts: 
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The patency of prosthetic vascular grafts is impaired by inti-
mal hyperplasia (IH) near the anastomotic regions. The

absence of a functional endothelial monolayer on the luminal
side of prosthetic grafts is an important stimulus for IH. Indeed,
the endothelium acts as a first line of defense against vascular
disturbances. To fulfill this role successfully, endothelial cells
(ECs) have been shown to produce a wide array of auto-, para-
and endocrine substances with vasodilatory, antithrombotic
and antiproliferative effects (1). Consequently, EC seeding at
the luminal surface of prosthetic vascular grafts is a valuable
strategy to improve graft patency. Current research on the
potency of bone marrow-derived endothelial progenitor cells
(EPCs) has shown these cells to be a promising source for graft
seeding. In the present review, we will address the clinical
problem of prosthetic graft failure and the rationale for graft
seeding. Subsequently, we provide an overview of previous
experimental studies on graft seeding with ECs, and new
insights in the applicability and the risks of EPCs for seeding of
prosthetic vascular grafts. 

PROSTHETIC VASCULAR GRAFT FAILURE
In patients requiring peripheral arterial bypass grafting or vas-
cular access for chronic hemodialysis, autologous veins are
currently the conduit of choice in view of their superior
patency rates. For peripheral arterial bypass grafting, the five-
year primary patency rate of venous bypasses is 69%, compared

with 49% for prosthetic bypass grafts (2). In addition, the
one-year primary patency rates of native arteriovenous (AV)
fistulas used as vascular access for hemodialysis is approxi-
mately 75%, which is superior to the 50% one-year primary
patency rate of prosthetic AV grafts (3). However, many
patients receive prosthetic grafts when a suitable vein is
unavailable, which is more often the case in the aging and
diabetic populations. Failure of prosthetic hemodialysis access
grafts is predominantly due to a progressive intimal hyperplas-
tic response near the venous anastomosis, which ultimately
leads to graft thrombosis. Currently, AV shunt-related mor-
bidity accounts for 20% of all hospitalizations in end-stage
renal disease patients, amounting to more than one billion
dollars per year being spent on AV shunt-related care in the
United States alone (4). 

RATIONALE FOR GRAFT SEEDING
To date, there is no effective intervention available to improve
graft patency. Successful development of new strategies
requires closer insight into the pathogenesis of IH. The latter is
thought to reflect a cumulation of several, separate, pathogenic
entities, comprising inflammatory, coagulatory and hemody-
namic factors (5). 

A crucial factor in the activation of coagulation and inflam-
mation is the lack of a functional endothelial monolayer on the
prosthetic graft, because the endothelium constitutes the
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The patency of prosthetic vascular grafts is impaired by intimal hyper-

plasia (IH) near the anastomotic regions. The absence of a functional

endothelial monolayer on the prosthetic grafts is an important stimu-

lus for IH. To improve the outcome of synthetic vascular bypass sur-

gery, cell seeding is a promising concept that has been extensively

investigated and is still evolving. In the present paper, the concept of

prosthetic graft cell seeding is discussed, with emphasis on its newest

era: seeding with endothelial progenitor cells. Although experimental

studies on prosthetic graft seeding using endothelial progenitor cells

have shown excellent results on graft endothelialization, none of these

studies reported favourable effects on the more clinically relevant end

points such as IH or graft patency.
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Prosthetic graft seeding

Les greffes endothéliales de cellules souches :
Téméraires et risquées

La perméabilité des greffes vasculaires prosthétiques est perturbée par

l’hyperplasie intimale (HI) près des zones anastomosées. L’absence de

monocouche endothéliale fonctionnelle sur les greffes prosthétiques est un

important stimulus d’HI. Pour améliorer l’issue des pontages vasculaires

synthétiques, l’implantation de cellules est un concept prometteur qui a

fait l’objet de recherches poussées et qui est toujours en évolution. Dans le

présent article, le concept d’implantation de greffes de cellules

prosthétiques est abordé, surtout axé sur son domaine le plus novateur :

l’implantation de cellules souches endothéliales. Bien que les études

expérimentales sur l’implantation de cellules prosthétiques au moyen de

cellules souches endothéliales aient obtenu d’excellents résultats sur

l’endothélialisation des greffes, aucune n’a d’effets favorables sur les

éléments décisifs plus pertinents d’un point de vue clinique, comme l’HI et

la perméabilité.
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first-line homeostatic defence mechanism by exerting antico-
agulatory and anti-inflammatory effects (Figure 1). With
regard to the latter, healthy ECs produce nitric oxide, heparan
sulphate and C-type natriuretic peptide, which exert potent
antiproliferative and antimigratory effects on vascular smooth
muscle cells (VSMCs). In addition, implantation of expanded
polytetrafluoroethylene material is associated with a ‘foreign
body’ response. This inflammatory response includes infiltra-
tion of leukocytes into the graft. These inflammatory cells
secrete cytokines such as tumour necrosis factor-alpha that
have clear proliferative effects. Therefore, graft seeding may
suppress this inflammatory response.

In humans, complete prosthetic graft endothelialization
does occur rarely and usually does not extend beyond 1 cm to
2 cm of the graft edges. Subsequently, the bare prosthetic graft
provides a continuous adhesive surface for activated platelets
that release thromboxane A2, serotonin and platelet-derived
growth factor, all known promoters of VSMC proliferation.
The concept of EC seeding of grafts is based on the assumption
that a functional endothelial layer attenuates activation of
leukocytes and platelets passing through the graft, and poten-
tially contributes to paracrine mediators conveying anti-
inflammatory and antiproliferative effects downstream at the
outflow tract.

PREVIOUS STUDIES ON IN VITRO GRAFT

SEEDING WITH MATURE ECs
Various studies have evaluated the efficacy of in vitro graft
seeding using mature ECs. Herring et al (6) were the first to
show the benefits of seeding ECs on a polyethylene prosthesis
in a canine in vivo model. Since then, different sources and
types of cells, isolation methods, graft materials, graft sizes,
coatings of grafts, animal models, antithrombotics and methods

of follow-up have been used. In subsequent randomized clini-
cal trials, EC seeding of polytetrafluoroethylene grafts resulted
in increased patency rates of arterial bypass-grafts after three-
and nine-year follow-up, respectively (7). However, a broader
clinical implementation of in vitro EC seeding techniques is
hampered by the laborious procedures for harvesting, expan-
sion and application of ECs obtained from autologous veins or
adipose tissue. These procedures preclude application of in vitro
graft seeding techniques for acute interventions. In addition,
ECs that are seeded onto the luminal surface of prosthetic grafts
before surgery do not retain completely after implantation in
vivo due to a lack of adhesive strength. Moreover, seeded
microvascular ECs on macrovascular prosthetic grafts may
require phenotypic modulation for optimal functioning,
because ECs from diverse tissues and vascular beds are hetero-
geneous with respect to their surface phenotype and protein
expression (1).

EPCs: A NEW SOURCE OF ECs FOR 

GRAFT SEEDING
Bone marrow-derived EPCs have emerged as a promising
alternative source of autologous ECs. EPCs are a subset of
CD34(+) cells with the potential to proliferate and differenti-
ate into mature ECs (8). Previous studies on in vitro seeding
of prosthetic vascular grafts using CD34(+) progenitor cells
revealed marked enhancement of graft endothelialization in
animal models. Bhattacharya et al (9) were the first to demon-
strate that CD34(+) cells, isolated from bone marrow, led to
increased endothelialization of vascular grafts in dogs.
However, the procedure was laborious because only 120 mL of
bone marrow were aspirated, and the CD34(+) cells there-
fore needed to be enriched using an immunomagnetic bead
technique.

Griese et al (10) described a method for the isolation and
expansion of circulating EPCs from peripheral blood, and eval-
uated their therapeutic potential for autologous cell-based
therapy of injured blood vessels and prosthetic grafts. The cells
needed to be expanded in vitro to yield sufficient numbers for
therapeutic applications. These cells were successfully trans-
planted into balloon-injured carotid arteries and into biopros-
thetic grafts in rabbits. This technique also led to rapid
endothelialization of denuded vessels and graft segments. 

Both studies describe a promising concept, but laborious
procedures are still required to harvest and expand ECs before
graft seeding. Moreover, neither of these studies reported on
beneficial effects on IH in the anastomotic region of prosthetic
grafts. 

In an effort to circumvent the limitation of cell culture
before graft seeding, we recently evaluated the efficacy of
anti-CD34 antibody-coated prosthetic grafts, which are
thought to bind bone marrow-derived CD34(+) EPCs in vivo
(11). By promoting adherence of these endogenous circulat-
ing EPCs to the prosthetic graft, the need for in vitro seeding
procedures can be avoided. This study was conducted in a
validated model of prosthetic AV graft failure in pigs (12). In
this model, AV grafts were created bilaterally between the
carotid artery and the jugular vein. This approach provides a
potent model for investigating therapeutic approaches,
because one graft can be experimentally manipulated while
the other graft is used as a control. Histological and electron-
microscopical analysis of anti-CD34 antibody-coated pros-
thetic grafts showed almost complete coverage of the graft

Figure 1) Potential mechanisms of protective effects of seeded endothe-
lial cells (ECs) on intimal hyperplasia in vascular prosthesis. First, the
production of nitric oxide (NO), C-type natriuretic peptide (CNP)
and heparan sulphate (HS) by ECs leads to inhibiton of profileration
and migration of vascular smooth muscle cells (VSMCs). Second, the
production of NO and prostacyclin (PGI2) by ECs inhibits platelet
aggregation, with subsequent reduction in release of platelet-derived
growth factor (PDGF) and thromboxane A2 (TxA2) by platelets.
Third, the mechanical barrier formed by ECs prevents infiltration of
leukocytes, thereby reducing the production of growth-stimulation
cytokines including tumour necrosis factor-alpha (TNF-α) and trans-
forming growth factor-beta (TGF-β). + Stimulatory effect;
– Inhibitory effect
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within three days after implantation. However, in spite of
cellular coverage of the luminal surface, the intimal hyper-
plastic response at the venous anastomosis of anti-CD34
antibody-coated grafts dramatically increased after 28 days of
follow-up (Figure 2). These findings show that anti-CD34
antibody coating is successful in promoting cellular coverage
of grafts with endothelial-like cells, whereas these trapped
cells failed to exert protective effects for IH formation at the
venous outflow tract. Although the exact mechanism of this
adverse effect is still unclear, release of platelet-derived
growth factor and basic fibroblast growth factor by adhered
ECs may have contributed to the observed increase in VSMC
proliferation. Alternative explanations for this proliferative
response relate to the capacity of CD34(+) pluripotent pro-
genitor cells to differentiate into various cell types. The
CD34 epitope is not a specific marker for lineage-committed
EPCs. Besides ECs, these cells include platelets,
macrophages, granulocytes and VSMCs (13). The latter cell
types have been identified as active participants in the
process in neointima formation. Furthermore, adequate matu-
ration of captured CD34(+) cells may be hampered by the
binding of the immobilized antibody to the CD34 epitope,
the turbulent flow pattern at the anastomotic region or the
lack of a required microenvironment for optimal functioning.

FUTURE DIRECTIONS FOR EPC SEEDING OF

PROSTHETIC GRAFTS
As described in the previous paragraph, various animal studies
(9-11) on graft seeding using EPCs revealed accelerated graft
endothelialization after in vitro or in vivo EPC seeding.
However, none of these studies observed a beneficial effect on
IH or graft patency. Thus far, the exact mechanism of this lack
of effect is unclear. The process of progenitor cell differentia-
tion is poorly understood. Various studies revealed that func-
tion and amount of EPCs depend on several internal and
external entities. Risk factors for coronary artery disease, such
as diabetes, smoking and chronic renal failure, but also hyper-
cholesterolemia and hypertension, are associated with
impaired number and function of EPCs (14). On the other
hand, several therapeutic modalities have been developed to
counteract the reduction of EPC numbers and the decreased
functional activity in patients with coronary artery disease.
Recent studies showed that vascular endothelial growth factor,
the peroxisome proliferator-activated receptor-gamma agonist
rosiglitazone and 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors (statins) promote differentiation of
CD34(+) cells into mature ECs (15). Therefore, adaptation of
the matrix composition of the prosthetic grafts using these

molecules may ameliorate the vasculoprotective function of
seeded EPCs. In addition, accumulating data suggest that an
adequate balance between CD34(+) and CD14(+)CD34(–)
cells is required for optimal EC differentiation and function of
EPCs (16). Therefore, a mixture of CD14(+) and CD34(+)
cells may result in EC coverage with a high potential to
improve vascular homeostasis.

Finding the right balance in atheroprotective factors,
thereby improving EPC number and function, may theoreti-
cally ameliorate vascular graft patency when EPC-coated
grafts are used. However, this hypothesis needs careful consid-
eration because animal experiments are executed in an envi-
ronment lacking risk factors that influence EPC number and
function.

CONCLUSION
EPCs have emerged as a promising source for prosthetic graft
seeding. The expanding knowledge of EPC function and dif-
ferentiation should stimulate further research on the therapeu-
tic application of EPCs to improve the poor patency rates of
prosthetic grafts.

Endothelial progenitor cell coated grafts
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Figure 2) Representative sections obtained at four weeks after arteri-
ovenous graft implantation in pigs. Enhanced endothelialization in the
anti-CD34-coated grafts coincided with profound increase in intimal
hyperplasia at the venous anastomosis. Lectin-stained sections of bare
(A) and CD34-coated grafts (B) obtained from the centre of the graft.
Lectin is a marker for endothelial cells. Elastin von Gieson-stained sec-
tions of the venous anastomosis of bare grafts (C) and CD34-coated
grafts (D). Reproduced from reference 11 with permission
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