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regeneration. This is because they transdif-
ferentiate into cardiac cells and also inte-
grate with the host heart tissue, resulting in 
synchronized heartbeats.5 Although many 
scientists consider these cells to be the best 
type of stem cells for cardiac research, others 
argue that they are very rare and extremely 
hard to obtain.7 Furthermore, the number 
of cardiomyocyte progenitor cells decreases 
as humans grow older, and in the case of a 
heart attack, these cells die with the rest of 
the heart tissue.5

 Human mesenchymal stem cells are 
multipotent cells, meaning that they can 
transdifferentiate into more than one type of 
cell, but not all cell types. These cells are most 
commonly found in bone marrow, but they 
can also be found in other tissues, such as 
the fallopian tube and umbilical cord blood. 
Isolating these cells is not easy, yet they are 
one of the most accessible and well-studied 
types of stem cells.8

 Human endothelial progenitor cells are 
one of the most frequently utilized stem cells 
for blood vessel regeneration. Blood vessel 
formation in the embryo has been observed 
in numerous vertebrate animals, which sug-
gests that the same process could take place 
in adult humans. However, more research is required to fully 
understand these cells’ effects on the human body. Finally, not 
only are endothelial progenitor cells widely studied, they are 
also very accessible and cost effective.9

THE SCAFFOLD 

Another major challenge in tissue engineering is choosing 
the correct scaffold for the stem cells to grow on. Scaf-

folds, commonly defined 
as structures that pro-
vide support, are one of 
the key components of 
tissue regeneration. Scaf-
folds must have the same 
shape as the tissue that 
will be bioengineered 
in order to guide the 
growth of the stem cells 
into the proper shape. 
Furthermore, the scaf-
fold must also deliver the necessary nutrients to the stem cells 
in order to make them transdifferentiate into the desired cell 
type.10

Many different types of scaffolds have been used in car-
diac research, but one of the most popular options is phase 
separation. This technique creates a scaffold that consists of 
hundreds of pores using chemicals such as polylactic acid 
and dioxane. The resulting pores are responsible for provid-
ing nutrients for the cells and facilitating the disposal of their 
waste products. Limited success has been achieved with this 

infarctions or tissue death, some scientists have been bio-
engineering heart patches. Heart patches are cardiac tissues 
that are bioengineered using stem cells. They only replace the 
infarcted tissue in order to increase the patient’s chances of 
survival. If the stem cells are obtained from the patient receiv-
ing the treatment, the risk of transplant rejection will also be 
reduced.2 This technique has had little to no results in recent 
years because this project is considered by many to be eco-
nomically and technically impractical. Moreover, supplying 
nutrients to cell layers thicker than a millimeter is a challenge 
that still staggers scientists, so bioengineering an entire por-
tion of the heart can hardly be considered feasible in the near 
future.2

THE BUILDING BLOCKS 

The first step in bioengineer-
ing a tissue is choosing the 

right stem cells based on the 
desired cell type. Stem cells are 
cells that are capable of trans-
differentiating, converting to 
another cell lineage by differen-
tiation. The human body con-
tains and stores different types 
of stem cells including progeni-
tor cells, which tend to transdif-

ferentiate into a specific cell type. Depending on the tissue 
that will be bioengineered, scientists use different types of 
stem cells.5 

Embryonic stem cells are considered to be the most stud-
ied type of stem cells, as they were among the first types of 
stem cells to be discovered. There have been many attempts 
to use them to bioengineer human tissues, with promising 
results.6 However, the use of embryonic stem cells is highly 
controversial, because obtaining them directly leads to the 
destruction of the human embryo.5

Skeletal myoblasts have also been extensively studied in 
the past decade, but they are no longer used for cardiac tis-
sue regeneration, as numerous studies have found them to be 
dangerous when differentiated into cardiac cells. These stem 
cells do not integrate into the host heart tissue, causing unsyn-
chronized heartbeats. If transplanted into a patient, skeletal 
myoblasts would increase the recipient’s risk of arrhythmia, 
or irregular heartbeats.5

Cardiomyocyte progenitor cells are one of the most 
promising types of stem cells in regards to cardiac tissue 
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THERE ARE OVER 120,000 PEOPLE IN THE   
United States who currently need a lifesaving organ 
transplant. Although each organ donor can save up 

to eight lives, there are not nearly enough donors to save the 
lives of everyone in need of a replacement organ. Even if a 
patient receives an organ transplant, they face the immense 
risk of transplant rejection. For this reason, scientists have 
been searching for an optimal alternative to donated organs 
for decades. Stem cell engineered organs have recently been 
studied as a potential solution. These bioengineered organs 
are increasingly utilized because they not only provide an 
alternative to organ donation, but they also have reduced 
risk of organ rejection.2 This article provides an overview of 
the experimented methods and 
types of stem cells for making 
bioengineered organs. Most 
notably, the innovative use of 
natural protein fibrin and spin-
ach as a bioscaffold has been 
proposed as the optimal way 
to bioengineer a blood vessel, 
the ultimate tissue regeneration 
technique that can be adapted to 
various other organs.

CARDIAC ISCHEMIA

As the leading cause of death in the United States and 
worldwide, myocardial infarction, also known as a heart 

attack and cardiac ischemia, affects millions of people each 
year. Those affected by this condition need new blood vessels 
and  are often  prime candidates for heart transplants. How-
ever, most patients never receive a transplant. Medications 
and alternative treatments can provide temporary relief, but 
the field of bioengineering could provide a permanent cure.2

There are two large, branching coronary arteries that 
deliver blood to the heart muscle. When one of these arteries 
becomes blocked, a portion of the heart becomes starved of 
oxygen. If this condition lasts for more than a few minutes, 
the heart tissue dies and becomes infarcted tissue.3 Organ 
donations do not provide much hope for patients suffering 
from this condition, which is why scientists have been search-
ing for an alternative solution for decades.

HEART PATCHES

One such alternative is bioengineering cardiac tissue 
to be transplanted into individuals whose hearts have 

been damaged by a heart attack. Whole heart transplants are 
extremely dangerous, and heart donations are very rare.4 In 
search of treatment for patients suffering from myocardial Author contact: Yasaman Khorsandian is a first-year student at 
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method due to the difficulty in controlling the pore sizes and 
density.10 Another common scaffold fabrication technique 
is electrospinning, which involves the application of a high-
voltage electric field between a metallic capillary containing 
a desired polymeric solution and an electrically grounded 
electrode.10 The resulting nanofibers have nanopores with the 
potential to grow stem cells. Highly complex tools are required 
for electrospinning, and more research is necessary for this 

method to become a 
more established scaffold 
fabrication technique.10,11

CORMATRIX 

Products created by 
CorMatrix® have 

been widely used in stem 
cell-based approaches 
to treating heart attacks. 
This company produces 
numerous types of 

bioscaffolds using porcine small intestinal submucosa extra-
cellular matrix that are used for cardiovascular research and 
surgeries.12 These scaffolds are the proposed alternative to 
polytetrafluoroethylene (PTFE) grafts, the most commonly 
used grafts in vascular surgeries. Although utilized in many 
operating rooms throughout the country, PTFE grafts are not 
a popular option among surgeons because they significantly 
increase the patient’s risk of complications after surgery. 
Examples include high rates of infection, seroma formation 
(pockets of fluid produced by injured cells), and neointimal 
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“These bio-engineered 
organs not only provide an 

alternative to organ donation, 
but they also have reduced 

risk of organ rejection.”

“Blood vessel formation in the 
embryo has been observed in 

numerous vertebrate animals, which 
suggests that the same process could 

take place in adult humans.”
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hyperplasia (thickening of arterial walls resulted by the 
proliferation of smooth muscle cells).13 The CorMatrix® 

claims that its bioscaffolds treat heart attacks without any of 
the complications caused by PTFE grafts, but more research is 
necessary to support such claims. Although many researchers 
remain optimistic about the future uses of CorMatrix® prod-
ucts, several studies show that their current bioscaffolds have 
failed animal testing in an arterial environment.14

DECELLULARIZATION

Decellularization refers to the process of removing cellular 
material from a tissue or an organ and leaving behind an 

intact vascular network, which can be used as a cellular scaf-
fold consisting of extracellular matrix (ECM). The composi-
tion of the scaffold depends solely on the tissue or the organ 
from which it was derived.15

The main purpose of a scaffold in tissue engineering is 
delivering nutrients to the cells and removing waste products. 
In order to achieve this goal, 
a scaffold must consist of an 
abundance of micropores or 
have a sophisticated vascular 
network, identical to the one 
in the human body. In past 
decades, many studies have 
tried to recreate the com-
plex vascular system in the 
human body.16 However, none 
of them have been fully suc-
cessful, which is why many 
scientists today are trying to 
replicate the human vascu-
lar system using natural materials derived from organisms. 
Plants, specifically leaves, contain a sophisticated vascular 
system that can be decellularized while retaining its structure. 
The resulting decellularized tissue can then be recellularized 
with a patient’s own cells to bioengineer new tissue.10, 15 In par-
ticular, spinach leaves have a large petiole, the stalk that joins 
a leaf to a stem.15 This property is very useful for bioengineer-
ing a blood vessel since it allows ample space for the cells to 
grow in the shape of a blood vessel.

Many different types of plants have been studied as a nat-
ural extra-cellular matrix because they are accessible world-
wide. If it is proven that stem cells can grow and transdif-
ferentiate on plants, this method will present a significantly 
more cost effective and efficient alternative to currently used 
scaffolds. 

CELL DELIVERY TECHNIQUES

Fibrin, an insoluble protein found in blood, is one of the 
major causes of a blood clot. Upon injury, fibrogen is com-

bined with an enzyme named thrombin at the site of injury, 
producing fibrin strands that stop the bleeding. Scientists 
searching for innovative cell delivery techniques described 
fibrin as the optimal cell delivery technique, so they used its 
components, thrombin and fibrinogen, to create fibrin in the 
lab. These strands of fibrin can be safely transplanted inside 
an organism because they degrade upon contact with the 

cellular waste products, and stem cells can also be grown on 
chains of fibrin.15

Once it was proven that stem cells had the ability to grow 
on the fibrin strands in-vitro, researchers decided to use this 
protein for its initial role in the body: to heal wounds. Because 
a single fibrin strand is extremely small and fragile, a number 
of fibrin strands were threaded together in order to increase 
their durability. Subsequently, these threads were cultivated 
with stem cells and used as sutures. This study had very prom-
ising results, and other scientists are still using these sutures 
as an optimal cell delivery technique.15

CONCLUSION AND FUTURE DIRECTIONS 

Every day in the United States, an average of 22 people die 
while waiting for a lifesaving organ transplant. A stem 

cell approach resolves numerous complications of organ 
transplants, such as the lack of donated organs and the risk of 
transplant rejection. Heart attacks, one of the leading causes 

of death worldwide, are 
caused by a blockage of arter-
ies. With the available tech-
nology, bioengineered blood 
vessels could be transplanted, 
delivering blood and stem 
cells to the cardiac tissue dam-
aged by a heart attack. Vari-
ous stem cell types, scaffold 
fabrication techniques, and 
stem cell-based approaches 
have potential for improving 
the treatment of heart attacks. 
They could even be adapted to 

bioengineer different types of blood vessels throughout the 
human body.

Based on accessibility and cost, the tissue generation 
method using fibrin and the natural bioscaffold of spinach 
appears to hold the most promise and would allow bioengi-
neers to employ this optimal tissue regeneration technique 
worldwide. Fibrin has high potential as a cell delivery method 
because of its natural adherence as well as its biodegradabil-
ity. The protein can be easily produced in vitro and does not 
cause complications for the patient because it degrades over 
time. Although spinach is the best studied, other types of 
plants may also be candidates for bioscaffolds. In addition, 
despite the popularity of endothelial progenitor cells, mesen-
chymal stem cells may be an option as well, since they can be 
grown on extracellular matrices and can even grow alongside 
endothelial stem cells.

Finally, the proposed solution has the potential to save 
countless lives of those on transplant lists as well as those with 
diseases such as cardiac ischemia, for which there are cur-
rently no permanent treatments available. In fact, if these bio-
engineered blood vessels find their way into hospitals, they 
could fix every broken heart across the world. 

References for this article can be found at 
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“A stem cell approach resolves 
numerous complications 

of organ transplants ... 
[Bioengineered blood vessels] 
could fix every broken heart 

across the world.”


