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The Future of Tissue Engineering 

Organ Printing:
  

By Dragos Dasoveanu Ming Kong  Michael Lazar  Justin Park Nelson Yan 

According to the United Network for Organ 
Sharing, 100,000 people are on the waiting list 
for an organ transplant in the United States 
today. This waiting list, called the Organ 
Procurement and Transplant Network, is 
actually a comprehensive record of people who 
are at the end-stages of organ failure and have 
been diagnosed by a transplant physician at a 
medical hospital. The order of the recipients for 
organs is carefully chosen by a committee and 
is dependent on recipients' age, health, medical 
history, lifestyle, and urgency of operation. 

While a small percentage of these patients 
receive a matching organ, there is an anxious 
and ominous wait for those who do not. This is 
because they know that on average, one 
person on the organ waiting list dies every 90 
minutes. With the clock ticking for every person 
on the list, it is a difficult decision by the board 
to decide who is given a new life and who must 
risk death a bit longer. 

The reason that so many Americans are 
left in hospital beds is because of a lack of 
available organs. Less than 40 percent of 



SCIENTIFIC AMERICAN 

Americans designate themselves as organ 
donors, and out of these, only 30,000 have 
organs that are healthy enough for transplant 
each year. Contributions from living citizens 
number a bit below 7,000 per year but these 
are mostly in the form of kidney transplants, 
resulting in high back-ups for those that 
require a new lung, heart, pancreas, liver, or 
intestine, which contribute to a large 
proportion of the organ waiting list and are 
much more urgent. Additionally, even after 
obtaining the actual organ, less than half of the 
organs that are obtained are viable for 
immediate transplants because of blood type 
and other immunological reasons. 

 Currently researchers around the world 
are looking at a potential solution to the 
medical and social problem of organ shortages 
as well as the risky lifelong post-transplantation 
therapies.  The first annual Charleston 
Bioprinting Symposium convened on July 21, 
2006, in Charleston, South Carolina, the seat of 
the Bioprinting Research Center of the Medical 
University of South Carolina.  The conference 
brought together top researchers in the world 
to discuss the direction and future of an 
application of tissue engineering called organ 
printing. This new technology allows human 
tissue to be deposited on 
a biocompatible substrate 
with the goal of creating 
complex 3D structures 
such as organs. By using 
r e a d i l y  a v a i l a b l e 
technology in the form of 
regular printers, the 
process of building an 
organ de novo can 
become an affordable, 
safe and ethical way of 
curbing human organ 
s h o r t a g e s .  W i t h 
numerous scientific 
studies compellingly 

suggesting the technique’s feasibility, the 
prospect of organ printing might someday 
become a reality.  

Biological limitations of current transplantation 
procedures 

 BESIDES THE SERIOUS issue of organ 
shortages, the biggest challenge to making 
organ transplantation a routine medical 
procedure is the immune system itself. The 
immune system has developed complex 
defense mechanisms against foreign agents 
that enter the body. Unfortunately, the same 
mechanisms that protect us from pathogens 
like bacteria, viruses and parasites cause 
rejection of grafts or transplants from anyone 
who is not genetically similar. The immune 
system recognizes the foreign proteins or 
antigens on a transplanted organ and then 
proceeds to destroy it in a matter of days, 
triggering what is known as graft versus host 
disease, GVHD. 

 Tissues and organs that survive 
transplantation for months and years are said 
to be antigenically similar or histocompatible. 
The various proteins that determine 
histocompatibility, are encoded in different 
parts of the human genome.These proteins 

determine if a person 
w i l l  r e j e c t  a 
transplanted organ. 
The part responsible 
for the most vigorous 
rejection reactions is 
represented by the 
m a j o r 
h i s tocompat ib i l i t y 
complex (MHC). The 
MHC encodes a family 
of proteins expressed 
on the surface of all 
the cells in the body, 
that directly interact 
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with immune cells thus having a pivotal role in 
the activation of an immune response which 
can lead to rejection . 

Various procedures called tissue-typing 
have been developed in order to screen the 
donor and the recipient for blood type and 
major histocompatibility antigens. This 
increases the chances that an organ will be 
accepted after transplantation. However, even if 
a compatible donor is found, the process of 
organ rejection is in most cases still inevitable, 
forcing the patient to apply for a new organ 
after several years. 

 In addition, immunologic memory, the 
same property of the immune response that 
makes vaccines work, ensures that the immune 
system “remembers” the antigens on the 
previous transplanted organ. This causes 
subsequent transplantations to be more 
susceptible to rapid rejection. 

The main strategy currently employed to 
prolong the life of a transplanted organ is 
immunosuppressive therapy. A variety of 
immunosuppressive agents, including drugs 
and specific antibodies, can delay or prevent 
rejection of a transplanted organ. The majority 
of these agents, however, have an overall 
immunosuppressive effect and their long-term 
use has negative side-effects for the recipient, 
such as susceptibility to opportunistic 
infections. 

 The current transplantation procedures 
and post operation treatments are far from 
ideal. The five year survival rates of those lucky 
enough to receive a new organ range from 50% 
to 90% depending on the transplanted organ 
and the medical history of the donor and 
recipient.  

First Attempts   

AS OF 2007, a potential solution to the 

medical and social problem of organ 
transplantations has emerged in the form of 
tissue engineering. One of the first applications 
of tissue engineering developed was tissue 
scaffolding. This technique involves depositing 
the patient’s own cells that are grown in lab 
cultures in a homogeneous scaffold crafted 
with crude macroscopic form. Afterward, the 
matured structure is transplanted into the 
damaged body parts. The structure will then 
fuse with the damaged tissue, healing the 
patient’s wound overtime. Unlike older 
technologies, tissue scaffolding is innovative 
because it uses a patient’s own cells. As a result, 
scarring can be reduced if applied to damaged 
skin and no rejection will occur.  

Despite all the promises of this 
technology, it has so far proven to be 
successful only in repairing skin and cartilage. 
The difficulty for implementing this technology 
in creating organs lies in building a feasible 3D 
scaffold that replicates the complex nature and 
structure of functional organized tissues. 
Organs have intricate architecture composed of 
multiple types of cells with different functions 
and specific capillary networks that are still 
beyond the ability of current scaffold 
fabrication technology.  

A more advanced method of cell 
seeding, one that could place different cells 
and biomaterials into the scaffold in structured 
patterns, could create heterogeneous cell 
constructs and form an enhanced starting point 
for tissue growth. One method to accomplish 
this type of cell seeding would be to use a tool 
capable of printing cells into single layers of 
tissue scaffolds. Then, it is possible to use a 
layer-by-layer approach to build entire 
constructs that mimic natural tissues. Given the 
setbacks and limitations of tissue scaffolding, 
the hopes of creating organs that will have 
perfect compatibility seem remote. However, 
the prospects of inkjet and laser printing of 
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Mironov, Vladimir et al. “Organ printing: computer-aided jet-based 3D tissue engineering.” Trends in Biotechnology Vol.21 No.4 April 
2003.  

The process of tissue printing is divided into three 
steps. 

The first step, pre-processing, involves the develop-
ment of a detailed computerized model of the organ.  
This would entail gathering image data of the organ 
to be printed either using computerized tomography 
or magnetic resonance imaging (MRI). 

The second step, processing, is the actual printing of 
the organ.  In this step, cells are placed layer by layer 
using a modified inkjet printer.  In a study on depos-
iting Chinese Hamster Ovary and embryonic moto-
neuron cells, a modified Hewlet Packard 550C printer 
with an HP 51626a ink cartridge was used.  In addi-
tion to depositing cells, the printer can also deposit a 
layer of thermo-reversible gel, which gives the cells 
its 3D shape.  Some gels that have commonly been 
used include collagen and soy agar gel.  

The final step, post-processing, is the conditioning 
of the organ after it has been printed.  The cells dur-
ing the printing process have the physical properties 
of a visco-elastic fluid.  These cells must eventually 
perfuse to create a solid organ.  In order for the cells 
to survive, they require a bioreactor which helps the 
cells mature more quickly and differentiate.  In an 
experiment done with chicken heart cell tubes, after 
19 hours of being printed, the cells perfused and 
beated in a synchronous manner. 

organs promise to change this belief. 

Tissue Printing 

THE IDEA OF organ printing as an 
efficient application of tissue engineering 
hinges on the intrinsic biological property of 
soft tissue fragments or cell aggregates to fuse 
and form larger structures.  By employing the 
property of embryonic stem cells to coalesce if 
placed in close proximity, known as fluidity, 
experimenters hope they can create aggregates 
of cells that can than differentiate to form a 
tissue with a specific function like heart tissue 
or neuronal tissue. 

Numerous experiments and studies in 
developmental biology have been conducted in 
order to discover the chemical cues that 
commit an embryonic stem cell to a certain 
developmental path. Progress has been made 
amidst intense debate on stem cell research. 
Scientists in laboratories around the world are 
unraveling the mechanisms that turn a clump 
of undifferentiated cells into an intricate system 
of organs, each one being a complex structure 
on its own. 

 The tissue engineer has to consider 
these biological findings relating to embryonic  

Tissue Inkjet Printing Procedure 
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development and then try re-enact the devel-
opmental events that lead to the formation of a 
given organ. In addition, this has to be done in 
an efficient and ethical manner. Currently, sci-
entists successfully grow different types of cells. 
However a culture of liver cells forming a he-
patic tissue of random shape and organization 
will not carry out the functions of a viable liver. 
The functions of an organ are determined to a 
large extent by its three dimensional structure 
and placement of specific populations of cells. 

 The tremendous challenge of building 
an organ with high fidelity and precision can be 
tackled by using a bottom up approach repre-
sented by tissue printing. By depositing layer 
upon layer of cells and other biocompatible 
materials the end result is a tissue that not only 
has a highly controlled external geometry but 
also has a predetermined and tightly controlled 
internal organization characteristic of a func-
tional organ. 

Inkjet Tissue Printing       

GABOR FORGACS, a leading researcher 
in the field of biomedical engineering at the 
University of Missouri, has successfully imple-
mented an application of tissue printing by us-
ing inkjet printer technology. He is currently 
working with a startup company called Sciperio 
whose ultimate purpose is to use tissue printing 
to create organs.  Forgacs’ lab uses an inkjet 
bioprinter that utilizes micropipettes to print 
individual cells. This novel technology shows 
promise in increasing the precision of cell 
placement. This in turn will enable scientists to 
build higher density biological structures, re-
sulting in faster fusion   and adhesion of differ-
ent layers of cells to create a living tissue 

 In addition, other researchers such as 
Vladimir Mironov at the Medical University of 
South Carolina are currently conducting experi-
ments using inkjet printers to build tissue con-

structs like avian heart tubes. By building such 
basic geometric structures, scientists hope to 
gain insight in printing complex vascular net-
works, a vital component of all living organs.  

 

 

 

 

 

 

 

Laser Printing  

 AN ALTERNATIVE TO inkjet organ print-
ing was developed at the Naval Research Labo-
ratory at Washington DC and consists of an ori-
fice-free printer named Matrix-Assisted Pulsed 
Laser Evaporation Direct Write (MAPLE DW). It 
was demonstrated in experiments performed 
by doctor Ringeisen and collaborators that this 
technology has the potential to simultaneously 
deposit scaffolding materials, biomolecules and 
living mammalian cells with a resolution of 10 
to 100 microns. 

 The MAPLE DW apparatus is based on a 
laser forward transfer technique that is used to 
focus laser pulses in order to transfer mammal-
ian cells from an optically transparent biopoly-
mer coated quartz support, also known as 
“ribbon,” to a substrate. This substrate is typi-
cally a glass microscope slide coated with a 
biopolymer that enables cells adhesion, cell 
growth and reduces the impact of the laser 
transfer. The technology of tissue laser printing 
can be employed in the future to create organs 
by layering patterns of cells and building intri-
cate and fine three dimensional structures like 
capillary trees that vascularize a tissue and pro-
vide oxygen and nutrients.  

Gabor Forgacs uses micropipettes in his inkjet printer. 

 http://forgacslab.missouri.edu/bioprinter.html 
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 Tissue Laser Printing Apparatus 

        Material is transferred from the RIBBON to 
the SUBSTRATE by focusing the LASER at the 
interface of the optically transparent quartz 
SUPPORT LAYER and an optically absorptive 
BIOLOGICAL LAYER containing the cells. The laser 
wavelength of 193 nm ensures that the water in 
the biological layer absorbs this radiation, leading 
to localized vaporization of the water that is 
heated by the laser beam. This process induces 
the formation of a gas bubble, which causes 
directional jetting of the biomaterial and the cells 
toward the receiving substrate. 

        By moving the stage on which the substrate 

is mounted, the setup can deposit cells in 
different places allowing pattern formation. The 
resolution of the printing process is determined 
by the area of the biomaterial on the ribbon that 
interacts with the laser. Thus the resulting spot 
size of transferred cells depends on laser energy, 
laser spot size, biomaterial composition and bio-
layer thickness. The first two of these parameters 
can be controlled by using a CCD camera 
positioned confocally with the incident laser. This 
allows the user to select both the portion of 
material on the ribbon to be transferred and the 
position on the substrate where it is to be 
deposited.  

Ringeisen, Bradley R. et al. “Laser Printing of Pluripotent Embryonal Carcinoma Cells.” Tissue Engineering. Volume 10, Num-
ber 3/4, 2004. 

 WITH THE TECHNOLOGICAL advances in 
tissue printing come inevitable social 
implications— for better and for worse. The 
possibility of creating organs de novo would 
bring supply up to demand.  Despite the fact 
that many countries use some form of waitlist 
to determine who receives an organ, these 
systems are often terribly biased and arbitrary.  
Often, the elderly and those with chronic 
conditions are neglected by the system. 

 According to the University of Miami’s 
Department of Surgery, the wait time for a liver 
“varies based on the medical acuity of the 
candidate, the blood type and the size.” 
However, among those deemed eligible for a 
transplant, “most… will wait anywhere from 9 to 
12 months.” The successful implementation of 
tissue engineering applications, which can 
create fully compatible organs, promises to 
completely eliminate transplant waitlists in the 
future. 

Social Implications 
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The scarcity of organs in the modern 
world also translates into social inequality in 
the form of illegal organ trafficking.  People 
from developed countries often travel to third 
world countries to purchase organs from the 
poor.  With the combination of long waiting 
times for transplants and the desperation to 
escape poverty, organ trafficking has 
flourished. It has developed into a system of 
exploitation of the poor by the wealthy. “The 
reality is that it is cheaper and easier to pay an 
impoverished person a few thousand dollars for 
a kidney,” admits author Norm Barber in his 
analysis of the transplant industry.  Tissue 
printing, if implemented at a low price, would 
become a viable solution towards ending this 
unjust system, and creating the means of 
providing cheaper organs for all in need. 

However, a major obstacle for tissue 
printing is the controversial use of stem cells in 
constructing organs.  Currently in the United 
States, policy prohibits using federal funds 
towards human embryonic stem cell research 
and testing. In addition, American voters tend 
to be heavily divided on this issue as well. While 
California has permitted funding research 
projects, it seems doubtful that all states will 
follow suit. Because tissue printing is still in its 
early stages, scientists’ ability to garner 
government and public support remains critical 
to how this technology will succeed in the 
coming years. 

 Future applications of tissue engineering 
and tissue printing could range across medical 
disciplines and include burn treatments in the 
form of skin grafts, dental implants as well as 
organ, bone and cartilage transplants and 
repair. However before all these applications 
can become real this relatively new branch of 
engineering has many challenges ahead such 
as finding  reliable sources of compatible cells, 
developing methods for differentiating stem 
cells into functional tissues, advancing methods 

of  tissue preservation and optimizing 
technologies like inkjet and laser printers 
necessary to build complex organ structures.       


