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Abstract

be presented.

Tissue engineering as a field is rapidly developing in order to provide new scaffolds, tissues and organs or
devices to replace or supplement function. One key limitation within tissue engineering is the need for rapid perfusion
and microvascularization of implanted tissues. Many investigators are currently focused on the rational design of
angiogenic tissue engineering scaffolds which can induce the formation of a microvascular host response. This
contribution is critical to the field because recently developed tissue engineering products for use in humans lack
microvascularization. These successfully engineered thin tissue components include cartilage, bladder and cornea.
The lack of microvascularization limits the types of tissue replacements that can be engineered. In order to better
understand the need for microvascularization, a basic discussion on the demand for tissue engineering, an overview
of current strategies employed by tissue engineering and some successes and challenges within the field must first

Motivation: The Increasing Need for and Cost of
Transplantation Fuels Demand for Tissue Engineering

Many disease processes in the United States involve the destruction
or damage of organs and tissues. The cause of destruction of these tissues
can originate from ischemic insult triggered by cardiovascular disease,
infection, auto-immune attack, cancerous invasion, genetic conditions
or toxic exposure. Hundreds of conditions can contribute to the
destruction of host organs and ultimately necessitate either assistance
of organ function or complete organ transplantation in the host. The
most common diseases requiring organ transplant include Polycystic
Kidney Disease, Diabetes Mellitus, Chronic Obstructive Pulmonary
Disease, Idiopathic Pulmonary Fibrosis, Hypertension, Coronary
Heart Disease, Cardiomyopathy, Short Gut Syndrome, Cirrhosis
and Hepatitis [1]. In the US, there are currently over 100,000 people
awaiting organ transplantation. Those awaiting organ transplantation
mostly need kidney transplantation or liver transplantation in fact; these
represent approximately 90% of the people on organ waiting lists. Both
liver and kidney tissues are extremely well vascularized, with complex
microvascular networks to allow for the diffusion and excretion of
waste products and the reabsorption of nutrients and metabolites.
There are countless other conditions involving many tissues for which
there are no current transplantable methods to alleviate their disease,
or to allow recovery of function.

One important consideration of transplantation is the cost
associated with this dramatic surgical procedure and the maintenance
of the graft for many years following surgery. Of those awaiting
transplantation, around 20% will receive their organ per year, and the
cost for organ transplantation in the first year alone will range between
$275,000 for a pancreas and $1.1 million for a heart-lung or intestine
transplant [1]. Roughly $200,000 of the total cost for organ transplant
comes from procurement and immunosuppressants in the first year,
however, over time immunosuppression can contribute an additional
$200,000 to the total cost of transplantation [1]. Furthermore, the
process of immunosuppression, though vital to the success of the
transplant, can leave the host at risk for numerous infections and the
drugs themselves often cause unwanted side effects.

One proposed alternative to tissue transplantation is the development
of new tissues and organs derived from cells extracted from the host us-
ing technology developed in the field of tissue engineering. The argument
for this technology is that it will decrease monetary and human costs by
eliminating post transplant immunosuppression and the transportation

and surgical costs for procurement of donor organs. Also tissue engineer-
ing could provide new options for previously untreatable diseases.

Tissue engineering is a relatively new field of research, which may
have roots in ancient practices but was best presented in the landmark
paper of Langer and Vacanti in 1993 [2]. Tissue engineering involves
the use of three critical ingredients, cells, scaffolding, and cytokines
to fabricate tissues as a therapeutic [3,4]. The goal of this field is to
replace damaged tissues and organs, in order to provide a greater pool
of resources for those awaiting transplantation, as well as to reduce the
costs of organ replacement, by reducing immunosuppression required
(using host cells) and reducing procurement costs. Furthermore, tissue
engineering serves to provide new therapeutic solutions for conditions
of tissue loss where transplantation is not currently possible. In many
disease conditions this new field will help to better the available
treatments by contributing vascularized tissue constructs for
implantation; this is particularly relevant to many diseases involving a
compromised vascular system.

Limitations of Tissue Current

Approaches

Engineering:

Tissue engineering has yet to address the issue of solid, thick
tissues, requiring nutrient delivery over more than 150 microns,
which is the transport limit of diffusion for most metabolic substrates
[5,6]. The focus of many labs is to develop microvascularized tissue
engineered constructs, in order to provide a solution to the diffusion
problem, and to ultimately design and develop thick tissues or whole
organs to replace damaged tissues [7]. This represents a major hurdle
to tissue engineering and the fabrication of a microvascularized or
rapidly perfused tissue construct is a highly sought after goal [5]. One
strategy towards this goal is to develop prevascularized constructs
for implantation [7], while other strategies focus on rapid vascular
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invasion and perfusion [8]. The most promising research has combined
these techniques to develop of rapidly vascularized scaffolds that
recreate vascular space-filling properties similar to those found in
normal, functional tissues, to provide adequate perfusion of implanted
constructs [9-11].

Previous attempts have been made to provide prevascularized
tissue engineering scaffolds. These attempts have included the use of
mesenchymal stem cells in conjunction with Human Umbilical Vein
derived Endothelial Cells (HUVECs- a common source of endothelial
cells) to form vessel beds in the cranial window of skid mice [12]. Also
similar attempts have been made with the use of human embryonic
stem cells which were differentiated into endothelial cells, then
implanted into the skid mouse through a cranial window and likewise
showed vascular integration [13]. Although both of these methods were
successful at demonstrating vessel integration in the brain, neither used
brain derived endothelial cells, and both created functional vessels in
this system, but the monitoring of the mice using a cranial window
is complex and requires many precautions and considerations, as the
mice have compromised immune systems.

One new model allows for facile monitoring in non-immune
compromised mice to determine if vascular networks for tissue
engineering applications can stand the test of implantation. This
model involves the in vivo study of vascularization in non-immune
compromised, fluorescently labeled mice via a corneal micropocket
assay [14]. With proper mastery, this technique allows for appropriate
visualization of vessels in an ideal implanted environment for
anastamosis and integration. Demonstrates the technique principles
and through practice, skilled technicians can complete the surgery in
five minutes allowing for a high throughput approach. Furthermore,
with automated image analysis tools and good sample sizes, this
technique can allow for detailed analysis of the microvasculature [15].

Though the technology is rapidly evolving in order to address the
need for tissue engineering, current clinical approaches are limited
by expertise and costs. As the revelations from the bench side filter
into clinical procedures and technologies, applications in humans
will continue to develop. Importantly technology has to be developed
which includes instruments, devices and bioreactors, along with
proprietary formulations and biochemically modified scaffolds in
order for the prospect of a tissue engineering industry to be sustainable
and profitable. Without patented technology and tissue engineering
scaffolds, the basic techniques and manipulations hold little promise

for development in a life sciences technology approach. This being
said, the horizon is vast for tissue engineering and the promise of
tissue repair and organ replacement is particularly attractive given the
increasing portion of our aging and diseased population in the US and
throughout the world.
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