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Abstract. 3D bioprinting as a digital innovation gives hope to patients in
need of organs and awaiting transplantation, as well as other patients. The
prospects for bioprinting are significant; many types of bioink are being
developed, without which this digital technology may not exist. However,
the legal regulation of thing developing sphere of medical science is in its
initial stage. Given the complexity and duration of creating legal norms for
new directions in medical science, we consider it important to start
developing legislative acts that will regulate 3D bioprinting and establish
requirements for bioink so that they are ready by the time the first organ
(tissue) constructs suitable for clinical use appear. It is emphasized that the
study of technological and legal aspects of bioinks as biologically active
substances is an extremely relevant and promising scientific task.
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1 Introduction

Bioprinting is the newest field of research related to the creation of tissue structures
consisting of living cells, cellular aggregates, and bioactive molecules. Bioactive materials
include micro-tissues, structures of hybrid cellular materials or biomaterials as a component
in production. This innovative technology can be used to create structures that mimic the
composition and hierarchical architecture of organ (tissue) constructs. The main component
of 3D bioprinting is bioink, which is crucial for the formation of functional organs or tissue
structures. However, despite their actual diversity, modern bioinks have not yet fully
implemented attempts to create a natural tissue. Bioinks used in 3D printing technology must
have many vital properties that must be taken into account when choosing one. Given the
importance of bioink, we believe that the requirements for their development and application
should be determined at the level of legislation.
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2 Materials and Methods

The materials for the work were the provisions of the Russian legislation, as well as
normative-legal acts in force in the field of health care, and theoretical views of authors who
have researched a similar topic. The reliability of the obtained results is provided by the study
of legislative norms, as well as the use of modern methods of research method: logical,
formal, legal, comparative-legal, system-structural and other methods of scientific cognition.

3 Results

3D bioprinting is a new type of high-tech medical care designed to revolutionize medicine
and bring it to a new level. It certainly offers a number of significant advantages, including
a possibility to replace diseased or damaged organs with healthy ones, to address the shortage
of organs and tissues for transplantation, and to replace bones, cartilage, blood vessels and
internal organs such as the heart, kidneys, liver and others in humans. The production of
organs using bioprinters can reduce the time required for surgeries and thus contribute to
saving the lives of those in need of organ and/or tissue transplants. When bioprinted organs
are created from “own” deoxyribonucleic acid (further — DNA), the organ is not rejected by
the human body. According to scientists, most organizations now consider this technology
morally justified if it has a therapeutic effect [1].

One may note that today various bioprinting technologies have overcome medical and
political restrictions on their implementation. It should be stated that commercialization of
relations in the sphere of bioprinting technology has already emerged.

The need to study the problem of legal regulation of bioprinting in all possible aspects
creates difficulties in conducting the research. The development of bioprinting technology
will inevitably require changes in legislation, including norms regulating transplantation.

One of the key stages in the bioprinting process is the bioprinting (processing) [2] stage
per se, which involves printing organ (tissue) constructs using a digital model (digital
template), living cells (individual cells or densely packed cell aggregates called “tissue
spheroids”), and biomaterials (e.g., hydrogels).

3D bioprinting is done with so-called bio-ink, which is made up of living cells and used
in place of ink in conventional printing. The bioprinting process uses a solution of biomaterial
or a mixture of several biomaterials in hydrogel form to create organ (tissue) constructs; it
usually encapsulates the desired cell types and is called bio-ink [3].

Bioink for bioprinting can be created from natural or synthetic biomaterials, or a mixture
of both called hybrid materials. In some cases, aggregates of cells without adding other
biomaterials can be used for bioprinting. However, to be used in bioprinting, bioink must
have certain properties such as mechanical strength, rheological characteristics, and
biocompatibility with target tissues to ensure proper functioning of the printed tissues and
organs [3].

To date, various natural and synthetic biomaterials with specific characteristics have been
used as bioinks [4]. Currently, biotechnologists have many questions regarding the
composition of bioinks [5]. Specialists are making efforts to find effective and safe
technologies to produce this important component of bioprinting.

We believe that the turnover of bioinks should be standardized. That is, it should comply
with medical care standards, treatment protocols or clinical recommendations, as well as with
ethical and legal principles. The latter, in our opinion, must be taken into account in the
development of norms aimed at regulating the relevant legal relations.

This said, the procedure of applying bioinks in bioprinting should be carried out in
accordance with the standards of medical care (medical service).

Undoubtedly, great importance should be given to the quality of bioinks.
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It is important to pay special attention to the quality and safety of the tissue material, as
well as compliance with the requirements for cleanliness of the premises and storage
conditions. During the bioprinting process, no high temperatures and no chemicals are used
to protect cells from destruction. Afterwards, the human cells are embedded in the selected
biomaterial, such as hydrogels consisting of water and various polymers. Therefore, we
believe it necessary that quality studies on the bioinks viability are performed, as well as
bioinks testing for viral, bacterial, protozoal, fungal, and prion infection. Hydrogels are
commonly used as bioink material in scaffold-based bioprinting and are characterized by
several important properties: biodegradability, biocompatibility and the presence of cell
binding points for cell attachment, growth or differentiation [6].

Safe storage and transportation of bioinks in a biobank should be ensured, since printing
of the organ (tissue) construct takes place in another medical institution. Undoubtedly, the
clinical efficacy of bioinks application must be proved. For example, scientists at the Korea
Institute of Science and Technology have recently developed bioink based on multisystem
phosphazene hydrogel. It has no toxic photocuring agent and requires no photocuring. After
application it is heated to body temperature and induces tissue regeneration, degrading in the
body after a certain period of time. It contains no cytotoxic linking agents, so the living tissues
created with them will cause minimal side effects during implantation [7]. The biological
functionality of bioprinted constructs depends on the properties of the bioink used [8]. The
lack of effective bioinks limits progress in tissue engineering and hinders the application of
research results in clinical practice [9].

The choice of bioink depends on the specific application and cell type, as well as the
bioprinter used. Although there has been a significant advance in bioprinting techniques in
this field, the use of bioprinting depends on the bioinks that must both meet the requirements
of bioprinting and have proper bioactivity of different cells [10].

One should agree that it is necessary to assess all possible risks at any stage of bioprinting
and digital technology development: from the creation of bioinks to the transplantation of
organ (tissue) constructs into the human body [11].

In addition, questions will inevitably arise concerning the bioprinters safety, related to the
labor protection of workers directly involved in bioprinting and creating bioinks, as well as
other persons in their operation. This is due to the fact that bioprinting uses biocompatible
plastics, polymers, bioinks, biofibers, powders and various substrates, as well as high
temperatures. A bioprinter should be located in a sufficiently safe (sterile) environment or in
a special cabinet (box).

4 Discussion

Undoubtedly, it is necessary to determine what the developed bioinks will be and what legal
regime will apply to them. Will they be subject to the legal regime of civil rights objects? In
this regard, justified are the researchers’ concerns related to defining special requirements for
“bioinks”, as well as for specialists in the field of additive technologies used in biomedicine
[12].

The question will arise whether bioink is a medical device, biomedical cell product or
drug [13]. In Russia there have already been cases of bringing to administrative responsibility
customers who included goods in the auction documentation that, as it turned out, were not
registered as medical devices (bioink for bioprinter BIO X containing lamin 111; bioink for
bioprinter BIO X set for preparation of bioink for bioprinter 6BIO X) [14]. This conclusion
also confirms the fact of legal uncertainty in the legal nature of human biomaterials, of which,
inter alia, bioinks are made.

In addition, a rather serious problem is the availability of a sufficient amount of cellular
material for bioprinting and its origin. Therefore, one should agree with the researchers that
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modern technologies do not always allow creating “bioink™ from the patient’s own cells: to
create some tissues, stem cells or materials of animal or organic origin are used [15].
According to medical professionals, the sources of cellular material and substrate can be
different. For cells, autologous cells, including induced pluripotent, allogeneic, embryonic,
or xenogeneic cells can be used. The substrate may consist of allogeneic or xenogeneic
materials, as well as of biological or synthetic materials [16].

Social and religious factors should be considered when using xenogeneic (animal) cells.
In addition, patients with religious beliefs may disapprove of the use of cells from certain
animal species, such as pigs. When they are used, testing is required because of the risk of
carrying zoonotic infections and viruses [16]. Therefore, there is a question about the ethics
of using such designs.

Social and religious factors should be considered when using xenogeneic (animal) cells.
In addition, patients with religious beliefs may not approve of the use of cells from certain
animal species, such as pigs. When they are used, testing is required because of the risk of
carrying zoonotic infections and viruses . Therefore, a question arises about the ethics of
using such constructs.

However, according to researchers, modern genetic engineering technologies allow
creating genetically modified animals that can become donors of connective tissue scaffolds
(substrates) to be subsequently used by human cells to develop transplants [17].

The problem of increasing the number of cells needed to create organs remains very
important. However, it should be taken into account that a significant amount of cellular
material is needed to print an entire organ. On the contrary, if just the functioning of an organ
(liver, thyroid gland) is disturbed, it should be assumed that less cellular material is needed.

5 Conclusions

Thus, the study of technological and legal aspects of bioinks as biologically active substances
is extremely relevant for science [18-21] and practice [22-24].

At the moment, depending on the type of 3D printing, there are several printing
technologies, each requiring independent clinical studies (trials) and standardization. At that,
a significant role should be given to legal regulation in order to avoid risks and threats in the
future. There are many issues that require regulation and are related to the cells origin, the
nature of the substrate, stability, potential side effects and a patient’s reaction after the
bioprinting procedure, especially when using allogeneic cell lines, which may cause a reverse
reaction. All these issues must be regulated by medical care standards.

Until an effective regulatory system for bioprinting is developed, we consider it possible
that the subjects involved in the process, including medical professionals, are guided by
ethical principles. In our opinion, compliance with them may prevent potential negative
consequences as a result of their application [25].

Speaking of the nature of bioink origin, one cannot but consider the need for legislative
stipulation of its definition in the legislation regulating the citizens’ health protection. We
propose the following definition of the concept of bioink — a mixture of donor cells and
synthetic substances that mimic the extracellular matrix used for the production of tissue
(organ) constructs.
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