


This zine aims to give a brief overview of 3D bioprinting based on self-elaborated
questions to inform about the importance, challenges and ethical issues
associated with bioprinting.

It is directed to healthcare and engineering students with an interest in 3D
bioprinting.

To find the journals and websites used in this zine as a scientific foundation,
please refer to the resources provided at the end of the zine.

DISCLAIMER



3D bioprinting is the technology
to create living structures that
resemble human tissues and
organs by using bioink.

What is it?



How does it work?

W H A T  I S  B I O I N K ?

Bioprinting works in a similar way to 3D printing. The printing
process is described as ‘a digital model becomes a physical 3D
object layer-by-layer’. 
CT and MRI scans are used to get the dimensions of the tissue.
Before the bioprinting process with bioink begins, a draft is
created to eventually make adjustments, if required. 
Then bioprinting commences. The bioink is deposited in layers,
whereby each layer is a viscous liquid that solidifies with
continuous layers being deposited. 

Bioink is by definition ‘the material
used to produce engineered live

tissue using 3D printing
technology’. Bioink consists of

living cells and other biomaterials,
usually biopolymer gels. A scaffold
is formed by biopolymers so that
stem cells of patients can attach

to the scaffold and grow within it. 



3D bioprinting creates the opportunity to develop personalised
treatment for patients suffering from disease by generating artificial
human tissues and organs. These could potentially aid the reduction of
animal trials. Treatments of diseases could be tested on artificially
affected tissues. 
Moreover, 3D bioprinting seems to be an alternative to organ donation
and the replacement of damaged tissue. 
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One of the major issues with 3D bioprinted tissues
is that they are personalised treatments. Results
cannot be generalised as there will be variability in
efficacy and outcomes as well as possibly
consequences of the treatment between patients
receiving transplants. Especially tissues based on
autologous induced pluripotent stem cells (iPSCs),
which are patient-derived stem cells with the ability
to differentiate into all cell types of the body, will be
designed and tailor-made for the patient. 

Research indicates that the bioprinting of fully
functioning organs for transplantation faces the
challenge of vascularisation of tissues as the
vascular network supplies the tissues with oxygen
and nutrients by the process of diffusion.
Therefore, the size of the tissue which can be
supplied is limited. Thus, it will presumably take
additional years of research before the bioprinting
of whole organs will be possible.

Moreover, there is the issue with quality control of
bioprinted organs and the limited reversibility of
the implantation. Some organs e.g. the kidney
might not be able to be tested prior to
implantation for their functionality, thus this can
only be assessed after implantation, which is a
nearly non-reversible procedure. A reversibility of
the procedure is associated with major
complications and a high mortality rate. 
However, given that stem cells grow within 3D
bioprinted scaffolds, there is the opportunity to
reverse the implantation by removing the stem
cells from within the scaffold. Additionally, research
suggests that the use of autologous iPSCs ‘may
reduce the risk of infection and
immunosuppression’.

There is concern about whether the 3D bioprinting
of organs  can be sufficiently controlled through
experimental trials in a safe and effective manner
in the future. This results in difficulty to perform
clinical trials to assess the efficacy and safety of
bioprinted artificial organs. 

According to another study, personalised
treatment with bioprinted artificial organs
becomes more difficult to be reversed in trials by
the fact that most of the patients are facing life-
threatening situations and often the transplanted
and the ‘potentially experimental organ’ is their last
chance. 
The patient participating in the trial might not be
able to access any further, possibly better
treatments to substitute the implantation, albeit
the transplanted organ maintains the patient in a
stable health condition, ‘due to technical and
biological adversities’.

Which
challenges
are faced

with
bioprinting

whole
organs?



One of the major challenges is to design clinical trials. As
3D bioprinting generates personalised tailored
treatment, it can ultimately only be tested in patients
themselves. 

Ethical issues are especially arising around the kind of
biological inks that are or would be used for bioprinting.
Depending on the origin of the cells in the bioink, there
could be the risk of zoonosis when using cells derived
from animals. Furthermore, there may be refusal of
treatment with cells originating from animals due to
religious or lifestyle reasons. 

When patient-derived stem cells are used, there is the
question of how they will behave. From previous
research there are certain risks associated with the use
of stem cells, including ‘tumour formation,
immunological reactions, the unpredictable behaviour
of the cells, and long-term health effects yet unknown ‘. 
Given that 3D bioprinting is still a fairly new technology
the question arises whether it is feasible to identify the
risks, possibly irreversible, associated with the
implantation before the procedure to obtain consent
and fully disclose risks to the patient. 
Of course, there is also the concern of yet unknown
risks of 3D bioprinting.

An apprehension of research affects the ‘use of bioinks
from non-autologous cells’ derived from donors.
Autologous iPSCs can proliferate indefinitely, hence they
are immortal in culture. Therefore,  the consent of the
donor to use the donated cells after life needs to be
obtained.

There is clearly the concern of bioterrorism and abuse
of 3D bioprinted products  as research progresses,
making the technology of bioprinting more accessible to
the public. Everyone with adequate technology could
possibly bioprint tissues at home without any control.
Eventually, the use of bioprinted products, especially
their insertion, might be exclusive  to professionals
working in a medical institutional environment.

Research shows that there is also the lack of current
specific regulatory guidance to 3D bioprinting. 

W
hich ethical issues arise from

 3D
 bioprinting?
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