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Abstract. Tissue engineering is a revolutionary field that aims to restore or replace damaged
tissues and organs through the development of living substitutes using biodegradable materials.
Among its applications, vascular engineering is particularly promising, yet challenging, due to the
complexity of replicating the unique composition and function of blood vessels. Recent
advancements in three-dimensional (3D) bioprinting and the integration of extracellular matrix
(ECM) components into bioinks have emerged as key solutions to address this challenge. This
review highlights the role of ECM as a scaffold material that mimics the natural cellular
environment, promoting cell adhesion, differentiation, and the formation of vascular networks.
Various studies have demonstrated how ECM-based bioinks, derived from brain, cardiac, and
vascular tissues, enable the fabrication of perfusable structures and the creation of personalized,
vascularized scaffolds. Innovative approaches, such as multimaterial bioprinting, have allowed
for the development of complex, multilayered vascular constructs with enhanced mechanical
stability and bioactivity. However, significant challenges remain, including maintaining the
bioactive properties of ECM during processing and scaling these structures for clinical
applications. By synthesizing insights from recent research, this review provides a
comprehensive overview of the methodologies, benefits, limitations, and future perspectives of
ECM-based bioinks in bioprinting vascularized tissues. These advancements not only pave the
way for personalized regenerative therapies but also hold potential for applications in
pharmacological studies and organ transplantation.
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1. Introduction

Tissue engineering is an interdisciplinary field that
aims to regenerate the form and/or function of
damaged tissues or organs by manufacturing living
substitutes using natural or synthetic biodegradable
materials. This approach seeks to offer therapeutic
alternatives for diseases that have no cure or for
which treatments are still ineffective. The
development of functional tissues or organs requires
consideration of several factors, such as the host's
immune response, the biocompatibility and
cytotoxicity of the materials used, as well as
biological aspects related to cell types and tissue
functionalization.!.

In this context, the need arose to develop three-
dimensional (3D) supports that mimic the natural
architecture of tissues, allowing an environment
conducive to tissue maintenance and regeneration.
These supports, or scaffolds, must be capable of

degrading in a controlled manner while providing
support for cell adhesion, proliferation, migration,
and differentiation. The use of 3D structures is
especiallyrelevantbecause it favors cell-cell and cell-
extracellular matrix (ECM) interactions, optimizing
the functional properties of regenerated tissues.3*

Tissue engineering applied to blood vessels (TEBV)
represents one of the greatest challenges in the field
but also one of the most promising fronts, as it can
provide vessels with customized characteristics of
length, diameter, and specific layers, essential for
interventions such as revascularizations. When
combined with 3D bioprinting techniques, TEBV
offers greater control over the architecture and
composition of vessels, which expands its potential
for clinical application.>6

However, the replication of natural ECM remains a
significant obstacle due to its unique molecular and
structural composition. Native ECM is composed of
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proteins such as collagen, elastin, fibrin,
proteoglycans, and cell adhesion glycoproteins,
which play essential roles in cell signaling and
maintaining  tissue  homeostasis. Therefore,
strategies have been developed to integrate ECM into
bioinks used in bioprinting, with the aim of
promoting a more biomimetic environment that
favors cell viability, differentiation, and
organization.”8
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Fig. 1 - Representation of the extracellular matrix
(ECM) and its macro components before and after
decellularization. Adapted from Somunco, 2019.

To obtain ECM, a decellularization process is used,
which combines chemical, physical, and/or
enzymatic steps to completely remove the cellular
content of donor tissues while maintaining the
integrity of the structural matrix. This approach
significantly reduces the risk of adverse immune
response when the material is implanted, in addition
to preserving the bioactive properties of ECM, which
are essential for guiding tissue regeneration. Figure
1 illustrates the macrostructural composition of ECM
before and after decellularization, highlighting its
relevance as a basis for more functional bioinks. 91011

The application of ECM in bioinks seeks to reproduce
the microenvironment of native tissue. In addition,
the ability to modulate the composition and origin of
the ECM allows directing the properties of the
printed tissue, such as elasticity, porosity, perfusion
capacity, and even compatibility with specific target
tissues, such as the brain or myocardium. This
versatility contributes to the development of
personalized vascularized scaffolds, with application
on regenerative therapies and transplants.1213.1415

This minireview presents and discusses the main
recent advances in the use of ECM as a key
component of bioinks for bioprinting blood vessels
and vascularized tissues, addressing its benefits,
limitations, and perspectives for clinical and
translational applications.

2. Methodology

The articles were obtained from the PubMed
platform where the following keywords were
searched: 'extracellular matrix' AND 'bioink' AND
'vein', (n=22) with a limit of 7 years. Another search
was also performed with the following keywords:
'extracellular matrix’ AND 'bioink' AND 'vessel’,
(n=27) with a limit of 7 years.

Of the two searches, only 5 articles were the same for
both searches, totaling 44 articles. From the
abstracts, only 13 articles that were related to the
production of veins using extracellular matrix and 3D
bioprinting were selected, Table 1.

3. Discussion

3.1 Function of ECM in Vascular
Bioprinting

ECM acts as a scaffold that mimics the natural
environment of cells, promoting adhesion,
differentiation, and cellular organization. Studies
show that its incorporation into bioinks favors the
formation of vascular networks-1234 As well as the
creation of perfusable structures capable of
supporting fluid flow.5812 In addition, its
composition is rich in proteins, such as collagen and
fibronectin, which contribute to the maintenance of
cell viability and tissue functionality.

3.2 Types and Sources of ECM

The studies analyzed used different sources of ECM,
including cardiac, brain, and vascular tissues,
obtained by decellularization processes (dECM).1347
ECM derived frombrain tissue, for example,has been
shown to promote specific properties of the blood-
brain barrier, being promising for applications in
neuroscience.” Customizing the bioink with specific
ECM has proven to be essential to achieve greater
biomimetics and functional specificity.

3.3 Multimaterial Bioprinting and
Vascularized Segments

The integration of ECM into multi-material and
compartmentalized approaches has enabled the
bioprinting of more complex structures with
different compositions in specific layers.¢ The
construction of multilayer vessels, combining ECM
and innovative bioinks, has advanced in reproducing
the mechanical and functional characteristics of
natural vessels.814

3.4 Rules in tables Translational and
Personalized Applications

ECM hasalso been used to print thick cardiac patches
and personalized permeable organs, demonstrating
its potential for clinical applications in
transplantation and regenerative medicine.s
Furthermore, the creation of vascularized organoids
and complex disease models suggests a promising
scenario for pharmacological studies and
personalized therapies.® 10

3.5 Challenges and Limitations

Despite advances, challenges remain, especially
regarding the mechanical stability of the ECM,
multilayer functional integration, and maintenance
of bioactive properties during processing.?1013 The
reproducibility and scalability of biostructures also
represent important barriers to clinical translation.



Tab. 1 - 3D bioprinting Vessels Project

Research Title Scaffold extracellular matrix Ref.#
3D bioprinting of multi-layered segments of a vessel- Descellularized porcine aorta 14
like structure with ECM and novel derived bioink.

3D Printing of personalized thick and perfusable Descellularized omenta 5
cardiac patches and hearts.

3-Dimensional bioprinting of cardiovascular tissues State-of-the-art review 13
emerging technology.

A coaxial 3D bioprinted hybrid vascular scaffold based Descellularized porcine aorta 4
on decellularized extracellular =~ matrix/nano

clay/sodium alginate bioink.

Bioengineering strategies for 3D bioprinting of tubular  Descellularized varicose vein 1

construct  using decellularized

extracellular matrix.

tissue-specific

Bioink with cartilage-derived extracellular matrix
microfibers enables spatial control of vascular capillary
formation in bioprinted constructs.

Bioprinting of perfusable, biocompatible vessel-like
channels with dECM-based bioinks and living cells.

Blood vessels in a dish: the evolution, challenges, and
potential of vascularized tissues and organoids.

Cerebrovascular-specific extracellular matrix bioink
promotes blood-brain barrier properties.

Extracellular-matrix-reinforced bioinks for 3D

bioprinting human tissue.

Fabrication of engineered vascular flaps using 3D
printing technologies.

Three-dimensional bioprinting of artificial blood

vessel: Process, bioinks, and challenges.

Tunable and compartmentalized multimaterial
bioprinting for complex living tissue constructs.

Microfibers derived from cartilage 3
extracellular matrix (porcine collagen
sponges)

Descellularized pancreatic tissue 8

Review article 9

Descellularized porcine brain and aorta 7
tissue

Descellularized human lungs 2
PLLA/PLGA with fibronectin 12
Review article 10
Cellulose nanofiber-GeIMA-N- 6

isopropylacrylamide GelMA-

NiPAM)-alginate bioink

(CNF-

4. Conclusion

The extracellular matrix has established itself as a
key element in the advancement of blood vessel
bioprinting, offering crucial physicaland biochemical
support for the formation of functional vascular
structures. The studies analyzed demonstrate that
the combination of ECM with personalized bioinks
allows achieving greater biomimetics, promoting
cellular integration and the formation of permeable
networks. However, technical challenges still need to
be overcome to enable its application in clinical
contexts. The continued optimization of ECM-based
bioinks and the development of more precise
bioprinting strategies are fundamental for the future
of personalized vascular engineering.
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