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Traditional vascular grafts constructed from synthetic polymers or cadaveric human or animal tissues support the
clinical need for readily available blood vessels, but often come with associated risks. Histopathological evaluation
of these materials has shown adverse host cellular reactions and/or mechanical degradation due to insufficient or
inappropriate matrix remodeling. We developed an investigational bioengineered human acellular vessel (HAV),
which is currently being studied as a hemodialysis conduit in patients with end-stage renal disease. In rare cases,
small samples of HAV were recovered during routine surgical interventions and used to examine the temporal and
spatial pattern of the host cell response to the HAV after implantation, from 16 to 200 weeks. We observed a
substantial influx of alpha smooth muscle actin (aSMA)-expressing cells into the HAV that progressively matured
and circumferentially aligned in the HAV wall. These cells were supported by microvasculature initially formed by
co34+Ico31 + cells in the neoadventitia and later maintained by CD34-/CD31 + endothelial cells in the media and
lumen of the HAV. Nestin+ progenitor cells differentiated into either aSMA+ or CD31 + cells and may contribute to
early recellularization and self-repair of the HAV. A mesenchymal stem cell-like CD90+ progenitor cell population
increased in number with duration of implantation. Our results suggest that host myogenic, endothelial, and
progenitor cell repopulation of HAVs transforms these previously acellular vessels into functional multilayered
living tissues that maintain blood transport and exhibit self-healing after cannulation injury, effectively rendering
these vessels like the patient's own blood vessel.

3
:::r
::+
"O

I
in
0

iii"
:::,

INTRODUCTION

The clinical demand for safe and effective vascular repair material is
substantial. Cardiovascular disease, including disorders that require
the byp assing of occluded or narrowed blood vessels, remains the
leading cause of patient morbidity and mortality in the world (1). The
repair and reconstruction of congenital cardiovascular defects and
vessels disrupted during traumatic injury, oncologic surgery, or organ
transplantation, as well as the creation of arteriovenous (AV) conduits
for hemodialysis access, often require the use of vascular substitutes.
Autologous arteries and veins are typically the primary choice of ma
terial for vascular repair or creation of AV fistulas; however, the op
tion for harvesting and repurposing vessels within the same patient
is often limited by the pathophysiological condition of the patient.
Consequently, synthetic vascular grafts and patches such as those
constructed from expanded polytetrafluorethylene (ePTFE) or poly
ethylene terephthalate (Dacron) have been implanted in millions of
patients over the past four decades, but their use comes with higher
risks of infection, thrombosis, and other complications compared to
the use of autologous arteries or veins (2, 3).
Numerous biological alternatives to autologous vessels and syn
thetic vascular grafts, including both allogeneic and xenogeneic ves
sels and tissues, have been evaluated and approved by the U.S. Food
and Drug Administration for human implantation. However, their
potential is limited by availability, cost, processing techniques, and
mixed clinical outcomes (4). Specifically, the methods used to cryo
preserve, fix, sterilize, or decellularize allogeneic and xenogeneic tis2
1
Humacyte Inc., Durham, NC 27713, USA. Departments of Surgery and Pathology,
Duke University Medical Center, Durham, NC 27710, USA. 3Departments of Anesthe
siology and Biomedical Engineering, Yale University, New Haven, CT 06511, USA.
*Corresponding author. Email: prichard@humacyte.com
Kirkton eta/., Sci. Transl. Med. 11, eaau6934 (2019)

:::,
0
Ill
a.
CD
a.

27 March 2019

sues often affect their immunogenicity and biocompatibility, resulting
in host inflammatory reactions, and ultimately, in material degrada
tion and mechanical failure (5-8). Although many of these tissues have
mechanical strengths that match or exceed those of native autologous
vascular tissue, the structure and composition of their matrix are not
conducive for appropriate repopulation by host cells (9-11). Thus,
these allogeneic and/or xenogeneic tissues are never sufficiently re
modeled into the host's own living tissue. Identifying when and what
types of host cells participate in the repopulation and remodeling of
implanted vascular material becomes critical for understanding their
long-term success or failure in patients.
With continued clinical evaluation and development of scalable
and cost-efficient manufacturing processes, readily available tissue
engineered human blood vessels may offer a promising "off-the
shelf' and biocompatible alternative to allogeneic, xenogeneic, and
synthetic vascular grafts (4). Advances in tissue engineering have es
tablished a promising new paradigm in regenerative medicine in which
biological tissues are generated in vitro with the goal of recapitulat
ing the structure and function of their native equivalents in vivo.
Approaches for tissue-engineered blood vessels have progressed sub
stantially in 30 years since they were first conceived (12), and to date,
several designs have been evaluated in a variety of human cardiovascu
lar applications including repair of congenital heart defects (13-15),
hepatic portal vein bypass (16), and most recently, AV conduits for
hemodialysis access in patients with kidney failure (17, 18).
We have developed an investigational bioengineered blood vessel,
the human acellular vessel (HAV), that is generated by seeding hu
man vascular cells into a biodegradable mesh scaffold within a bio
reactor system. This system provides pulsatile distention, culture
medium circulation, and allows for decellularization of the result
ing collagenous blood vessel (to remove all cells and immunogenic
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Vital vessels
Vascular access is critically important for hemodialysis. An arteriovenous fistula generated from native
blood vessels has long been thought to be optimal for long-term access; however, some people with kidney
disease require vascular grafts. Kirkton et al. studied bioengineered human acellular vessels (HAVs) implanted as
hemodialysis access vessels in subjects with end-stage renal disease. Sixteen tissue samples from HAVs were
explanted from subjects participating in phase 2 clinical studies over the course of nearly 4 years. The authors
characterized cellular repopulation of the implanted vessels over time, noting increases in CD90 + cells,
lumen-lining CD31 + endothelium, and the presence of aligned alpha smooth muscle actin −expressing cells. This
study provides valuable insight into human vascular remodeling.
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